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R.  C.  Langille,  author  of  The  DRB  Topside  Sounder  Satel- 
lite is  Superintendent,  Electronics  Laboratory,  Defence 
Research  Telecommunications  Establishment,  Ottawa.  Born 
in  Yarmouth,  N.S.,  Dr.  Langille  received  a B.Sc.  from  St. 
Francis  Xavier  University  in  1937.  In  1940  he  graduated 
from  Dalhousie  University,  Halifax,  N.S.,  with  an  M.Sc., 
and  in  1944  obtained  his  Ph.D.  from  the  University  of 
Toronto.  On  graduation  he  joined  the  Canadian  Army 
Operational  Research  Group  where  he  performed  research 
in  radar  meteorology.  Dr.  Langille  has  been  with  the  De- 
fence Research  Board  since  1947  when  he  joined  the 
Defence  Research  Telecommunications  Establishment.  Here 
he  has  done  research  in  radar  meteorology  and  tropospheric 
propagation.  His  paper  describes  the  design  of  the  experi- 
ment and  the  construction  of  the  275  lb.  Topside  Sounder 
satellite  package  which  is  being  designed  and  built  in 
Canada.  It  will  be  placed  in  orbit,  early  this  year,  by  a 
rocket  supplied  by  the  National  Aeronautics  and  Space  Ad- 
ministration of  the  U.S.A.  The  Defence  Research  Telecom- 
munications Establishment  decided  to  build  the  Topside 
Sounder  satellite  in  order  to  obtain  more  knowledge  of  the 
upper  part  of  the  ionosphere  over  northern  Canada  which 
will  be  useful  in  radio  communication  studies. 

“The  trend  towards  centralized  control  and  automatic 
operation  of  steam  power  plants  began  about  10  or  15 
years  ago,”  P.  A.  Pasquet,  m.e.i.c.  states  in  his  paper  en- 
titled Centralized  Control  and  Automatic  Operation  of 
Steam  Power  Plants.  Centralized  control  of  such  plants  is 
discussed  in  detail.  Examples  of  problems  encountered  and 
suggestions  concerning  items  to  be  considered  when  de- 
signing a centrally  operated  power  plant  are  given  by  the 
author.  “The  purpose  is  primarily  to  determine  whether  the 
operating  efficiency  is  as  good  as  can  be  expected  under 
prevailing  conditions,”  Mr.  Pasquet  writes  when  consider- 
ing perfonuance  monitoring  of  such  plants.  Automatic  opera- 
tion is  mentioned  only  briefly,  because  the  high  cost  of 
digital  computers  and  other  specialized  equipment  is  felt 
to  be  an  inhibiting  factor  in  the  construction  of  auto- 
matically operated  plants  in  Canada.  Mr.  Pasquet  graduated 
from  Queen’s  University  with  a B.Sc.  degree  in  1942.  Upon 
graduation  he  joined  H.  G.  Acres  and  Company  and  was  ap- 
pointed ehief  project  engineer.  Thermal  Division,  in  1959. 
The  following  year  he  became  a partner  in  the  firm  of  W. 
1’.  London  and  Partners. 

'I'lic  Resistance  of  Aluminum  to  Concrete,  Stucco  and 
Rrick  Mortar  — Ten  Year  Test  Results  is  a comprehensive 
report  of  “a  eomprc'hensivc  Ic^sting  program  to  aetpiire 
inlormation  al)out  the  performance  of  aluminum  embedded 
in  the  eoiumon  alkaline  building  materials  over  long 
periods”.  The  observations  and  eoiielusions  derived  from 
this  program,  instituted  at  AInmininin  Laboratories  Limited, 
Kingston,  in  1945  eonlirm  tlu'  ix'snlts  of  a similar  set  of 
e.xperiments  done  i)revionsly  by  Eiseher  and  X’osskiihler. 
All  three  authors  are  with  Aluminium  Laboratories  Ltd. 
I.  II.  Jenks  is  head  ol  the  I’ublieations  l)i\ision  while 
T.  E.  Wright  is  a member  of  the  Chemical  Division  of 
which  II.  P.  (hxiard  is  head.  Mr.  Jenks  is  a graduate  of 
Mount  Allison  Universits'  in  both  .\rt.s  and  .Seienee.  I'roiu 


1942-1945  he  was  a chemist  for  the  Aluminum  Company 
of  Canada,  Limited,  Arvida.  In  1945  he  joined  Aluminium 
Laboratories  Limited,  Kingston,  as  a technical  writer  and 
two  years  later  became  head  of  the  Publications  Division. 
A past  chairman  of  the  Society  of  Technical  Writers  and 
Publishers,  Mr.  Jenks  is  also  a member  of  the  Chemical 
Institute  of  Canada,  the  American  Chemical  Society  and 
the  American  Documentation  Institute.  Mr.  Wright  grad- 
uated from  McMaster  University  with  a B.A.  in  Chemistry 
in  1942.  He  joined  the  Chemical  Division  of  Aluminium 
Laboratories  Limited,  Kingston  in  1947  and  has  been 
engaged  in  corrosion  work  on  aluminum  alloys.  Dr.  Godard 
holds  a Ph.D.  degree  in  industrial  and  cellulose  chemistry 
from  McGill  University  and  a Master’s  degree  in  chemical 
engineering  from  the  University  of  British  Columbia.  An 
industrial  chemist,  he  worked  with  wood  pulp,  copper  and 
gold  mining  and  explosives  before  joining  Aluminium 
Laboratories,  Limited  in  1945.  Since  then  he  has  been 
mainly  concerned  with  the  corrosion  behaviour  of  alu- 
minum and  has  published  some  20  papers  on  this  subject. 

Douglas  Fir  Plywood  Manufacture  by  J.  S.  Abel,  gives  an 
outline  of  the  engineering  phases  of  the  plywood  manu- 
facturing process  for  Douglas  Fir  Plywood.  It  describes  the 
general  design  of  a plywood  plant,  type  of  buildings,  steam 
and  electrical  supply,  plant  arrangement,  and  manufactur- 
ing equipment  involved.  In  addition  to  the  engineering 
features  it  describes  a number  of  the  process  steps  wdth 
which  the  engineering  is  closely  related.  The  author  was 
born  in  Dutch  Guiana,  South  America.  He  attended  schools 
in  Cambridge,  Mass.,  and  graduated  from  the  University  of 
Manitoba  in  1921  with  a B.Sc.  in  civil  engineering.  Mr. 
Abel  is  a consulting  engineer  in  Tacoma,  Washington. 

In  his  paper.  Have  We  A Problem  Jn  Engineering  Education? 
W.  F.  McMullen,  Engineering  Personnel  Manager,  Canadian 
General  Electric  Co.  Ltd.,  reviews  the  present  day  diffi- 
culties encountered  in  engineering  education.  Mr.  McMullen 
graduated  from  the  University  of  Toronto  in  1935  in 
electrical  engineering.  After  a short  period  on  the  U.  of  T. 
staff,  he  joined  Canadian  General  Electric.  He  has  had 
extensive  e.xperience  wiüi  CCE  in  engineering,  manufactur- 
ing and  commercial  activities.  He  was  appointed  to  his 
present  position  in  1948.  His  responsibilities  include  the 
recruiting  of  engineers  as  well  as  the  operation  of  technical 
training  programs  and  related  advanced  leeture  eonrses.  As 
such,  he  visits  all  Canadian  Universities,  Technical  Insti- 
tutes, and  some  European  Schools. 

During  the  last  decade  the  n.se  of  open  ponds  for  the  treat- 
ment of  raw  sewage  has  spreail  rapidly  in  the  western 
United  States  and  to  Canada.  D.  R.  Stanley,  m.e.i.c..  Con- 
sulting Engineer,  Stanley  Criinble  Roblin  Ltil.,  Edmonton, 
and  E.  j.  Cole,  m.e.i.c..  City  Engineer.  City  of  Saskatoon, 
discuss  this  practice  in  their  paper  Sewage  Stabilization 
Ponds  for  the  City  of  Saskatoon.  These  sewage  ponds  have 
sufficient  snrlaci'  area  to  assure  aerobic  conditions,  but  in 
recent  >ears  short  ilctention  poiuls  have  been  built  to 
proside  anaerohie  biological  treatment.  Some  pressure  has 
hei'u  I'xerted  on  the  Cit\'  ot  Saskatoon  to  treat  its  sewage 
and  .1  stml>'  ol  the  problem  has  been  m.ule. 


(xnr.H  iLi.i’STH.vnoN 


Shnu'n  is  The  DRR  I'opside  Sotinder  Satellite,  desigueil  and  built  in  Canada. 

search  Teleeoniniunications  Establishment  ' 


! I'hoto  courtesy  Defence  l\e- 
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Encrustation  on  two  of  the  above  valves  was  cleaned  off  to  show  lack  of  external  corrosion- 
Compare  this  with  the  corroded  condition  of  the  structural  steel. 


Ghnnell-Saunders  Diaphragm  Valves  resist  attack 
by  hot  corrosives  at  Carborundum  Metals  Company 


During  the  past  few  years,  Carborundum  Metals  Company,  a 
Division  of  the  Carborundum  Company,  has  installed  over 
200  Grinnell-Saunders*  Diaphragm  Valves  at  their  Parkers- 
burg plant  in  West  Virginia.  These  valves  were  coated  inter- 
nally and  externally  with  Penton  **  — and  were  equipped  with 
fluorinated  plastic  diaphragms,  backed  with  elastomer  cush- 
ions. Their  job:  to  handle  highly  corrosive  caustic  soda  and 
sodium  hypochlorite-at  212°F,  and  methyl  isobutyl  ketone, 
hydrochloric  acid,  sulphuric  acid  at  IBO^F-all  used  in  process- 
ing zirconium  ore  for  zirconium  and  its  co-product.  Hafnium. 

Today,  this  manufacturer  reports  that  after  being  in  opera- 
tion an  average  of  two  years,  the  rugged  Grinnell-Saunders 

*Sciunders  . . . Reg.  Tradeiucirk  **Reg.  T.M.  Hercules  Powder  Co. 


Diaphragm  Valves  are  still  giving  good  service.  What’s  more, 
they’ve  never  had  to  replace  parts  in  these  Grinnell  Valves! 

In  Grinnell-Saunders  Valves,  the  diaphragm  lifts  high  for 
streamline  flow  - seals  tight  for  positive  closure.  Working 
mechanism  is  completely  isolated  from  material  in  the  line  to 
prevent  corrosion  and  contamination.  There’s  a wide  choice 
of  body,  lining  and  diaphragm  materials.  See  how  Grinnell- 
Saunders  Diaphragm  Valves  , — t-j— 

can  help  your  installation. 

Write  Grinnell  Co.  of  Canada 
Ltd.  — Edmonton,  Montreal,  t 
Toronto,  Vancouver,  Winnipeg,  

OPEN 


GRINNELL-SAUNDERS  DIAPHRAGM  VALVES 


GRINNELL  COMPANY  OF  CANADA,  LTD.  • BRANCH  WAREHOUSES  AND  DISTRIBUTORS  FROM  COAST  TO  COAST 
PIPE  FITTINGS  • VALVES  • PIPE  HANGERS  • PREFABRICATED  PIPING  • UNIT  HEATERS  • PIPING  SPECIALTIES 
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DRB  Topside  Sounder  Satellite 


R.  C.  Langille, 

Formerly  Superintendent,  Electronics  Laboratory , 

Defence  Research  Telecommunications  Establishment,  Ottawa. 


Presented  at  the  75th  E.I.C.  Annual  General  Meeting,  Vancouver,  May  1961. 


IT  HAS  long  been  known  that  the 
sun’s  radiation,  particularly  in  the 
ultra-violet  and  soft  X-ray  region, 
causes  the  rarefied  upper  atmosphere 
of  the  earth  to  ionize  to  some  extent. 
The  free  electrons  resulting  from  this 
ionization  allow  the  upper  atmos- 
phere to  reflect  and  absorb  radio 
waves  of  certain  frequencies.  This 
region  which  reflects  radio  waves  is 
known  as  the  ionosphere.  The  iono- 
sphere is  extremely  important  to  com- 
munication systems  depending  upon 
high  frequency  radio  waves.  If  the 
ionosphere  did  not  exist,  these  fre- 
quencies would  allow  communication 
only  slightly  beyond  line  of  sight  in- 
stead of  the  world-wide  coverage 
which  is  usually  available.  The  reflec- 
tive properties  of  the  ionosphere  are 
not  constant,  but  vary  widely  with 
season,  time  of  day,  geography  and 
sunspot  cycle,  and  other  parameters 
such  as  solar  distutbaiices.  Solar  dis- 
turbances arc  particularK-  important 


in  high  latitude  regions,  as  communi- 
cations may  be  disrupted  for  many 
days  by  the  disturbed  ionosphere. 
Consequently  an  understanding  of  the 
physics  of  the  ionosphere  and  the 
upper  atmosphere  is  very  desirable 
for  efficient  radio  communication. 

Canada  has  unique  high  frequency 
communication  problems  because  of 
her  geographical  position  with  a large 
proportion  of  Canadian  territory  ly- 
ing beneath  the  ionosphere  which  is 
often  distui'*bed.  Charged  particles 
streaming  to  the  earth  from  the  sun 
tend  to  spiral  into  the  polar  regions 
as  a result  of  the  earth’s  magnetic 
field.  These  particles  appear  to  be 
linked  with  the  aurora  and  other  dis- 
turbances of  the  upper  atmosphere 
which  cause  the  trouble  on  high  fre- 
(luency  radio  circuits  in  high  latitude 
regions.  In  fact  the  auroral  zone 
which  is  a band  of  maximum  occui- 
reuce  of  visual  aurora  is  characterized 
by  an  often  disturbed  ionosphere. 


This  auroral  zone  passes  across  Can- 
ada from  northern  Quebec  province 
down  over  Hudson  Bay  to  Fort 
Churchill,  then  north  west  to  the 
Yukon. 

The  ionosphere  has  been  studied 
by  radio  means  since  about  1920. 
The  most  common  method  has  been 
to  send  a pulse  of  radio  waves  direct- 
ly upward,  and  measure  the  time  re- 
quired for  reflection  from  the  ion- 
osphere. The  apparent  height  of  the 
ionosphere  can  then  be  calculated 
from  the  time  delay.  If  the  radio 
transmitter  and  receiver  are  swept  in 
frequency,  usually  from  about  2 Mc/s 
to  20  Mc/'s,  an  ionogram  showing 
the  apparent  height  of  the  \-arious 
ionospheric  layers  can  be  constructed. 
These  ionograms  are  \'er\-  useful  in 
studying  the  changes  in  the  ion- 
osphere and  predicting  frequencies 
which  should  gi\'e  good  results  o\er 
various  circuits.  Many  countries  now 
maintain  routine  ionospheric  stations 
to  take  data  on  the  ionosphere.  Dur- 
ing the  recent  luternalioual  Ceophysi- 
cal  Year  many  routine  stations  and 
mau\'  special  stations  co-operated  in 
stiubiug  the  ionospliere  aiul  upper 
atmosphere.  Canada  has  been  taking 
systeiuatie  data  on  the  ionosphere 
sinet'  about  1916  b\'  meau.s  of  \ arious 
ionosplierie  st.ilious  w hich  are  now  all 
oper.ilcd  1)\  the  Di'p.utmeut  of  rraus- 
liort  tor  stiulies  In  the  Defcuce  He- 
se.irch  TeI('eouunuuie.ilions  Est.iblish- 
meut  (DU  ri',). 

DB  I'K  has  been  stiulviug  the  iou- 
osphere  o\er  uortheni  (huiad.i  lor  the 
past  I 'l  \ears  in  an  effort  to  pro\  ide 
a lu'tter  umlerstaiuling  of  higli  fre- 
tHU'ucx  eommuuieati('u  probK'ius  in 
C.iuad.i.  iiarticularlv  in  the  am  >!,u 
zoiu'.  Ionosplierie  d.ita  obtaiiu'd  tln'i. 
is  usuallv  coiuplic.ite.l  ami  its  -r'.-r 


Fig.  1.  Ionosplierie  sounding. 
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pretation  is  frequently  difficult  or  im- 
possible at  the  present  state  of  knowl- 
edge. Consequently  it  is  important  to 
have  all  the  infonnation  possible  to 
explain  polar  events  which  affect  the 
ionosphere. 

Although  the  lower  side  of  the 
ionosphere  has  been  studied  by  radio 
methods  from  the  earth’s  surface  for 
many  years,  there  is  a serious  lack  of 
information  concerning  the  upper  side 
of  the  ionosphere  due  to  the  reflecting 
and  absorbing  properties  of  the  ion- 
ized layers.  Information  on  the  elec- 
tron density  is  available  up  to  the 
height  of  maximum  ionization,  but 
extremely  little  is  known  about  the 
ionosphere  beyond  this  point.  The 
diurnal  and  spacial  variation  in  the 
electron  density  under  varying  mag- 
netic and  auroral  conditions  is  also 
desired  with  particular  emphasis  on 
high  latitude  effects.  At  present  one 
can  only  estimate  the  electron  density 
above  the  ionosphere  and  supplement 
this  information  with  some  rocket 
data  and  some  indirect  measurements, 
such  as  the  twinkling  of  radio  stars. 
Rocket  measurements  are  limited  to 
a particular  time  and  place,  and  do 
not  tell  of  variations  in  space  or  time. 
Changes  in  the  electron  density  above 
the  ionosphere  as  solar  particles  arrive 
from  the  sun  would  also  be  of  great 
interest.  The  DRTE  Topside  Sounder 
satellite  experiment  is  designed  to 
supply  more  infonnation  above  the 
ionosphere.  Fig.  1 shows  a distribu- 
tion of  free  electrons  per  c.c.  with 
height.  The  curve  above  the  F layer 
maximum  is  considerably  in  doubt. 
Fig.  1 also  shows  diagrammatically 
how  the  ionosphere  will  be  sounded 
from  above  by  the  Topside  Sounder 
satellite  while  it  is  simultaneously 
sounded  from  below  by  ground  based 
sounders. 

Topside  Sounder  Experiment 

As  stated  above,  DRTF  has  a con- 
siderable history  in  ionospheric  re- 
search in  Canada.  Also  it  has  the 
facility  of  ground  ionospheric  stations 
at  St.  John’s,  Nfld.,  Ottawa,  Winnipeg, 
Fort  Churchill,  Man.  and  Resolute 
Bay,  N.W.T.  It  has  a program  to 
study  the  ionosphere  and  upper  at- 
mosphere by  rockets  fired  from 
Fort  Churchill.  DRTF  has  the  knowl- 
edge and  experience  in  transistor  cir- 
cuitry, electronic  instrumentation  and 
packaging,  solid  state  physics,  and  en- 
vironmental testing  necessary  to  de- 
sign a satellite  package.  Hence,  it  is 
very  reasonable  that  DRTF  should 
participate  in  a program  to  study  the 
ionosphere  from  a satellite.  The  U.S. 
National  Aeronautics  and  Space  Ad- 
ministration (NASA)  has  authorized 
the  launching  of  two  satellites,  using 


U.S.  launching  vehicles,  to  sound  the 
upper  side  of  the  ionosphere  by  radio 
means.  One  satellite  will  be  the  DRB 
Topside  Sounder  satellite,  which  is 
being  designed  and  built  by  the  De- 
fence Research  Telecommunications 
Establishment.  This  satellite  will  be  a 
sweep  frequency  sounder  covering 
the  frequency  range  1.8  to  11.5 
Mc/s.  Its  operation  will  be  similar 
to  that  of  a ground  ionospheric  sta- 
tion. 

The  other  satellite  is  being  devel- 
oped by  a U.S.  company,  the  Air- 
borne Instruments  Laboratory,  under 
the  scientific  guidance  of  the  Cen- 
tral Radio  Propagation  Laboratory  of 
the  National  Bureau  of  Standards. 
This  satellite  will  sound  on  six  fixed 
frequencies  in  rapid  succession.  The 
data  collected  by  both  satellites  will 
be  telemetered  to  the  ground  in  real 
time  and  received  at  the  same  ground 
stations.  The  DRB  satellite  will  be 
launched  early  in  1962  from  the  Pa- 
cific Missile  Range  in  California  and 
the  other  satellite  somewhat  later. 
The  data  collected  by  the  two  satel- 
lites should  complement  each  other, 
but  the  DRB  satellite  will  concentrate 
on  Canadian  problems,  while  the 
other  satellite  will  be  more  interested 
in  studying  the  ionosphere  to  the 
south,  in  particular  along  the  75° 
parallel. 

The  DRB  satellite  will  be  placed 
in  a circular  orbit  625  miles  above 
the  earth.  In  order  to  study  special 
changes  in  the  electron  density,  the 
orbit  will  be  inclined  at  80°.  The 
orbit  will  process  clockwise  (looking 
down  on  the  north  pole).  This  will 


give  a complete  coverage  of  local 
time  in  a three  month  period. 

The  ionospheric  sounder  transmitter 
of  the  DRB  satellite  will  normally  be 
off,  and  will  be  switched  on  by  tians- 
mitting  a command  signal  from  a 
ground  station.  The  sounder  will 
sweep  from  1.8  to  11.5  Mc/s  in 
about  10  seconds.  After  each  12  min- 
utes of  sounding,  the  sounder  will 
switch  off  automatically. 

Besides  sounding  the  ionosphere 
from  above,  the  DRB  satelfite  will 
measure  galactic  radio  noise  above 
the  isonosphere  over  the  frequency 
range  0.5  to  12.0  Mc/s.  It  will  also 
measure  the  plasma  frequency  in  the 
neighbourhood  of  the  satellite  by  the 
cut-off  of  the  galactic  noise  back- 
ground. 

The  statellite  will  carry  foin  par- 
ticle counters  supplied  by  the  National 
Research  Council.  These  will  measure 
a spectrum  of  particle  energies,  and 
this  information  will  greatly  enhance 
the  other  ionospheric  data  because  of 
the  connection  between  ionospheric 
disturbances  and  the  arrival  of  high 
energy  particles  in  the  upper  atmo- 
sphere. 

In  Canada  the  information  from  the 
satellite  will  be  received  at  St.  John’s, 
Nfld.,  Ottawa,  Resolute  Bay,  N.W.T., 
and  Prince  Albert,  Sask.  The  infor- 
mation from  above  the  ionosphere 
will  be  compared  with  that  received 
at  ground  ionospheric  stations. 

Outside  Canada  the  satellites  will 
transmit  to  U.S.  Minitrack  stations 
particularly  along  the  75°  parallel.  It 
is  possible  that  information  may  also 
be  received  at  Slough,  England  and 
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Singapore.  The  Canadian  interest 
will  be  chiefly  confined  to  Canadian 
territory,  in  particular  the  complicated 
northern  situation. 

Both  satellites  will  telemeter  their 
data  to  the  earth  on  a frequency  of 
136  Mc/s,  which  is  not  affected  by 
the  ionosphere.  The  data  will  be  re- 
corded on  magnetic  tape  and  Cana- 
dian information  analysed  at  a data 
centre  in  Ottawa. 

The  Satellite  Package 

The  configuration  of  the  satellite 
package  is  shown  diagrammatically 
in  Fig.  2.  The  shape  is  a near-spheroid 
about  42  in.  in  diameter  and  34  in. 
in  height.  Total  weight  will  be  about 
275  lb.  A large  proportion  of  the 
surface  is  covered  with  6480  silicon 
solar  cells  which  will  charge  the 
nickel  cadmium  batteries  through  the 
use  of  solar  energy.  The  package  is 
designed  to  yield  an  optimum  of  three 
structural  requirements. 

(a)  The  package  must  be  strong 
enough  to  withstand  the  stress  of 
launching. 

(b)  Achieve  as  constant  a solar 
cell  illumination  over  the  whole  pack- 
age as  possible. 

(c)  Electronic  packages  and  solar 
cells  must  be  easily  removable  and 
separable  from  the  outer  shell. 

Electronic  components  are  placed 
on  both  sides  of  a load  bearing  cen- 
tral torus  containing  the  sounding  an- 
tenna units  and  battery  pack. 
Attached  to  fhe  periphery  of  the  cen- 
tral torus  are  two  half  shell  aluminum 
spinnings  which  form  the  satellite 
shell.  Fig.  3 shows  a satellite  shell. 
Onto  this  .spun  shell  are  attached  the 
solar  cells  panels  and  end  caps.  The 
central  torus  is  attached  to  the  thrust 
tube  through  which  the  entire  load 
is  tran.smitted. 

The  net  result  is  a veliicle  with 
good  mechanical  access  to  solar  cells 
and  electronics,  and  a solar  aspect 
ratio  constant  to  within  10%. 

Tlic  portion  of  the  satellite  not  cov- 
cMcd  with  solar  cells  is  especially 
Ireatc'd  to  provide  a good  thermal 
l)alanei“  betwec'ii  a nearly  constant 
room  leinperaturc'  environment  in  tlu' 
interior  for  the  eh'ctronie  eireuitry 
and  a cold  snrlaec*  foi’  high  solar  e('ll 
I'llieieney. 

The  satc'lliU'  package  ('xeept  for  llie 
eleelronii'S  is  being  (h'sigiu'd  and 
built  by  llu'  !)(’  Ila\illan(l  .Xireraft 
Company  ol  ('anada  to  specifications 
supplied  by  l)H  Tls.  I'lu'  electrical  de- 
sign ol  llu'  sounding  anU'imas  has 
bra-n  performed  by  the  Sinclair  Radio 
Laboratories. 

I’he  (U'sign  ol  the  anlenn.is  for  the 
ionospheric'  soundc'r  recpiiic'd  wre 
spc'cial  eonsidc'iation.  Tlu'  Irc'cpu'ueic'S 


being  used  (2-12  Mc/s)  required 
that  a rather  long  antenna  be  em- 
ployed to  obtain  reasonable  efficiency. 
Design  considerations  indicated  that 
dipole  antennas  150  ft.  from  tip  to 
tip  would  be  necessary  to  enable  the 
transmitter  to  radiate  properly.  Even 
with  these  long  antennas  matching 
networks  would  be  neeessary  to  match 
the  antenna  over  the  frequency  sweep 
of  the  transmitter.  No  satellite 
launched  to  date  has  employed  an- 
tennas longer  than  about  20  ft.  Con- 
sequently these  long  antennas  consti- 
tuted a serious  design  problem.  It 
was  finally  decided  that  suitable  an- 
tennas could  be  manufactured  of  thin 
steel  ribbons  which  were  rolled  up 
somewhat  like  a carpenter’s  rule  and 
ejected  with  an  electric  motor  after 
the  satellite  was  in  orbit  above  the 
atmosphere.  Fortunately  the  National 
Research  Council  had  done  consider- 
able development  on  antenna  masts 
of  this  type  some  years  before  and 
their  experience  was  available,  al- 
though their  masts  were  limited  to 
about  25  ft.  in  length.  The  antenna 
will  consist  of  a 4 in.  wide  strip  of 
spring  steel  0.004  in.  thick.  The  an- 
tenna is  formed  and  annealed  into  a 
circular  section  with  an  overlapping 
open  seam.  When  stored  inside  the 
satellite  this  steel  ribbon  is  wound 
flat  on  a spool.  When  the  antenna  is 
ejected  the  tube  passes  through  a 
fibreglass  transition  die  which  allows 
the  tube  to  spring  back  into  a circular 
shape.  The  result  is  that  the  150  ft. 
dipole  is  formed  of  two  73y2  ft.  steel 
tapes  which  have  a fair  amount  of 
rigidity.  Fig.  4 shows  one  of  these 
tape  antennas  partly  ejected.  In  order 


to  eject  the  steel  ribbon  it  is  necessary 
to  pull  it  out  with  a strip  of  mylar 
tape  wound  together  with  the  steel 
ribbon.  Attempting  to  push  out  the 
steel  tape  results  in  binding. 

To  ease  the  antenna  electrical 
matching  problem  there  will  be  two 
dipoles  constructed  of  the  steel  tape, 
one  150  ft.  tip  to  tip  and  the  other 
75  ft.  tip  to  tip.  The  longer  antenna 
will  cover  the  lower  frequency  band 
(1.8-4  Mc/s)  and  the  shorter  75  ft. 
antenna  will  cover  the  higher  fre- 
quency band  (4-11.5  Mc/s).  These 
two  dipole  antennas  are  mounted  at 
right  angles  to  each  other  in  the  cen- 
tral plane  of  the  satellite  package.  To 
test  the  sounding  anteimas  a qualifica- 
tion experiment  was  performed  in 
which  they  were  ejected  from  a 
rocket  above  the  atmosphere  and  their 
behaviour  measured.  This  experiment 
will  be  described  more  fully  below. 

At  one  end  of  the  satellite,  whip 
antennas  will  be  mounted  for  the 
telemeti'y  transmitter,  command  re- 
ceiver and  the  beacon  transmitter. 
Since  these  services  operate  on  fre- 
quencies above  100  Mc/s  the  antennas 
are  short  and  do  not  present  any 
particular  problem  except  that  of 
assuring  as  wide  angle  coverage  as 
possible. 

Since  the  payload  is  expected  to 
operate  for  one  year,  it  is  necessary 
to  charge  the  nickel  cadmium  bat- 
teries with  energy  obtained  from  solar 
cells  on  the  satellite  surface.  Six 
thousand,  four  hundred-eighty  (6,- 
480)  solar  cells  arranged  in  144  series 
groupings  of  45  cells  each  pro\ide 
the  charging  power  for  four  separate 
12  battery  Ni-Cd  battery  supplies. 


Fig.  3. 
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Solar  cells  with  a basic  conversion 
efficiency  of  9%,  operating  at  a tem- 
perature of  0°C  and  in  the  arrange- 
ment shown  (aspect  ratio  4.25)  sup- 
ply 22  watts  of  electrical  energy  to 
the  batteries.  This  allows  for  such 
factors  as  micrometeorite  damage, 
transmission  losses  and  a safety  mai'- 


known,  it  has  been  decided  that  more 
power  must  be  used  in  the  ion- 
ospheric sounding  transmitter  than 
may  be  necessary  to  get  satisfactory 
data  from  above  the  ionosphere.  It  is 
felt  that  the  transmitter  must  produce 
200  watts  pulse  power  with  100  fxsec 
pulses  67  times  per  second.  At  first 
it  was  feared  that  a vacuum  tube 
would  have  to  be  used  in  the  power 
amplifier  due  to  problems  of  imped- 
ance matching  with  the  antenna  net- 
work. However  it  was  possible  to 
design  a high  power  all  transistor 
amplifier  to  meet  the  specifications. 
This  avoided  the  high  power  dissipa- 
tion in  the  tube  heater  and  the  high 


gin. 

One  of  the  four  battery  supplies  is 
to  pro\4de  power  for  most  of  the  con- 
tinuously operating  circuitry.  The  re- 
maining three  are  to  operate  the 
commanded  part  of  the  instrumenta- 
tion. These  three  supplies  ha\’e  ca- 
pacities proportionally  much  larger 
than  necessary  when  considered  in 
the  light  of  charging  power  per  orbit. 
This  excess  capacity  will  be  used  to 
supply  anticipated  sounding  power 
for  the  greater  part  of  three  succes- 
sive orbits,  recharging  then  taking 
place  over  the  remaining  orbits.  Con- 
struction techniques  developed  for 
presently  orbiting  satellites  will  gen- 
erally be  used  in  all  phases  of  the 
power  source  construction.  However, 
thicker  (0.012  in.)  than  average  solar 
cell  cover  glasses  are  being  used  to 
protect  against  higher  energy  elec- 
tron damage  from  the  lower  \'an 
Allen  radiation  belt. 

It  was  hoped  that  all  the  electron- 
ics in  the  payload  would  be  solid 
state  circuitry  and  contain  no  vacuum 
tubes.  This  is  very  desirable  from  a 
reliability  and  conservation  of  power 
point  of  view.  However  since  there 
are  design  factors  which  invoh'e  par- 
ameters about  which  very  little  is 


Fig.  5. 


Fig.  4. 


anode  voltages  necessary  in  a tube 
final  amplifier.  The  final  result  ap- 
pears to  be  a very  reliable  ionospheric 
sounder.  A general  block  diagram  of 
the  ionospheric  sounder  is  shown  in 
Fig.  5. 

Data  from  the  satellite  will  be  tele- 
metered to  the  ground  station  on 
a wideband  frequency  modulated 
(FM)  link  operating  at  136  Mc/s. 
The  telemetry  transmitter  in  the  satel- 
lite will  radiate  2 watts  of  power 
which  should  allow  a range  of  2,000 
miles  when  the  ground  station  uses 
an  antenna  wdtli  a 19  db  gain.  Fig. 
6 shows  the  block  diagram  of  the 
telemetry  and  command  equipment. 

The  component  parts  and  finally 
the  whole  satellite  package  will  be 
carefully  tested  for  the  launching 
stresses  and  for  space  environment.  A 
large  en^’ironmental  chamber  which 
will  hold  the  satellite  and  allow  evac- 
uation to  1 X 10'^  mm.  of  mercury  will 
be  used  to  check  out  the  satellite 
package.  Simulated  sunlight  from  arc 
lamps  will  be  radiated  through  cpiartz 
windows  into  the  chamber.  The  walls 
of  the  chamber  are  refrigerated  and 
infra-red  lamps  are  mounted  in  a 
ring  around  the  satellite  package  with- 
in the  chamber.  With  these  facilities 
the  satellite  can  be  tested  under  space 
environment  conditions  and  can  be 
“soaked”  under  high  vacuum  for 
weeks  in  order  to  degas  the  package 
to  a reasonable  extent  and  tuni  up 
any  weaknesses  in  the  components  or 
materials. 

A first  order  theiinal  design  of  the 
package  has  been  completed.  As  men- 
tioned above,  for  maximum  efficiency 
the  solar  cells  on  the  surface  of  the 
package  must  be  kept  as  cool  as  pos- 
sible. On  the  other  hand,  electronic 
instrumentation  and  batteries  in  the 
interior  of  the  package  must  be  kept 
at  near  room  temperature.  At  times 
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Fig.  6.  Dr.  Molozzi  holds  DRTE  receiver  and  antennas  used  on  the  Transit  2A 
Satellite. 


the  satellite  will  be  in  full  sunlight 
and  unless  properly  designed  would 
certainly  become  too  warm.  Thermal 
insulation  between  the  inner  package 
and  outer  shell  will  be  obtained  by 
use  of  fibreglass-paper  interleaved 
with  Vz  mil  aluminized  mylar.  Com- 
putations based  on  a 30  watt  on- 
off  duty  cycle  giving  10  watts  aver- 
age power  were  used  in  the  thermal 
design.  Fortunately  the  time  of  launch 
allows  a certain  amount  of  control 
concerning  the  length  of  time  before 
the  satellite  will  be  in  full  sunlight. 
Fig.  7 indicates  the  result  of  com- 
putations on  the  theiTnal  design  and 
estimated  temperatures  of  the  pack- 
age. These  have  been  compared  with 
satellites  already  in  orbit  and  have 
been  found  to  be  of  the  right  order 
of  magnitude. 

Special  Experiments  to  Test  the  Design 
of  the  Satellite 

As  mentioned  above  it  was  felt  that 
the  long  sounding  antennas  should  be 
subjected  to  a qualification  test  under 
space  environment  conditions.  Conse- 
quently, two  TGVz  ft.  sounding  anten- 
nas were  launched  in  a Javelin 
rocket  and  ejected  above  the  atmos- 
phere. The  aim  of  the  test  was 
to  check  the  antennas’  mechanical, 
structural  and  electrical  properties 
under  actual  flight  conditions.  The 
experiment  was  designed  to  provide 
a dynamic  environment  as  nearly  as 
possible  identical  to  that  the  antennas 
would  encounter  in  the  satellite.  This 
loading  with  its  transient  bending 
moments  would  be  extremely  difficult 
to  reproduce  in  a ground  test.  How- 
ever the  rocket  did  not  despin  as 
expected  to  about  330  r.p.m.,  but 
dcspun  to  a much  lower  rate  of  spin 


quite  suddenly,  subjecting  the  anten- 
nas to  a much  more  violent  stress 
than  had  been  planned.  Even  so  the 
test  was  a success,  one  antenna  rod 
extended  to  its  full  7312  ft.;  and  the 
other  to  about  5.5  ft.  Although  one 
antenna  rod  jammed,  the  dipole 
antenna  would  have  operated  reason- 
ably efficiently.  Corrective  design  has 
been  applied  to  the  antenna  units, 
and  it  is  felt  that  the  antennas  in  the 
satellite  will  operate  satisfactorily. 

Early  in  the  system  design  of  the 
Topside  Sounder  it  was  realized  that 
an  accurate  determination  of  cosmic 
noise  power  level  at  an  altitude  of 
about  600  miles  was  very  desirable. 

Through  the  goodwill  of  the  Ap- 
plied Physics  Laboratory  of  John  Hop- 
kins Uni\'ersity  DRTE  was  given  an 


opportunity  to  install  suitable  measur- 
ing equipment  in  their  Transit  2A 
satellite  placed  into  a .500  mile  orbit 
in  June  1960.  Accordingly  a single 
frequency  receiver  and  a pair  of  fer- 
rite loop  antennas  were  designed  and 
constructed  at  DRTE.  The  receiver 
operated  at  3.8  Mc/s  and  included 
calibrating  circuits.  Automatic  gain 
conti'ol  voltage  with  a time  constant 
of  0.1  sec.  was  used  as  a measure 
of  cosmic  noise  level.  The  antennas 
became  part  of  the  Transit  2A  despin 
weights  and  the  Canadian  e.xperiment 
was  designed  to  be  completed  in  the 
first  fi\'e  to  seven  days.  Fig  8 shows 
the  APL  satellite  before  launch. 

Excellent  telemetry  records  were 
obtained  from  the  Blossom  Point, 
Maryland  and  the  DRTE  Ottawa  sta- 


Fig.  7.  Pulsed  system  for  top-side  sounder. 
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tion.  Good  records  were  also  obtained 
from  some  other  Minitrack  stations. 
Fig.  9 shows  the  ti'acking  antenna 
used  for  the  Transit  2A  experiment  at 
Ottawa.  The  noise  at  3.8  Mc/s  as 
measured  in  the  northern  hemisphere 
indicated  approximately  V2  ^uvolt/ 
meter  equivalent  broadside  polarized 
field  strength  in  40  kc/s  bandwidth 
or  approximately  10®°K  brightness 
temperature.  There  was  no  indication 
of  variation  between  day  and  night 
passes.  On  the  other  hand  Woomera, 
Australia  results  showed  variation  of 
3 db  with  the  high  value  being  6 db 
above  the  northern  hemisphere  value. 
Santiago,  Chile,  for  which  only  one 
record  of  poor  quality  was  received, 
showed  no  such  increase.  At  present 
an  explanation  is  still  being  sought 


and  the  ionospheric  data  may  shed 
some  light  on  this  interesting  result. 

The  error  in  the  above  readings  is 
+ 1 to  — 5 db.  The  eiTor  is  of  this 
form  because  the  DRTE  receiver 
operated  near  the  limits  of  its  sensi- 
tivity where  increases  would  be  evi- 
dent but  decreases  are  buried  in  re- 
ceiver noise.  However  this  experiment 
has  indicated  that  the  cosmic  noise 
level  is  no  greater  (perhaps  a few  db 
less)  than  that  predicted  by  the  Na- 
tional Bureau  of  Standards  in  the 
U.S.A. 

This  measurement  of  galactic  noise 
from  a satellite  was  the  first  ever  per- 
formed anywhere  and  provided  very 
useful  design  data  for  the  Topside 
Sounder  satellite. 


There  do  not  appear  to  be  any 
problems  remaining  which  cannot  be 
lems  remaining  which  cannot  be 
solved.  Four  satellite  packages  are 
being  constmeted,  two  for  testing  and 
two  which  will  be  complete  flight 
models.  One  of  the  latter  will  be 
used  for  launch  in  1962,  the  other 
being  the  required  ‘back-up’.  There  is 
no  doubt  that  satellites  will  play  an 
ever-increasing  part  in  scientific  in- 
vestigations in  the  upper  atmosphere 
and  later  for  communications  and 
other  important  uses.  The  experience 
gained  in  the  Topside  Sounder  pro- 
gram will  be  very  valuable  to  the 
Defence  Research  Board  and  to  Can- 
ada. The  scientific  information  ob- 
tained will  certainly  help  in  gaining 
an  understanding  of  communications 
problems  in  the  north  country. 
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The  trend  towards  centralized 
control  and  automatic  operation 
of  steam  power  plants  began  about  10 
or  15  years  ago,  when  the  “unit”  ar- 
rangement generally  replaced  the 
“header”  type  of  plant. 

Arrangement  of  Controls 

Most  of  the  stations  built  in  the 
early  1950’s,  including  the  J.  Clark 
Keith  and  original  R.  L.  Hearn  sta- 
tions of  the  H.E.P.C.,  were  designed 
on  a unit  basis  with  the  boiler  and 
turbine  control  panels  for  each  unit 
located  on  the  operating  floor  near 
the  turbines.  Although  the  manual- 
auto  controls  were  arranged  on  the 
control  panels  or  benches,  most  oper- 
ating functions  such  as  starting  pumps 
and  inserting  burners  were  performed 
locally. 

The  next  development  consisted  of 
the  addition  of  enclosed  control 
rooms,  in  which  were  located  the  in- 
strument and  control  panels  for  two 
or  more  units  or  for  the  entire  station. 
The  Brandon  .station  of  The  Manitoba 
Hydro-Electric  Board  is  a typical 
example  of  this  arrangement.  'J’his  is 
a 4-unit  plant  with  a central  control 
room  located  between  Units  2 and  3. 
'I'he  control  room  houses  all  the  neces- 
sary instruments  and  controls  for  the 
normal  steady  load  operation  of  the 
entire  station,  with  the  exception  of 
sneh  accessories  as  water  treating  and 
eoal  handling.  Although  it  is  not  pos- 
sible* to  start  tlu'  boik'is  or  turbines 
Ironi  th('  eentral  eontrol  room,  snffiei- 
ent  instmuK'iits  and  nuains  of  eom- 
innnieation  are  provided  to  permit  the 
elire'C'tion  of  all  ope'rations  which  must 
b(>  jK'rfonm'd  locally  during  startup 
or  othc'r  transient  eonditions. 

In  more  recent  \'ears  tlu*  tre'iid  has 
Ix'cn  towards  eomidete  centrali/.c'd 
operation,  and  tlu*  Saint  jolm  i)lant 
ol  Tht'  Ne'w  Brnnswii'k  Islcctrie 
Bower  (-ommi.ssion  is  an  ('xamplt'  ol 
(his  t\p('  of  installation.  This  jdant 
is  dcsigiu'd  lor  two-shilt  operation 


and  all  the  instruments  and  con- 
trols necessary  for  the  operation  of 
the  plant  in  this  fashion  are  located 
in  the  central  control  room.  This  in- 
cludes the  controls  for  firing  the 
boiler,  starting  and  stopping  the  tur- 
bine, and  for  the  operation  of  all 
motors  and  iauxiliaries.  Incidentally, 
the  term  “central  control  room”  is  not 
strictly  correct  in  this  case,  since  this 
room  is  located  in  the  administration 
section,  which  will  be  at  one  end  of 
the  plant  when  all  the  units  are  in- 
stalled. 

The  most  advanced  development 
towards  centralized  control  and  auto- 
matic operation  is  evident  in  some  of 
the  large  American  steam  power 
plants  such  as  the  Little  Gypsy  plant 
of  the  Louisiana  Power  & Light  Com- 
pany, and  the  Huntington  Beach  plant 
of  the  California  Edison  Company. 
These  plants  include  completely  cen- 
tralized instruments  and  controls  and 
digital  computers  to  supervise  and 
direct  all  operation  in  accordance  with 
preset  programs.  To  the  best  of  our 
knowledge  these  plants  are  not  oper- 
ating on  a fully  automatic  basis  as 
yet,  but  more  and  more  operating 
functions  are  being  turned  over  to 
the  computers  as  the  programs  arc 
perfected  and  proved. 

Càintrol  Hardware 

The  development  of  tlu*  central 
control  room  t>  p(*  of  plant  would  not 
have  been  possible  without  the  availa- 
bility  of  imenmatie  and  electric  trans- 
mitters, and  of  eom|)aet  instruments 
and  controls.  Tlu*  use*  of  transmitters 
provick'd  the  designer  with  almost  nn- 
limited  frecHlom  in  locating  tin*  vari- 
ous eontrol  eompoiu'nts,  and  the  more 
compact  ('(inipnu'iit  facilitatr'd  the 
grouping  of  tlu*  lu'i'c.ssaiA  instruments 
and  controls  within  tlu-  limited  eon- 
liiu's  of  a eontrol  room  and  within 
eonvenii'iit  re.ich  of  an  oper.itor, 

.\s  .uiditional  eontrol  Innetions  arc* 
centralized,  the  amount  ol  inlonna- 


tion  required  increases  and  the  pro- 
vision of  sufficient  convenient  panel 
space  is  an  ever  present  problem.  In 
the  Saint  John  plant  most  of  the  re- 
corders and  some  of  the  indicators 
have  been  replaced  by  data-logging 
equipment.  As  w'ell  as  saving  valuable 
space  the  data  logger  relieves  the 
operators  of  the  necessity  of  manu- 
ally logging  operating  data. 

La  recent  years  both  analog  and 
digital  computers  have  become  avail- 
able for  pow'er  plant  use.  Analog 
computers  can  be  used  to  optimize  the 
operation  of  conventional  automatic 
controls  and  to  reduce  data  to  a read- 
ily understood  fonm  for  operator 
guidance.  Digital  computers  can  per- 
foiTn  the  same  functions  and,  in  addi- 
tion, can  be  used  to  program  or 
monitor  sequential  operations. 

There  are  many  adx'antages  to  be 
gained  through  the  use  of  automatic 
control,  but  the  main  one  is  safety. 
The  abilit>'  of  the  computer  to  moni- 
tor, absorb,  and  digest  information 
is  almost  unlimited  and,  assuming  that 
the  unit  is  correcth'  programmed,  in 
case  of  emergency  appropriate  action 
will  be  taken  immediateh'.  The  only 
limitation  is  the  ability  of  the  opera- 
tion and  design  engineers  to  foresee 
all  eventualities,  since  once  a problem 
is  recognizc'd  an  optimum  program 
can  be  developed  for  its  .solution.  In 
contrast  to  this,  manually-operated 
plants  depend  on  the  abilitv'  of  one 
operator,  under  stress,  to  re.ul  and 
interpret  instrnments  and.  baseil  on 
his  own  ('xperienee  and  knowleilge. 
to  take  the  light  .letion. 

It  shoulil  also  be  noted  th.it  the 
point  has  Ix'i'u  reaeluxl  where  h.ud- 
ware  is  a\ail.ible  to  perform  almost 
anv  eontrol  or  oper.itional  lunetion 
which  eonUl  po.ssibb'  lx-  required  in 
a steam  power  plant.  I'he  designers 
main  problem  is  in  tUviiling  what 
opi'i.itions  mnst  be  iierlormed  and 
what  ecpiipment  to  nse  (<>  ('usnn 
maximum  n li.ibilitx  and  eovmonn 
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Centralized  Control 

We  agree  with  the  trend  towards 
centralized  control,  but  based  on 
recent  experience  we  would  suggest 
the  following  points  for  considera- 
tion when  designing  a steam  power 
plant  for  centralized  operation: 

(a)  The  design  of  the  equipment 
should  be  reviewed  to  ensure  its 
suitability  for  remote  control  to  eli- 
minate all  nonessential  control  func- 
tions. 

(b)  Manual  controls  should  be 
eliminated  or  simplified  wherever  pos- 
sible through  the  acceptance  of  auto- 
matic controls. 

(c)  The  infonnation  provided  in 
the  central  control  room  should  be  in 
its  most  useful  form. 

The  suggestion  regarding  the  re- 
view of  major  equipment  recognizes 
that  the  designers  of  boilers,  turbine- 
generators,  and  steam  power  plant 
au.xiliaries  desei-ve  credit  for  the  reli- 
ability and  efficiency  of  the  equip- 
ment that  they  produce.  However, 
some  of  the  development  took  place 
before  the  importance  of  centralized 
control  was  fully  realized,  and  the 
problem  of  remote  control  has  been 
solved  by  the  addition  of  control 
di'ives  of  various  tyjies  to  replace 
manual  operations. 

Some  functions  which  were  reason- 
able when  manually  pei'fornied  by  an 
operator  standing  near  the  equipment 
become  complicated  and  expensive 
when  performed  by  motors,  cylinders, 
diaphragms,  or  solenoids.  A few 
examples  of  some  of  the  centralized 
control  iDroblems  encountered  in  the 
design  of  the  Saint  John  plant  are 
outlined  hereunder. 

(1)  Boiler  vents  and  drains  — 
The  boiler  is  provided  with  numerous 
small  vent  and  drain  connections  on 
the  steam  drum,  superheater  headers, 
economizer  headers,  etc.  Most  of 
these  valves  are  required  only  for 
maintenance  or  for  cold  startup  after 
a long  shutdown,  and  a few  are  re- 
quired during  a startup  following  a 
normal  weekend  or  overnight  shut- 
down. In  this  case  since  remote  con- 
trol of  startup  operation  is  required 
after  a short  shutdown  only,  it  was 
necessary  to  motorize  only  five  vent 
and  drain  valves.  However,  this  still 
represents  an  appreciable  investment 
and,  if  the  plant  had  been  designed 
for  fully  centralized  control,  it  is  ap- 
parent that  the  number  of  valves  re- 
quiring remote  operation  would  have 
been  much  larger. 

(2)  Turbine  loop  pipe  drains  — 
The  turbine  is  arranged  with  four 
loop  pipes  between  the  turbine 
valves  and  the  steam  chest.  During 
startup,  all  of  these  loop  pipes  and 


the  steam  chest  must  be  carefully 
drained  to  avoid  any  possibility  of 
condensate  admission  to  the  turbine. 
In  the  past,  locally  controlled  turbines 
of  this  type  were  provided  with  valve 
tables  from  which  were  controlled 
master  and  martyr  valves  for  each 
of  these  drain  points.  However,  in 
this  case  the  provision  of  motor  opera- 
tors for  the  control  of  all  these  valves 
did  not  appear  reasonable,  and  only 
one  valve  per  drain  was  motorized. 
The  suitability  of  this  arrangement 
will  be  proven  by  experience,  but  tur- 
bine modifications  to  simplify  the 
drains  problem  should  certainly  be 
considered. 

(3)  Boiler  secondary  air  regis- 
ters — The  Combustion  Engineering- 
Superheater  boilers  are  provided  with 
secondaiy  air  registers  at  each  burner. 
In  the  case  of  the  Saint  John  boiler, 
the  operation  of  these  registers  re- 
quired 28  electric  motors  controlled 
through  seven  multi-position  manual 
control  switches.  Some  large  boilers 
require  as  many  as  88  air  register 
motors.  Although  there  is  no  doubt 
with  regard  to  the  efficiency  of  the 
burners,  the  possibility  of  reducing 
the  numher  of  components  and  con- 
trols deserves  consideration. 

(4)  Turbine  barring  gear  — The 
remote  operation  of  the  turbine  bar- 
ring gear  required  extensive  redesign 
of  this  equipment  and  the  develop- 
ment of  instruments  to  indicate  the 
turbine  speed  in  the  very  low  ranges, 
including  positive  indication  that  the 
turbine  is  stopped. 

(5)  Condenser  air  ejectors  — The 
conventional  two-stage,  twin-element 
air  ejector  provides  an  example  of 
equipment  which  does  not  lend  itself 
to  remote  operation.  In  the  first  x)lace, 
in  order  to  utilize  the  inherent  flexi- 
bility of  the  equipment,  remote  con- 
trol of  four  steam  valves  and  four  air 
valves  must  be  provided.  Secondly, 
due  to  the  provision  of  common  inter- 
and  after-condensers,  the  operation 
must  be  carefully  sequenced  and  in- 
terlocks provided  to  avoid  loss  of 
vacuum  or  dangerous  excessive  pres- 
sures. 

The  use  of  separate  single-element 
air  ejectors  or  vacuum  pumps,  al- 
though possibly  more  expensive, 
should  certainly  be  considered. 

The  second  recommendation  con- 
cerns elimination  of  manual  controls 
by  the  acceptance  of  automatic  or 
semi-automatic  control  loops.  It 
should  be  realized  that  it  is  not  pos- 
sible to  operate  a modern  steam 
power  plant  designed  for  centralized 
control  if  the  remote  or  automatic 
controls  are  not  operative.  The 
manual  controls  are  supplemental 
to  the  automatic  controls,  and 


are  intended  for  use  only  during 
transient  conditions  when  normal 
automatic  control  is  not  always  prac- 
tical, not  as  standby  equipment.  For 
example,  during  startup  of  a boiler  it 
may  be  desirable  to  provide  manual 
control  of  combustion  air  flow.  This 
should  not  be  construed  to  mean  that 
the  operator  must  be  provided  with 
separate  manual  controllers  which  by- 
pass all  the  automatic  control  ele- 
ments and  provide  individual  control 
of  the  dampers  and  variable  speed 
couplings  of  each  fan.  A single 
manual-auto  selector  with  set  point 
control  calibrated  in  relative  units 
would  be  far  more  useful  to  the 
operator  and  would  take  up  much  less 
panel  space. 

Similarly,  providing  manual  con- 
trol for  the  fans  nonnally  controlled 
by  a fully  automatic  and  reliable 
furnace  draft  controller  is  an  un- 
necessary complication. 

The  same  principle  applies  to  such 
things  as  heater  hotwell  and  deaerator 
level  controls.  The  addition  of  control 
loops  or  sequentially  programmed 
operations  should  be  used  to  re- 
place as  many  manual  operations  as 
possible.  Considerable  work  has  al- 
ready been  done  in  this  direction,  as 
is  evidenced  by  soot  blower  and 
burner  controls  which  utilize  exten- 
sive sequential  control  systems. 

The  third  recommendation  con- 
cerns the  provision  of  useful  informa- 
tion. It  is  essential  that  the  informa- 
tion available  to  the  operator  be  in 
the  most  concise  form  possible.  For 
example,  it  may  be  desirable  to  use 
the  gas  pressure  drop  across  the 
boiler  air  heater  as  an  indication  of 
relative  cleanliness  of  the  air  heater 
as  a guide  in  programming  soot 
blowing  operations.  An  instrument  in- 
dicating the  gas  pressure  or  draft  at 
the  inlet  and  outlet  of  the  air  heater 
can  be  used  for  this  purpose.  How- 
ever, this  requires  the  mental  sub- 
traction of  two  readings  (and  the 
scales  are  probably  different),  the 
comparison  of  the  difference  with  an 
indication  of  load  or  gas  flow,  and 
making  the  necessary  corrections  for 
nonlinearity.  A far  more  useful  in- 
strument would  be  one  which  indic- 
ates the  deviation  from  the  expected 
pressure  drop  at  the  operating  load. 
Such  instruments  can  be  made  up 
from  available  components  and,  in 
the  Saint  John  plant,  this  is  ac- 
complished with  two  pneumatic  dif- 
ferential pressure  transmitters  for  the 
air  and  gas  pressure  drops  across  the 
air  heater,  a computing  relay,  and  an 
indicator  which  indicates  the  pressure 
drop  coefficient.  Both  the  existence 
and  the  degree  of  fouling  of  the  air 
heater  can  be  assessed  at  a glance. 
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Similar  instruments  can  be  pro- 
vided for  boiler  draft  loss  and  dust 
collector  draft  loss  indication.  These 
can  all  be  operated  in  conjunction 
with  the  air  pressure  drop  across  the 
air  heater  or  whatever  means  are 
used  for  measuing  the  air  flow. 

Feedwater  heaters  also  lend  them- 
selves to  the  application  of  instru- 
ments to  indicate  directly  the  per- 
fomance  of  the  equipment.  In  gen- 
eral the  perfonuance  guarantee  for 
feedwater  heaters  is  based  on  the 
terminal  temperature  difference;  that 
is  to  say,  the  difference  between  the 
saturation  temperature  of  the  steam 
entering  the  heater  and  the  temper- 
ature of  the  feedwater  leaving  the 
heater.  It  is  possible  to  determine  the 
TTD  from  the  steam  pressure  and 
water  temperature.  However,  since 
the  variations  are  of  the  order  of  one 
or  two  degrees,  conventional  instru- 
ments are  not  normally  sufficiently 
accurate.  An  instrument  arranged  to 
measure  the  difference  in  tempera- 
ture directly,  through  the  use  of  two 
resistance  elements  or  thennocouples 
in  the  same  circuit,  would  be  far 
more  accurate  and  would  provide  a 
reading  of  instantaneous  value  to  the 
operator. 

This  principle  of  selection  of  the 
infonnation  to  ensure  its  optimum 
use  should  be  applied  to  indicators, 
recorders,  and  data  loggers  where 
such  are  used. 

In  the  past  the  use  of  digital  com- 
puters has  been  considered  primarily 
as  part  of  automatic  operation  of 
steam  power  plants.  However,  digital 
computers  are  now  available  which,  in 
our  opinion,  could  be  used  advanta- 
geously in  conjunction  with  normal 
centralized  controls.  These  computers 
could  provide  the  following  opera- 
tions: 

(1)  Perform  computations  not 
readily  adaptable  to  analog  units  to 
reduce  information  to  its  most  sig- 
nilicant  foiTn. 

(2)  Program  seciucntial  opera- 
tions in  accordance  with  prc.set  rou- 
tine.s,  eliminating  nnmerous  inter- 
locks and  other  eleetro-mc'c-hanical 
device's. 

(3)  Program  and  correlate  tlie 
operation  ol  tlie  scanning  and  an- 
nnneiator  s\'st('ms. 

( I)  Provide  a memory  to  permit 
llu'  determination  of  trends  lor  log- 
ging or  annnneiation  purposes. 

I’erformimee  Monilorinn 

I’erlormanee  monitoring  is  a spc'ci- 
ali/.ed  phase'  ol  inslrnmentation  ele- 
signeel  to  proside  inlorm.ilion  on  tlie 
eipe'r.ilion  ol  ('e|nipmenl.  The  pur- 
pose' is  piimarils  to  dete'iinine 
wlu'the'r  the'  e)pi'rating  e'llieic'nes  is 


as  good  as  can  be  expected  under 
prevailing  conditions,  in  order  to 
reduce  fuel  costs  and  anticipate  equip- 
ment failures. 

In  the  case  of  gas-  or  oil-fired 
boilers  it  is  possible  to  measure  the 
heat  input  and  power  output  directly, 
and  thereby  caleulate  a unit  heat 
rate  which,  with  due  allowances  for 
deviation  from  standard  conditions, 
can  be  compared  to  an  expected  heat 
rate. 

This  arrangement  is  relatively 
simple,  adaptable  to  both  analog  and 
digitol  manipulation  and  provides 
excellent  information  for  operational 
guidance  and  for  establishing  starting- 
up  and  other  procedures.  However,  as 
a means  of  monitoring  equipment  per- 
formance, this  method  does  have  some 
limitations. 

(1)  It  does  not  provide  any 
information  regarding  the  cause  oi 
any  deviation  from  the  expected  per- 
formance. 

(2)  The  accuracy  or  the  repeata- 
bility of  conventional  fuel  flow  metej’s 
and  wattmeters  is  not  sufficient  to 
permit  the  results  to  be  as  useful  as 
might  be  expected. 

(3)  Malfunctions  which  do  not 
appreciably  affect  the  unit  efficiency, 
but  which  may  lead  to  equipment 
damage,  are  not  detected. 

In  the  case  of  boilers  operated  with 
coal,  it  is  not  possible  to  measure  the 
fuel  input  with  sufficient  accuracy 
to  even  attempt  an  input-output 
balance  method  of  perfoinaance  moni- 
toring. For  these  installations  it  has 
been  proposed  to  use  monitoring 
ing  schemes  comparable  with  boiler 
and  turbine  testing  procedures.  The 
boiler  efficiency  is  evaluated  by  the 
loss  method,  using  a combination  of 
measured  values,  fuel  analysis  data, 
and  boiler  design  data.  The  turbine 
cycle  heat  rate  is  evaluated  by  the 
input-output  balance  method,  using 
measurements  of  steam  and  feedwater 
How  and  enthalpy,  and  power  output 
nu'asurements. 

'I'liis  systc'in,  although  it  does  of 
necessity  sc'parate  tlie  boiler  and  tnr- 
biiu',  is  subji'ct  to  tlu'  .same  limitations 
as  tlu'  diii'et  ineasmeinent  nu'thod 
prev  iously  dc'seribed. 

In  onr  opinion  tlu'  pi'ilonn.ince  of 
a unit  as  a whole  can  bi'sl  ln'  <'v.ilua- 
ted  as  a Innetion  ol  the  pt'rform.mee 
ol  the  varions  indivithial  components. 
pK'h'i.dily  in  eonjniulion  with  .i  unit 
pi'ilormanei'  nu'asiiring  seheme  ,is 
di'seribi'd  .ihov('.  This  approar'h  to 
perlormanee  monitoring  h.is  sever. il 
ad\  ant.iges. 

(n  liulividnal  ('qin'iiment  m.il- 
oper.itions  which  might  hi'  nndeteel- 
able  Irom  v.ni.itions  in  unit  iverlorm- 


ance  are  usually  readily  identified. 

(2)  When  maloperations  are  de- 
tected, sufficient  information  is  usu- 
ally available  to  locate  and  evaluate 
the  problem.  This  permits  the  opera- 
tor to  decide  whether  remedial  action 
is  required  immediately  or  whether  it 
can  be  postponed  until  a more  con- 
venient time. 

(3)  Sufficient  information  is  pro- 
vided for  accurate  efficiency  calcula- 
tions, should  these  be  required. 

It  might  be  argued  that  perform- 
ance variations  which  cannot  be  de- 
tected as  changes  in  the  unit  heat 
rate  are  insignificant.  In  our  opinion 
this  is  a fallacy,  since  no  one  expects 
to  measure  the  unit  heat  rate  to  a 
fraction  of  a percent,  and  yet  that  por- 
tion of  the  annual  fuel  cost  of  a steam 
power  plant  could  be  a very  signific- 
ant item. 


Automatic  Operation 

As  mentioned  earlier,  steam  power 
plants  designed  for  automatic  opera- 
tion are  being  built  in  the  United 
States,  but  it  is  doubtful  that  such 
plants  can  be  justified  in  Canada  in 
the  immediate  future.  However,  most 
new  plants  in  Canada  wall  probably 
be  designed  for  completely  central- 
ized eontrol  and  performance  moni- 
toring w'ith  limited  application  of 
digital  manipulation.  This  araange- 
ment  will  provide  for  reasonable  ef- 
ficiency and  reliability  while  avoid- 
ing the  large  capital  cost  of  providing 
the  digital  computers  and  other  com- 
plications necessary  for  automatic 
operation. 
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Described  is  the  general  design  of  a plywood  plant,  including  the  type  of  buildings, 
steam  and  electrical  supply,  plant  arrangement  and  manufacturing  equipment  in- 
volved. In  addition,  notice  is  made  of  process  steps  with  which  this  engineering 

is  closely  related. 
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The  general  plant  design  of  a 
plywood  plant  is  relatively 
simple;  the  operation  and  plywood 
manufacturing  process  less  so.  Plants 
are  in  nearly  all  cases  single  story 
wide  aisle  timber  framed  structures 
with  concrete  floors  and  built  up  roofs. 
They  may  or  may  not  be  pile  sup- 
ported, depending  on  the  value  of 
the  soil.  In  most  cases,  however, 
lathes  'and  presses  in  the  areas  in 
which  I am  familiar  are  supported  on 
piles  on  account  of  the  load  and  the 
importance  of  a good  solid  founda- 
tion. The  earlier  plants  had  timber 
Howe  trusses  80  ft.  to  100  ft.  span 
which  were  replaced  in  later  designs 
by  timber  bowstring  trusses  and  now 
the  tendency  is  towards  glued  lamin- 
a'ted  beams  with  glued  laminated  col- 
umns. 

Electrical  distribution  is  at  incom- 
ing line  voltage  to  load  centers  where 
it  is  stepped  down  at  unit  substations 
to  440  volts.  Practically  all  equipment 
in  the  plants  with  which  I have  had 
experience  is  440  v.,  60  cy.  A.C.  Air 
compressors  are  a necessary  adjunct 
to  any  plywood  plant  as  the  demand 
for  compressed  air  is  insatiable  or  so 
it  seems.  Even  a small  plant  i.e.  one 
lathe  two  dryers  one  press  will  prob- 
ably have  two  compressors  located 
at  opirosite  ends  of  the  plant  each 
driven  with  a 75  hp.  motor  and  de- 
livering 350  cu.  ft.  air.  These  are 


usually  horizontal  type  with  inter- 
coolers, the  system  delivering  air  at 
100  lb.  Plants  always  seem  short  of 
air,  the  more  mechanical  devices  that 
are  added  the  shorter  the  supply.  The 
amount  of  air  that  is  used  in  cleaning 
up  and  blowing  down  equipment  is 
the  despair  of  an  owner.  Steam  in 
most  large  integrated  plants  is  sup- 
plied by  the  main  power  house,  in 
some,  the  plywood  plant  has  its  own 
power  house. 

Auxiliary  equipment  apart  from  the 
main  plywood  plant  but  forming  a 
necessary  part  of  the  operation  is  the 
knife  grinding  room  for  chipper 
knives,  lathe  knives,  clipper  knives 
etc.  Saws  may  be  filed  in  the  plant 
or  where  they  are  caiballoy  they  are 
sent  out  to  the  manufacturer  for 
sharpening  and  setting.  Veneer  chip- 
pers  and  core  chippers,  while  play- 
ing no  part  of  plywood  manufacture, 
are  a necessary  adjunct  to  the  plant 
where  chips  are  produced  from  the 
waste  'for  sale  to  others.  Quality  con- 
trol of  the  product  requires  a small 
laboratory  for  testing  and  evaluation, 
and  an  office  for  plant  administration, 
and  perhaps  a lunch  room  will  have 
to  be  provided. 

Plant  arrangement  should  receive 
a great  deal  of  attention  and  study. 
Not  only  must  the  various  pieces  of 
equipment  be  the  proper  selection  but 
the  location  within  the  plant  should 


be  such  that  material  can  be  readily 
transported  with  a minimum  of  effort. 
There  are  many  changes  now  taking 
place  in  the  plywood  business  and 
no  plant  should  be  designed  today 
wherein  the  designer  does  not  foresee 
and  provide  for  these  changes.  Loca- 
tion of  equipment  should  allow  for 
all  possible  latitude  for  making 
changes  and  areas  around  the  equip- 
ment should  not  be  crowded.  There 
is  much  which  cannot  be  foreseen 
but  there  is  much  which  can,  and 
where  possible  due  consideration  for 
such  should  be  given.  Balance  of  the 
plant  is  of  extreme  importance  and 
machinery  selection  must  be  'a  com- 
bined effort  of  designer,  operator  and 
owner.  Utmost  flexibility  must  be  ob- 
tained so  that  a varied  range  of 
plywood  products  can  be  manufac- 
tured to  suit  a changing  and  some- 
times fickle  market. 

Miscellaneous  Comment 

In  the  preparation  of  this  paper 
I found  several  problems.  One  is  that 
this  paper  must  be  worthy  of  presen- 
tation in  a national  engineering  soci- 
ety, it  must  not  be  too  technical  for 
those  unused  to  the  plywood  business, 
it  must  stress  the  engineering  phases 
and  yet  tell  something  about  'the 
manufacture  of  a rather  common 
product.  I will  try  and  tell  the  story 
in  such  a way  that  the  engineers 
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will  be  interested  and  plywood 
people  will  recognize  similarity  to 
a conventional  plant  manufacturing 
this  product.  A second  diflficulty  has 
presented  itself.  I find  it  is  necessary 
to  talk  in  terms  of  averages  and  use 
approximate  figures  on  several  occa- 
sions. Any  one  in  this  industry  will 
understand  the  reason.  There  are 
some  differences  in  Canadian  prac- 
tice and  that  south  of  the  line  which 
those  in  the  industry  will  understand. 
This  paper  concerns  itself  with 
Douglas  Fir  Plywood  only.  Problems 
encountered  with  other  species  will 
not  be  considered  at  this  time. 

I Lathe  & Peeling 

This  is  the  place  where  the  actual 
i work  on  the  block  begins  and  the 
: lathe  forms  one  of  the  most  important 
pieces  of  equipment  in  the  plywood 
I plant.  Lathes  come  in  various  sizes, 
i the  nominal  8 ft.  lathe,  the  longer  10 
ft.  lathe,  and  the  shorter  core  lathe 
perhaps  are  the  ones  most  commonly 
in  general  use.  The  lathe  is  important 
because  here  is  the  location  where 
‘ the  veneer  is  cut  to  thickness  and  a 
! variation  would  adversely  affect  the 
, profit  of  the  plant.  For  the  purpose 
of  this  paper  we  are  going  to  con- 
sider only  the  8 ft.  lathe  and  the 
; smaller  4 ft.  core  lathe. 

After  the  block  is  peeled  and  the 
clear  removed  the  knots  begin  to  show 
and  the  diameter  reduced  such  that 
excessive  deflection  is  developed  in 
the  block  under  the  action  of  the 
knife.  The  block  is  then  removed  from 
the  lathe.  Where  the  plant  has  a core 
lathe  installation,  the  block  is  cut  in 
two  and  the  4 ft.  pieces  are  further 
rc'duccd  on  the  core  lathe.  In  some 
modern  plants  the  tendency  has  been 
I to  eliminate  the  core  lathe  and  use  a 
I l)acking  bar  behind  the  block  on  the 
I big  lathe.  When  the  diameter  is  re- 
duced to  the  place  where  dcllcction 
is  noticeable  by  the  use  of  retractable 
chucks  on  the  lathe,  peeling  can  be 
carried  on  down  to  say  6 in.  diam. 
\\4iich  eliminates  the  ne(‘d  of  a core 
lalbe. 

The  block  length  for  a nominal  8 
ll.  lathe  with  a coia;  lathe  following 
must  ])('rmit  a lull  101  in.  jicc'!,  so 
lliat  when  the  block  is  cut  for  the  core' 
lallie,  lh(>  cor('  will  finish  bOVl*  in. 
Some  mills  cut  101  in.  pins  kc-rf  and 
provide  tlu^  blocks  so  as  to  dexa'lop 
this  length.  As  bucking  ol  tiu'  logs  is 
at  Ix'st  an  iiuu'eurate  operation,  the 
logs  are  cut  so  as  to  pi‘o\i(le  the 
blocks  foil  say  103  in.  'Hk'  latla-s  are 
pro\  idl'd  with  scoring  knixes  to  ac- 
enrately  trim  back  tlu'  .shei't  to  101 
m Plywood  plants  inti'grated  with 
lumber  mills  may  bavi'  dideri'nl  prae 


tices  as  the  logs  are,  in  ease  of  lumber 
mills,  brought  in  lumber  length  and 
are  not  bucked  specially  for  the  ply- 
wood plant.  Where  the  plywood  plant 
is  tied  in  with  a pulp  plant  and  there 
is  a sale  for  the  chips,  that  portion 
of  the  block  trimmed  off  by  the  scor- 
ing knives  on  the  end  of  the  cut, 
simply  drops  off  into  the  veneer  waste 
conveyor  headed  for  the  chipper 
where  it  is  reclaimed  as  pulp  chips. 

Our  practice  has  been  to  insist  on 
a knife  length  of  110  in.  minimum 
for  a nominal  8 ft.  lathe  to  provide 
maximum  flexibility.  There  are  some 
lathes  on  the  market  which  do  not 
provide  this  width.  Their  use  causes 
lack  of  flexibility  because  cutting 
blocks  with  any  exactitude  by  ordin- 
ary bucking  operations  is  difficult  to 
achieve.  Operators  usually  prefer  the 
ones  they  are  accustomed  to  bat  ex- 
perience has  shown  these  lathes  to  be 
pretty  much  equal  in  performance. 

Lathe  knives  are  changed  usually 
each  shift  or  every  eight  hours.  An 
8 ft.  lathe  operating  three  shifts  can 
produce  the  veneer  for  approximately 
6 million  ft.  % basis  plywood  per 
month.  This  will  require  two  dryers 
operating  three  shifts  and  one  dryer 
operating  two  shifts.  Two  20-opening 
presses  producing  plywood  normally 
marketed  with  an  average  mixture  of 
three,  five  and  seven  pl>'  stock  oper- 
ating three  shifts  will  balance  out  the 
plant.  Naturally  it  is  easy  to  see  that 
plant  balance  can  be  badly  disrupted 
with  as  many  variables  as  there  are 
in  plywood  manufacture  and  to  talk 
averages  reminds  one  of  the  man  who 
drowned  in  a river  of  1 foot  average 
depth.  Balance  is  important  when  de- 
signing a plant  and,  with  the  prob- 
lems inherent  in  this  business,  an 
engineer  has  to  just  do  the  best  he 
knows  how. 

In  peeling  on  the  coin  enlional  lathe 
the  block  is  carric'd  down  to  a 13  in. 
C'ore  with  large  blocks  using  a 12  in. 
chuck  and  down  to  1 I in.  core  with 
sinalK'r  blocks  using  a 10  in.  chuck. 
If  lots  ol  core  is  r('(|uir('d  tor  tlu- 
constructions  being  manufactured 
there'  is  li'ss  lu'c'd  to  go  to  the  10  in. 
cluK'k  as  tlu'  block  will  be  use'd  u]i 
in  llu'  core'  lallu'  anywax'.  Latlu'  sxx  ing 
comiuonly  used  is  81  in.  allhougb 
llu'ie'  are'  lallu's  maele'  from  00  in.  to 
I 10  in.  The'  eultiug  ae'tion  is  epiite 
simple'.  Ia)e'ate'el  imme'eliatelx  abetxe' 
tbi'  knile-  is  a brass  or  bronze'  mlle'i 
bar  running  in  a e'onlinuous  backup 
beMi'ing  xxalei'  Inbrie'ate'el.  The'  xe'tu'e'i 
e'ome'S  off  the'  log  be'txxe'e'U  the'  rolle'i 
b.ir  ami  the'  knile'.  \ lathe*  e-.m  pe'e'l 
4.30-20  in  to  .3t)  in.  eliam.  blen-ks  ]ie't 
shift  if  these'  aic  i>l  l.iir  epialitx-. 


Trays  and  Clippers 

The  veneer  after  peeling  on  the 
lathe  passes  to  the  trays  which  are 
moving  belts  running  at  the  periphal 
speed  of  the  block.  These  form  a 
holding  surge  bin  device  from  which 
the  veneer  is  draxvn  to  the  clippers. 
The  veneer  is  fed  to  the  trays  by  a 
tipple  which  automatically  or  manual- 
ly delivers  the  veneer  to  the  one 
xvhich  is  empty.  The  lathe  power  sup- 
ply may  for  example  be  a 1.50-17.5 
hp.  amplidyne  drive  and  the  tipple 
and  trays  are  geared  to  it  so  that  they 
move  at  the  periphal  speed  of  the 
block.  Where  there  is  a variation  from 
this  speed  the  veneer  is  either  tom 
or  bunches  up  in  the  trays.  There 
are  usually  eight  trays  about  150-160' 
ft  in  length  following  the  lathe,  four 
trays  feeding  each  clipper.  Clippers: 
are  usually  on  two  levels.  The  top 
cUpper  taking  the  veneer  from  the 
top  four  trays  and  the  bottom  clipper 
taking  the  veneer  from  the  bottom 
four  trays.  There  has  been  some  at- 
tempt to  increase  the  number  of  trays 
to  nine  and  use  three  clippers,  each 
fed  from  three  trays  but  this  practice 
is  uncommon.  Clipper  speed  with  txxu 
clippers  will  usually  run  about  100- 
125  linear  ft. /min.  depending  on  the 
quality  of  the  veneer;  xx’ith  three  chp- 
pers  it  xvill  be  2/3  this  speed.  Sloxx-er 
speed  at  the  clipper  should  give  the 
clipper  operator  a better  chance  to- 
be  more  accurate  in  clipping.  Hoxv- 
ever,  it  is  amazing  hoxx'  xx’ell  an  ex- 
perienced operator  ean  clip  and  hoxx'- 
accurate  his  xxork  is  even  at  the 
higher  speed. 

Green  Veneer  Storage  and  Drying 

\>neer  is  pulled  manually  from  the 
chain  folloxxing  the  clipping  opera- 
tion and  stored  prior  to  drx'ing.  Stor- 
age of  green  x-eneer  usually  con.sists 
of  onlx'  such  storage  necessarx'  to 
classify  and  prepare  runs  for  the  drx- 
er.  ,\fter  clipping  x-eneer  is  pulled 
usually  as  48  iu.  heart.  24  in.  heart 
and  narroxxs.  Sap  separation  is  similar 
to  heart  separation  but  in  some  plants, 
all  sap  is  pulled  together  in  one  lot. 
I'ishlails.  i.e..  incomplete  sheets  de- 
x't'loped  during  the  roundup,  almost 
in  all  eases  sap.  are  pulled  separatelx- 
Normallx'  xx  ith  douglas  fir  of  the  ix)ast 
region,  the  heartxvocxl  xeneer  is  al- 
most Ixxii'e  the  saj-)  xxood  in  tot.d 
(pi.mtitx . .-Vs  these  hax  i'  dillerent  lui'is 
lurt'  eonleuts  thex  must  be  li'd  to  the 
(lix'c'rs  separ.ileix  as  tlu'x  n'quiie  .lit 
feri'iit  drx  ing  si-Iuxlules.  I'hex  m.ix  be 
run  through  tIu'  s.une  drxers  prox  idi  it 
th.it  thex-  be  kept  on  si'ir.u.it.  h es 
xxhii’h  .ilinxx  them  to  be  run  lb.  .*-  l’: 
the  drxers  .it  xlillerent  spe,  .L  li  -v 
eommou  ]-ir.ietu c xxhere  possi!’!. 
fei'il  lull  sht-els  .u  d 21  ii  sliee:'- 
gi'lhei  on  till  'i  line  line  .a  ■!  . • ■ 
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fewer  operators.  However,  where  that 
is  not  possible,  the  widths  may  be 
combined.  In  such  case  with  mechan- 
ical dryer  feeders,  two  men  can  keep 
up  with  a six  line,  20  section  dryer 
with  stock  consisting  of  one  wide  load 
and  two  narrow  ones.  In  this  case 
it  is  better  to  put  the  wide  sheets  in 
the  centre  and  the  naiTow  ones  on 
the  outside.  Two  men  can  keep  up 
with  sap  w'hidh  runs  to  narrower 
widths  because  the  schedule  is  some- 
what slower.  When  feeding  4 ft.  core, 
the  dryer  feeder  has  to  handle  twice 
as  many  pieces  because  these  are  half 
the  length  but  it  is  an  easier  job  as 
the  stock  is  nearly  all  full  width  nom- 
inal 4 ft.  sheets  or  27  in  sheets.  De- 
spite the  fact  that  core  is  nearly 
always  heart  and  consequently  dries 
on  a faster  schedule,  two  men  can 
handle  it. 


The  entering  moisture  content  of 
heart  is  usually  between  40  and  80%; 
of  sap  about  80%.  A schedule  for 
douglas  fir  veneer  to  produce  a fin- 
ished moisture  content  of  3%  to  5% 
in  the  veneer  with  an  18  section 
dryer,  operating  with  1.50  lb.  steam, 
might  be  'somewhat  as  follows: — 


1/10  Heart 
1/10  Sap 


1/8 

1/8 


Heart 

Sap 


•3/16  Heart 
3/16  Sap 


71/2—  8 
15  —16 
10  —11 
191/2—211/2 
17  — 181/2 
29  —31 


nun. 


Plants  with  steam  at  higher  pressure 
aird  most  of  them  are,  could  better 
these  schedules  somewhat. 


Moisture  content,  the  main  buga- 
boo of  the  forest  products  industry,  is 


usually  determined  by  a moisture 
meter  which  electioirically  measures 
the  moisture  content  and  marks  on  the 
sheet  all  pieces  in  excess  of  the  de- 
sired precentage.  One  difiiculty  with 
this  type  of  device  is  that  in  measur- 
ing the  moisture  content  across  the 
8 ft.  width  of  veneer  it  will  tend  to 
average  the  moisture  content,  and  a 
small  damp  spot  which  may  produce 
a blow  in  the  finished  panel  may  not 
be  detected  if  the  balance  of  the  ve- 
neer is  relatively  dry. 

Dryers  in  the  industry  are  in  nearly 
all  cases  roller  dryers.  The  veneer 
passes  through  and  between  rolls 
within  a heated  chamber.  Source  of 
heat  is  usually  steam  served  through 
fin  pipes  although  there  are  direct 
fired  gas  and  hot  air  diyers  on  ^the 
market.  There  are  a few  dryers  used 
where  instead  of  passing  the  veneer 
through  rolls  it  is  laid  between  wire 
belts.  With  the  use  of  dryer  feeders 
which  has  speeded  up  the  feeding  of 
veneer  considerably,  the  use  of  these 
belt  dryers  is  now  largely  confined  to 
hardwood  veneer  and  sliced  veneer 
for  specialty  work.  Roller  veneer  dry- 
ers usually  have  two  or  three  zones 
in  which  'the  temperatures  may  differ. 
It  is  not  within  the  scope  of  this 
paper  to  discuss  the  various  theories 
of  drying  and  the  relative  merits  of 
cross  flow  versus  longitudinal  flow 
dryers.  There  are  exponents  for  both, 
the  longitudinal  flow  being  slightly 
cheaper  in  first  cost. 

Dry  Sorting 

In  the  conventional  mill  the  dry 
sort  is  made  from  pulling  manually 


from  the  belt  after  grading  with  sorts 
somewhat  as  follows: — 

Sound  48  in.,  Sound  to  be  patched  48 
in.,  “C”  48  in.,  “C”  24  in.  “C” 
narrow,  “D”  48  in.,  “D”  24  in.,  and 
“D”  narrow.  Where  white  spec  is  en- 
countered and  its  use  permitted  it  is 
pulled  separately.  The  kiln  charge 
being  all  one  thickness,  these  sorts 
will  be  that  thickness.  Other  thick- 
nesses will  be  sorted  similatly  when 
these  are  being  dried. 

Patching  & Makeup 

What  a wonderful  thing  it  would 
be  if  plywood  could  be  made  without 
having  to  plug  up  defects  and  knot 
holes!  However  such  is  not  the  case. 
Defects  and  splits  develop  and  knots 
have  a way  of  falling  out  during  dry- 
ing. Fortunately  for  the  industry  auto- 
matic machines  have  been  developed 
vVhioh  simplify  this  chore.  In  face 
patching,  veneer  which  will  make  an 
“A”  face  is  plugged  with  a boat  patch, 
that  which  will  only  grade  for  a “C” 
or  “D”  face  is  plugged  with  what  is 
known  as  a dog  bone  patch.  “B”  faces 
are  usually  fall  downs  from  “A”  faces 
and  consequently  have  the  same  patch 
as  the  latter.  Cores  are  usually 
patched  with  a round  or  dog  bone 
patch.  Faces  are  made  from  all  widths 
of  veneer  edge  glued  where  required. 
Cores  or  cross  bands  are  usually  27 
in.  when  produced  on  the  core  lathe 
although  narrows  are  also  used  in 
the  layup. 

After'  the  stock  has  been  made  up 
into  faces,  backs,  etc.  and  patched  as 
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necessary,  it  is  assembled  and  stored 
ready  for  lay  up  at  the  glue  spreader. 
It  should  be  noted  that  certain  types 
of  plywood  do  not  require  the  de- 
fects be  patched,  consequently  the 
face,  back  or  core  destined  for  that 
type  or  grade  may  bypass  this  opera- 
tion. 

Gluing 

One  of  the  major  problems  encoun- 
tered with  a conventional  glue  spread- 
er is  the  difficulty  in  maintaining  uni- 
formity of  spread  mainly  caused  by 
the  deflection  of  the  rolls.  In  Canada 
I understand  that  there  is  one  basic 
type  of  resin  in  common  usage  name- 
ly phenolic  resin,  a product  of  phenol 
formaldehyde.  This  is  used  with  an 
extender  such  as  furafil.  Certain  frac- 
tions of  douglas  fir  bark  have  been 
used  in  the  United  States  as  an  ex- 
tender with  considerable  success  as 
far  as  the  development  of  a sound 
glue  line  is  concerned. 

For  l/8th  in.  core  glue  spread  will 
be  about  50  lb.  per  1000  s.f.  double 
glue  line  i.e.  both  sides  of  the  core 
on  three  ply  construction.  Thicker 
core  will  increase  this  figure.  Mois- 
ture content  of  veneer  entering  the 
press  is  usually  in  the  2%-5%  range 
and  on  leaving  the  press  somewhere 
about  5%-6%.  These  figures  naturally 
are  approximate  but  the  control  is 
kept  at  these  limits. 

Faces  are  made  in  one  piece  by 
edge  jointing  the  pieces  on  a jointer 
and  then  gluing  them  together  by 
radio  frequency  using  urea  glue. 
Radio  frequency  has  been  replaced  in 
.some  cases  by  simply  using  contact 
cement  with  the  .sheets  crowded  to- 
gether in  the  same  manner  as  in  a 
radio  frecpiency  unit.  Claims  are  made 
for  both  methods.  Another  method 
usable  with  faces  and  backs  only  is 
to  tape  these  with  a paper  tape  which 
can  be  sanded  off  in  the  finishing 
operation. 

It  might  be  mentioned  that  recov- 
ery will  vary  from  1 .6  for  bad  logs 
to  2.4  for  good  logs,  and  is  basc'd  on 
Vh  in.  rou<’'li.  liecov('ry  is  tlu'  log  scale' 
divided  by  the  .s(|uare  feel  of  ply- 
wood on  a /H  in.  basis. 

Pressing 

'I'lu^  pressing  opei'ation  in  (he  luan- 
nlaelure'  of  plywood  is  of  iiuporlanee 
I)eeaus('  it  is  at  this  point  that  tlu' 
eomponent  parts  whieh  go  to  make' 
up  the  sandw'ieh  are'  uniteel  into  one 
e'oiuplete^  whole'.  Te'inperature'S  eniel 
pre'ssnre's  must  be'  miiinlaiiu'd  within 
narrow  limits  anel  the'  proi)('r  pre'ss 
se'lieeliiK'  must  be'  e'are'lulK  e'eentreille'el. 
Meeistiire'  e'ernte'iit  eil  the'  xe'iie'e'r  nmsi 
be'  riglit  as  leie)  we't  xe'iie'e'i'  will  ]ire)- 
eliie  e'  bletws  w Iie'ie'  tlee'  e'Xe'e’SS  menslui  e' 
has  leirme'el  ste'am  lee'lwe'e'u  the'  slie'e'ls 


of  veneer  or  too  dry  veneer  will  not 
receive  tbe  glue.  Press  schedules  are 
important  because  of  the  critical  tim- 
ing of  all  operations  in  a plywood 
plant.  As  the  press  usually  will  con- 
trol the  output  of  the  plant  time  lost 
during  the  press  cycle  means  loss  of 
production. 

The  moisture  content  of  veneer  en- 
tering the  press  is  in  the  neighbor- 
hood of  2%-5%  and  on  leaving  the 
press  about  5%-6%.  The  press  temper- 
ature is  held  about  285°  F.  Press 
pressure  with  resin  adhesive  is 
usually  in  the  range  of  180-200  p.s.i. 
Sometimes  the  pressure  may  be  eased 
a few  pounds  if  the  panels  are  to  be 
merely  touch  sanded.  Each  operator 
will  develop  his  own  optimum  pres- 
sures and  temperatures  depending  on 
plant  factors  and  conditions,  and  on 
the  stock  he  is  trying  to  process.  Once 
he  has  obtained  what  he  thinks  is 
best  however,  he  usually  sticks  to  it. 

Perhaps  the  most  common  size  of 
press  is  the  nominal  4 ft.  x 8 ft.  This 
press  has  a platen  56  in.  wide  by 
106  in.  long  which  may  vary  slightly 
with  different  manufacturers.  The 
number  of  openings  will  vary  from 
10  to  30.  Probably  the  most  common 
number  presently  in  use  is  20.  In 
selecting  the  size  of  the  press  the 
plant  designer  should  try  and  w’ork 
out  the  balance  so  that  the  press  will 
always  be  capable  of  handling  all  of 
the  production  of  the  lathe  and  dry- 
ers. With  all  the  various  constructions 
and  veneer  thicknesses,  and  different 
glues  used  iu  the  United  States,  this 
is  a neat  trick  if  you  can  do  it.  Presses 
are  of  standard  manufacture  and 
there  are  several  on  the  market  wiiich 
are  excellent.  The  ordinary  press  is 
actuated  hydraulically  with  a 2000 
l^.s.i.  oil  system  (usually  oil  gear 
manufacture).  Medium  duty  hydraul- 
ic oil  cooled  with  a heat  exchanger 
is  used,  with  a reseiwoir  holding  600 
gal.  Steam  for  heating  the  platens  is 
supplied  from  an  outside  source  usu- 
ally the  plant  powci'  house. 
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chine  which  edge  saws  the  panels  to 
width  and  end  trims  the  panels  to 
length.  During  this  operation  the  ends 
are  printed,  the  edges  and  ends  are 
waxed  and  in  the  case  of  sheathing 
the  face  is  stamped  with  an  appro- 
priate design.  Equipment  has  been 
developed  to  handle  this  work,  in- 
cluding a gi'ade  separation  to  pull 
defective  panels,  with  one  operator. 

The  plywood  then  passes  to  a feed- 
er where  it  is  fed  to  a sander.  This 
is  a multiple  drum  sander  with  drums 
top  and  bottom  set  to  surface  the 
panel  at  the  proper  thickness.  A grader 
at  the  discharge  end  of  the  sander 
rejects  any  defective  panels  and  sep- 
arates airy  vyhich  need  patching. 
Sanding  will  often  expose  pitch  pock- 
ets and  other  small  defects  which 
w'ere  not  visible  in  the  rough  veneer. 
For  this  reason  the  panels  having 
these  defects  are  repatched.  Patch 
lines  have  been  developed  to  handle 
the  sheets  mechanically  bringing  them 
to  and  taking  them  from  the  opera- 
tor whieh  makes  this  job  much  easier 
than  it  used  to  be  when  one  man 
picked  each  panel  from  the  stack, 
patched  it  and  carried  it  to  another 
pile.  In  the  newer  patch  lines,  one 
man  checks  the  grader's  mark,  routes 
out  the  defect  and  passes  the  sheet 
on  to  the  next  man  who  sets  the 
patch  and  passes  it  on  w'here  it  is  off 
borne  into  a stack  for  resanding. 
Sheets  which  need  no  patching  can 
be  bypassed.  Patches  are  usually  for 
defects  and  pitch  pockets,  or  shims  in 
case  of  splits  or  cracks.  These  are  set 
w'ith  resin  which  is  coloi'less  and 
where  the  wood  is  matched  for  color 
the  patch  is  \'ery  difficult  to  detect. 
As  it  is  firmly  glued  arid  tight  in 
place  it  forms  an  excellent  method  of 
finishing  off  a defect. 

Resanding 

The  industry  is  now  starting  to  use 
wide  belt  sanders  to  sui'face  both 
sides  of  the  panel  after  patching  so 
that  the  panel  is  patched  sanded  and 
finished  iir  one  operation.  Up  to  irow 
patched  panels  ha\e  been  sent  to  a 
belt  sander  where  the\'  are  handled 
uranualh  one  at  a linre  anil  each  in- 
dixidu.il  patch  is  worked  over.  For 
ease  iu  ideutilViug  the  p.itehes  to  be 
sairderl  ofl'  they  are  errlored  slightb' 
lor  contrast,  the  color  coming  olf  iu 
the  sanding  oper.itiini. 
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The  Resistance  of  Aluminum 


to 

Concrete,  Stucco  and  Brick  Mortar  — 

TEN  YEAR  TEST  RESULTS 

/.  H.  Jenks, 

Publications  Division 


T.  E.  Wright,  H.  P.  Godard,  Chemical  Division 

Aluminium  Laboratories  Limited 
Kingston,  Ontario 


A COMPREHENSIVE  testing  pro- 
gram to  acquire  information 
about  the  perfoiunance  of  aluminum 
embedded  in  the  common  alkaline 
building  materials  over  long  periods 
was  instituted  at  Aluminium  Labora- 
tories Limited,  Kingston,  in  1945. 
This  information  is  needed  because 
aluminum  is  used  in  very  large  ton- 
nages as  architectural  and  structural 
materials.  Sets  of  specimens  of 
ALCAN  .3S  s'heet  and  tubing,  50S  and 
65S  extruded  bar,  unprotected,  and 
with  three  commonly  used  types  of 
coating  — clear  lacquer,  zinc  chromate 
primer  and  bituminous  paint  — were 
partially  or  completely  embedded  in 
blocks  of  concrete,  dummy  brick  walls 
and  stucco  (Figs.  1(A),  (B)  and  (C)  ), 
made  in  accordance  with  standard 
construction  practice  and  for  exposure 
in  environments  commonly  encoun- 
tered by  Canadian  buildings  or  their 


Fig.  1.  (A) 


ALCAN  .3S,  50S  and  65S  Specimens,  some 
bare  and  some  coated,  exposed  at  the  dry, 
wet  and  atmospheric  test  sites,  embedded  in 
(A)  concrete  blocks  of  1;33;3  mix,  (B)  Stand- 
ard mortar  in  “dummy”  brick  walls,  (C)  plaster 
on  “mocked-up”  wall  sections. 


Fig.  1.  (B) 
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components.  Sets  of  specimens  were 
removed  after  periods  of  eight  days, 
six  and  18  months  and  10  years, 
cleaned  and  examined  visually.  In  an- 
other section  of  the  experiment, 
weighed  specimens  of  3S  sheet  were 
partially  embedded  in  blocks  of  con- 
crete prepared  from  portland  cement 
obtained  from  the  major  Canadian 
cement  plants,  to  check  the  influence 
of  the  source  of  supply  (variation  in 
free  alkali  content).  At  the  same  time, 
sets  of  blocks  were  made  with  vary- 
ing cement  content,  using  cements 
from  two  sources. 

The  results  of  examination  after 
periods  up  to  18  months  showed  that 
aluminum  alloys  are  not  seriously 
corroded  by  contact  with  alkaline 
building  materials. ^ The  evaluation  of 
the  10  years’  exposure  has  recently 
been  completed  and  the  results  are 
presented  below  after  a short  reca- 
pitulation of  necessary  background. 

DESCRIPTION  OF  MATERIALS 

The  description  and  nominal  com- 
position of  the  aluminum  alloys  are 
given  in  Table  1.  The  description  and 
source  of  the  building  materials  used 
for  the  program,  with  some  descrip- 
tive remarks,  are  given  in  Table  2. 

EXPERIMENTAL  PROCEDURE 
Preparation  of  Metal  Specimens 

Specimens  of  the  test  alloys  were 
cut  into  suitable  lengths.  Those  to  be 
lacquered  were  dipped  into  clear 
lacquer  and  slowly  withdrawn  to  give 
a coating  of  1.0  mil  (average)  in  thick- 
ness. Zinc  chromate  coatings  were 
also  applied  by  dipping  to  give  an 
average  thickness  of  2.3  mils.  Bitu- 
minous coatings  were  similarly  ap- 
plied to  give  an  average  thickness  of 
6 mils.  The  .specimens  were  used 
before  the  coating  had  completely 
hardened  as  is  common  practice  in  the 
Ijiiilding  industiy. 

Preparalioii  of  f.’oncrcte  Test  Blocks 

A 1:3:3:  (cement:.sand:cru,shcd 
ston(')  concrete  mix  was  poured  into 
9x9x6  in.  lorms,  and  spc'cimens 
were  embedded  (2  in.  protruding)  so 
tliat  each  was  separated  by  at  least 
two  inclies  from  any  outside  edge 
and  Irom  oiui  another  (f’ig.  1(A)). 
I'Anr  nneoal(al  speeimens  were  jdaced 
in  one  block,  and  separate  blocks 
wc‘r('  used  for  each  set  of  eoalc'd 
six'cimens.  Snfficic'iit  blocks  wer<> 
made  to  eovc'.r  the  varions  time 
periods  and  <'oatings  and  sets  wc-re 
exposc'd  at  ”dry  , “wc't"  and  "atmos- 
plierie"  test  sites. 

A S('eond  group  ol  sixt('('n  blocks 
(12  X 12  X 12  in.)  was  poured  with 
the  saint'  mix,  hau'li  block  eontaiiu'il 
a totally  embedded  spi-einu'ii.  6 in. 
long,  iiom  t'aeh  ;illoy  ;ind  partialb' 


TABLE  1 

Description  and  Nominal  Composition  of  Aluminum  Alloys  Tested 

Composition,  Per  cent 

ALCAN  ^ ^ 

Allotj  Description  of  Specimens  Cu  Fe  Mg  Mn  Si  Cr 


3S-H14 

Sheet,  2 x 6 x 0.064  in — 

0.40 

— 

1.20  0.25 

3S-F 

Conduit,  Iff  in.  I.P.S.,  6 in.  lengths  — 

0.40 

— 

1.20  0.25 

50S-T5 

Extruded  bar,  Ij/g  x ^ in., 

6 in.  lengths — 

0.30 

0.65 

— 0.40 

b58- It) 

Extruded  bar,  t}/s  x % in., 

6 in.  lengths 0.30 

0.35 

0.95 

— 0.60 

embedded  specimens,  6 and  18  in. 
long,  from  each  alloy.  Four  blocks 
were  used  for  each  test,  each  contain- 
ing one  set  of  coated  specimens;  only 
one  coating  was  used  for  all  speci- 
mens in  each  block.  These  blocks 
were  exposed  for  the  two  longer 
time  periods  only  in  fresh  water  and 
wet  soil. 

To  Study  the  effect  of  source  of 
cement  supply,  duplicate  weighed  alu- 
minum sheet  specimens  (3S  alloy  only) 
were  embeded  (iy2  in.  protruding)  in 
duplicate,  6 in.  cubes  of  concrete  of 
1:3:3  mix  made  from  each  of  12  bags. 


including  High  Early  Strength  ce- 
ment, (six  Canada  Cement,  three  in- 
dependent companies)  which  consti- 
tuted the  Canadian  sources  of  cement 
in  19.50.  Exposure  was  for  one  and 
10  years  in  the  atmosphere. 

Also,  to  determine  the  effect  of 
variation  in  richness  of  cement  in  the 
mix,  specimens  were  similarly  em- 
bedded in  duplicate  blocks  made  from 
cement  from  two  sources  with  1:3:5, 
1:2:4,  1:3:3,  1:2:1,  1:3:0  cement: 
sand:crushed  rock  ratio  (by  weight). 
Exposure  was  again  one  and  ten  years 
in  the  atmosphere. 


TABLE  2 

Building  Materials  for  Test  Program  and  their  Origin 

Origin 


Material 


Company  and  Specific  Plant  Remarks 


Portland  Cement 

Canada  Cement  Co., 

Water  soluble  alkalies  0.43% 

Montreal,  Que. 

Hull,  Que. 

Belleville,  Ont. 

Port  Colborne,  Ont. 

Fort  Whyte,  Man. 

Exshaw,  Alta. 

British  Columbia  Cement  tlo., 
Victoria,  B.C. 

St.  Mary’s  Cement  Co., 

expressed  as  per  cent  Na-O 

Higli  I'larly  Strength 

St.  Mary’s,  Out. 

Canada  Cement  Co., 

Montreal,  Que. 

Port  Colborne,  Ont. 

I'ort  Whj'te,  Man. 

Medu.sa  Products  Comjiany, 
Paris,  Ont. 

Medusa  White  Portland 

Dry  Sand 

Kingston  thushed 

Kingston  Sand  and  Oravel  Co. 

Passing  Xo.  S mesh  screen 

Liinostone 

l''rontenae  ()uarries, 

Kingston 

1 inch  size,  dry 

binie 

Cypsum  Lime  and  .Mabastine 
Co.  of  Canada,  Ltd. 

“(îreen  Stripe"  finishing  lime. 

wati'r  soluble  alkalies  0 55'  , 
as  i)er  cent  Xa.O 

llardwall  Plaster 

Cypsum  Lime  and  .Mabastine 

"Paristone",  0 3‘2’ , soluble 

Co.  of  Canada,  btd. 

alkalies  as  per  cent  Na-.-O 

Cyproe  I.alli 

Cypsum  bime  and  .Mal)astim' 
Co.  of  Canada,  btd. 

Metal  bath 

bocal  (Kingston t supi)liers 

21  gauge,  diamond  inesh.  gai 
vanized  iron 

Water 

Kingston  City  supiilv 

1 .aeiiuer 

I'onforms  to  I’.S.  .\nny-Nav> 
.\eronautical  Board  Siiccifiea 
tion  112.  .\inendment  Xo. 
;Uesin  content  methylmetha 
crylate.  clear' 

Zinc  Chromate  Primer 

Conforms  to  I'.S.  -\rmy  Navy 
.\('ronaut  ical  .''peciticat  n'li 

No.  .\N'  11  P-('.a6B.  r'CUeiii 
diluent 

Bitiimmoiis  Paint 

Blended  typi'.  coal  vu  : ■ti 
l)a,'-e.  conform  t.  1 S \ 

Navy  Acrxinant’  a'. 
Specilication  \N  P - 
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TABLE  3 

Condition  of  Alnininnin  Specimens  Exposed  Ten  Years 


Max.  Fit 


Exposure 

Specimen  Surface 

Condition^ 

Depth 

Conditions 

Treatment 

of  Stocks 

Projecting  Surface 

Embedded  Surface 

{mils) 

IN  CONCRETE  (BLOCKS^ 

Dry 

Uncoated 

NC 

Uncorroded 

Etched  uniformly 

0 

Zinc  chromate 

C 

Uncorroded 

Etched  uniformly^ 

0 

Lacquered 

NC 

LTncorroded 

Etched  superficially^ 

0 

Bituminous  paint 

NC 

Uncorroded 

Etched  superficially® 

Atmospheric 

LTncoated 

C 

Normally  weathered 

Etched  uniformly 

0 

Zinc  chromate 

C 

Somewhat  weathered 

Etched  uniformly* 

0 

Lacquered 

C 

Somewhat  weathered 

Etched  uniformly 

0 

Bituminous  paint 

HLC 

Somewhat  weathered 

Etched  superficially® 

0 

Wet 

Uncoated 

NC 

Etched  superficially 

Etched  severely® 

8 

Zinc  chromate 

NC 

Etched  superficially 

Etched  severely® 

10 

Lacquered 

NC 

Etched  superficially 

Etched  severely® 

8 

Bituminous  paint 

NC 

Etched  superficially 

Etched®  ® 

9 

Buried  in  wet  soil 

Uncoated 

NC 

Etched  superficially 

Etched  severely 

Zinc  chromate 

C 

LTncorroded 

Etched  severely’ 

15 

Lacquered 

C 

LTncorroded 

Etched  severely 

Bituminous  paint 

HLC 

Uncorroded 

Etched  severely 

Immersed  in  Lake  Ontario 

Uncoated 

Lost 

Lost 

Zinc  chi’omate 

NC 

Etched  severely 

Etched  severely® 

2.5 

Lacquered 

NC 

Etched  severely 

Etched  severely®  ® 

10 

Bituminous  paint 

NC 

Etched  severely 

Etched  severely® 

15 

IN  STANDARD  MORTAR  (BRICK  WALLS) 

Atmospheric 

Uncoated 

Normally  weathered 

Medium  etched 

0 

Zinc  chromate 

Uncorroded 

Etched  superficially® 

0 

Lacquered 

Weathered 

Etched  superficially 

0 

Bituminous  paint 

LTncorroded 

Etched  superficially® 

0 

IN  STUCCO 

Atmospheric 

LTncoated 

Normally  weathered 

Etched  uniformly*® 

0 

Zinc  chromate 

Weathered  appearance 

Etched  superficially 

0 

Lacquered 

LTncorroded 

Uncorroded 

0 

Bituminous  paint 

Weathered  appearance 

Etched  superficially 

0 

Notes:  'NC — Not  Cracked;  C — Cracked;  HLC— 

-Hair  Line  Cracks. 

"Narrow  etched  band  about  ^ in.  wide  and  2 mils  deep,  at  concrete-air  interface  of  50S  specimen. 
^No  effect  on  3S  conduit  specimens. 

■^Narrow  band  about  hi.  wide  and  2 mils  deep  at  the  concrete-air  inrerface  of  all  specimens. 
^Numerous  pits. 

^Almost  no  effect  on  3S  specimens. 

’Numerous  pits  on  the  65S  specimens:  others  less  affected. 

®50S  and  65S  specimens  almost  unaffected. 

®50S  specimens  almost  unaffected. 

“’Numerous  pits  on  one  surface  of  one  50S  specimen  but  duplicate  free  of  pits. 


Fig.  2.  ALCAN  3S  Conduit  Specimens  which  were  embedded  in  9x9x6  in.  concrete 
blocks  exposed  to  tbe  atmosphere  for  ten  years. 


zinc  Chromate  Uncoated  Clear  Bituminous 

Primer  Metal  Lacquer  Paint 


Fig.  3 ALCAN  3S  Conduit 
Specimens  which  were  em- 
bedded in  12x12x12  in. 
concrete  blocks,  immersed  in 
Lake  Ontario  for  ten  years. 


Zinc  Chromate  Clear  Bituminous 

Primer  Lacquer  Paint 
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Preparation  of  Brick  Mortar  Piers 

The  dummy  brick  mortar  piers 
were  made  four  bricks  bigh,  four 
bricks  long  and  two  bricks  thick  (Fig. 
1(B)  ) with  standard  mortar  as  fol- 
lows: one  part  portland  cement,  one 
part  hydrated  lime  putty,  six  parts  dry 
sand.  The  walls  were  covered  by 
forming  a sheet  of  aluminum  into  a 
suitable  flashing.  Each  section  (one 
for  each  time  period)  contained  16 
specimens:  uncoated,  lacquered,  zinc 
chromate  and  bituminous  coated  from 
each  of  the  four  test  materials  (3S 
sheet,  3S  conduit,  50S  bar  and  65S 
bar).  All  specimens  passed  through 
the  wall.  Exposure  was  atmospheric 
only  and  was  of  10  years’  duration. 


Preparation  of  Stucco  Wall  Sections 

Dummy  wall  sections  of  stucco 
(portland  cement  plaster)  were  pre- 
pared on  frames  48  x 48  in.  construc- 
ted of  wooden  two-by-fours  with  ver- 
tical studs  at  16  in.  centres.  Galvan- 
ized steel,  “diamond”  mesh,  (24 
gauge)  was  affixed  over  the  frames. 
The  aluminum  specimens  of  the  var- 
ious alloys  and  coatings  were  lodged 
through  holes  made  in  the  mesh,  and 
the  plaster  was  applied  around  them. 
A portion  of  each  specimen  measuring 
approximately  half  an  inch  in  length 
was  in  contact  with  the  plaster.  (Fig. 
1(C)  ). 

Portland  cement  plaster,  used  to 
simulate  exterior  stucco  where  moist 
conditions  are  encountered  in  prac- 
tice, was  made  up  as  follows:  one  part 
Portland  cement,  three  parts  plaster- 
ing sand,  10%  (by  weight)  water.  The 
specimens  in  the  wall  sections  were 
exposed  for  10  years  on  the  labora- 
toiy  roof. 


tablp:  4 

Metal  Loss  of  Uncoaled  and  Bituminous  Paint  Coated  Aluminum  Specimens 

Exposed  for  Ten  Years 

Thickness  of  Metal  Specimen  Corroded  (mils)' 

Exposure  Surface  ALCAN  65S  ALCAN  50S  ALCAN  3S  ALCAN  3S 

Conditions  Treatment  Bar  Bar  Sheet  Conduit 


IX  CONCRETE  (BLOCKS) 


Dry 

Uncoated 

2.0 

2.5 

4.0 

4.0 

Bituminous  paint 

nil 

nil 

nil 

nil 

Atmospheric 

Uncoated 

4.0 

5 . 5 

5.5 

5.0 

Bituminous  paint 

0.3 

nil 

nil 

nil 

Wet 

Uncoated 

5.5 

5.0 

2.0 

3.0 

Bituminous  paint 

6.0 

2.0 

6.0 

3.02 

Wet  soil 

Uncoated 

3.5 

9.0 

7.3 

7.0 

Bituminous  paint 

3.0 

3.0 

1.5 

3.0 

Fresh  water  Bituminous  paint  nil 

IN  STANDARD  MORTAR  (BRICK  WALLS) 

1 . 5 

nil 

1.0 

Atnrospheric 

Uncoated 

1.0 

1 .0 

0.2 

0.5 

IN  STUCCO 

Bituminous  paint 

nil 

nil 

nil 

nil 

Atmospheric 

Uncoated 

0.5 

1.0 

0.4 

3 

Bituminous  paint 

nil 

nil 

nil 

3 

Notes:  ' Total  losses  (both  sides) 

^ Metal  loss  inside  conduit 
® Not  measured;  similar  to  3S  sheet. 


Procedure  for  Examination  of 
Specimens  After  Exposure 

Prior  to  the  examination  of  the 
aluminum  specimens  in  the  concrete, 
the  blocks  were  examined  for  cracks, 
radiating  from  the  embedded  speci- 
mens (cracks  could  result  from  the 
pressure  of  corrosion  products  or  from 
differential  expansion).  The  alumin- 
um specimens  were  then  removed  from 
the  various  blocks,  cleaned  in  a hot 


solution  of  phosphoric  and  chromic 
acids  (ASTM-B137-45),  scoured  with 
soap  impregnated  steel  wood  pads, 
(S.O.S.),  and  carefully  examined. 

The  condition  of  the  dummy  brick 
and  stucco  walls  was  noted  before 
the  aluminum  specimens  were  re- 
moved, the  specimens  were  then 
cleaned  in  the  same  way  as  above 
and  examined. 


Be.st: 


Worst  : 


TABLE  5 


Relative  Condition  of  Test  Specimens 
(Ten  Years’  Exposure) 


Brick  mortar  pier 
Stucco  wall  sections 
Concrete  blocks 
Concrete  blocks 
Concrete  blocks 
Concrete  blocks 
Concrete  blocks 


(atmospheric) 

(atmospheric) 

(dry) 

(atmospheric) 

(wet  soil) 

(watei-  tank  immersion) 
(Lake  Ontario  immersion  ) 


I ABLE  6 

Eflecl  of  .Source  of  Supply  of  Ccinenl  on  .\LCAN  3S  Specimens  Embedded 
in  I (.oncrele  E\pose<l  l«>  ihe  Almosphere  for  Ten  ^ cars 


Per  cent 
Weight  Loss 


Thickness  of 


Source  of  Cement 

Type  of  (’enieni 

rer  cent 

Soluble  Alk'alies^ 

Condition  of 
Blocks- 

10  yr. 

/ yr. 

^fetal  Spe 
('orroded  i 

iiada  (k'liK'iit  Co. 

Hull,  (^ue 

Rortland 

0.1 

C 

5 03 

2 60 

3 5 

Belleville,  Out 

0 . 5 

9 SO 

Exsitaw,  Alta 

0 •( 

NC 

1 S2 

1 15 

0 5 

Montreal,  (^ue 

” 

0.3 

C 

5 . 53 

6 OS 

I 5 

I’orf.  ( lolborne,  ( )nt . . 

0 I 

NC 

1 SI 

I 77 

I 0 

Eorl.  Wliyl.e,  Man 

0 6 

NC 

2 26 

1 97 

1 0 

iVIlU  V H ( ('UUMlI  ( 4». 

S(..  Maiy’s,  Ottl 

0 6 

C 

3 . 50 

3 S2 

2 0 

iNhisa  (’(MtKMn  ( (). 

1 ans.  Ont 

0 5 

NC 

1 7S 

1 00 

nil 

il  isli  ( ninnibia  ( (Miieiil  ( 'n. 

\ ictoriM,  U.( 

” 

0 5 

C 

5 00 

3 5 

MM(1m  ( ('MK'Ill  ( (). 

l'’ort  Wliyti',  Man 

11  ink  l',ail\-  Sli'enutli 

0 5 

NC 

1 5S 

1 20 

0 5 

Montreai,  t)n(' 

’ ’ 

0 5 

C 

5 35 

t 01 

3 0 

Port  ( 'olborne,  ( )nl 

'■ 

0 1 

NC 

I 23 

1 15 

nil 

Xori'is:  'Soluble  alkalies  ealeulaled  as  \;i  () 

'■'NC  Not  Cracked;  C Craekeil 

■’.\vei'ane  o|  two  speeimeiis;  tot.al  lossi's  hum  both  sidi's;  dett'rmined  bv  miernmeler 
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Fig.  4.  ALCAN  50S  Bar,  Uncoated  Specimens,  after  embedment  ten  years  in:  con- 
crete blocks,  brick  mortar  piers  (atmospheric)  and  stucco  wall  sections  and  exposed 
as  indicated. 


EXPERIMENTAL  RESULTS 

Table  3 gives  a summary  of  the 
condition  of  tlie  blocks  and  the  speci- 
mens after  the  10  years’  exposure  in 
various  environments  while  embedded 
in  concrete,  brick  mortar  and  stucco 
and  while  subjected  to  limestone 
leaching.  Figs.  2,  3,  4 and  5 show  by 
the  appearance  of  the  specimens  after 
exposure  how  the  aluminum  alloys 
perfomaed.  Table  4 presents  a sum- 
mary of  the  metal  losses  sustained 
by  the  specimens.  All  metal  losses 
were  detemiined  by  micrometer.  Even 
in  the  case  of  completely  unprotected 
suj  faces,  the  attack  is  superficial. 
Bituminous  paint  proved  to  afford 
best  protection  among  the  coating 
treatments  with  lacquer  second  and 
zinc  chromate  of  little  or  no  protec- 
tive value.  Table  5 shows  the  condi- 
tion of  the  specimens  after  exposure 
with  relation  to  each  other,  ranked 
from  “best”  to  “worst”;  see  also  Figs. 
4 and  5.  Table  6 presents  the  results 
of  the  experiments  to  determine  the 


effect  of  source  of  supply  of  the 
cement  and  Table  7 shows  the  effects 
of  richness  of  mix.  Fig.  6 shows  a 
comparison  of  the  per  cent  weight 
losses  of  the  specimens  embedded  in 
concretes  made  with  standard  port- 
land  and  high  early  strength  cements 
after  10  years’  atmospheric  exposure. 
Fig.  7 shows  the  condition  of  speci- 
mens after  embedment  in  concretes  of 
increasing  cement  richness  and  ex- 
posure to  the  atmosphere  for  10  years. 


CONCLUSIONS 

The  10  year  results  from  this  pro- 
gram confirm  the  findings  reported^ 
after  evaluation  of  eight  days’,  six  and 
18  months’  results. 

Aluminum  alloys  are  not  seriously 
corroded  by  embedment  in  concrete, 
standard  brick-mortar,  lime  brick- 
mortar,  hardwall  plaster  and  stucco 
over  extended  periods.  Slight,  super- 
ficial etching  takes  place  during  the 


period  when  concretes,  mortars,  plas- 
ters or  stucco  are  setting,  but  unless 
there  is  frequent  intermittent  wetting 
and  drying,  no  appreciable  corrosion 
takes  place.  All  the  aluminum  alloys 
tested  (ALCAN  3S,  50S,  65S,  57S) 
perform  similarly.  It  is  significant  that 
very  little  difference  in  appearance  is 
evident  between  the  specimens  ex- 
posed for  10  years  and  those  ex- 
posed for  18  months  and  one  year. 
The  metal  loss  is,  in  no  case,  suffici- 
ently great  to  cause  deterioration  of 
the  properties  of  the  metal  in  other 
than  thin  sections.  In  general,  there- 
fore, it  may  be  concluded  that  the 
use  of  aluminum  alloys  is  practical 
when  embedded  in  the  common  alka- 
line building  materials  in  all  condi- 
tions of  exposure  likely  to  be  encoun- 
tered. 

The  observations  and  conclusions 
from  this  program  are  in  agreement 
with  those  reported  in  a similar  set 
of  experiments  by  Fischer  and  Voss- 
kuhler.^  These  workers  observed  that 
stifling  of  attack  took  place  after  one 
year’s  exposure.  In  the  previous  paper 
on  the  work  at  Kingston,  it  was  re- 
ported that  no  appreciable  change  had 
taken  place  between  six  months  and 
18  months  of  exposure. 

From  the  results  of  exposure  under 
total  immersion  conditions,  it  can  be 
concluded  that  aluminum  alloys  em- 
bedded in  concrete  and  exposed  in 
this  way  are  only  slightly  attacked.  The 
results  show  that  specimens  embed- 
ded for  10  years  and  kept  in  dry  loca- 
tion had  an  etched  appearance  with 
no  pits  worthy  of  note.  This  etching 
was  approximately  two  mils  in  depth. 
The  maximum  pit  depth  on  the  em- 
bedded specimens  immersed  in  water 


Fig.  5.  ALCAN  50S  Bar,  bituminous  paint  coated  specimens  after  embedment  ten  years  in:  concrete  blocks,  brick  mortar  piers 
and  stucco  wall  sections  and  e.xposed  as  indicated. 
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TABLE  7 


Effect  of  Richness  of  Mix  on  ALCAN  3S  Specimens  Embedded  in  Concrete  Blocks 
and  Exposed  to  the  Atmosphere  for  Ten  Years 

Per  cent 


Mix 

Source  of  Cement 

Per  cent 

Soluble  Alkalies'^ 

Condition 

of 

Blocks'^ 

Weight  Loss 

Thickness  of 
Metal  Specimen 
Corroded  {milsp 

10  yr. 

1 yr. 

1:3:0 

Canada  Cement  Co., 

0.3 

C 

10.91 

11.12 

8.0 

1:2:1 

Montreal 

c 

13.29 

10.86 

11.5 

1:3:3 

c 

5.53 

6.08 

4.0 

1:2:4 

c 

6.13 

4.88 

4.0 

1:3:5 

NC 

4.72 

3.18 

3.0 

1:3:0 

St.  Mary’s  Cement, 

0.6 

C 

6.89 

6.. 58 

4.0 

1:2:1 

St.  Mary’s,  Ont. 

C 

6.14 

4.98 

3.5 

1:3:3 

C 

3.50 

3.82 

2.0 

1:2:4 

C 

3.30 

3.08 

1.0 

1:3:5 

NC 

2.18 

2.01 

nil 

Notes:  'Soluble  alkalies  calculated  as  Na20 
^NC — Not  Cracked;  C — Cracked 

^Average  of  two  specimens;  total  losses  for  both  sides;  determined  by  micrometer. 


Kig.  (i.  Compari.son  weight  lo.sses  of  Specimens  embedded  in  concrete  made  with 
liigh  early  strength  and  standard  Portland  cements. 


1 

I 

i lor  ten  yoar.s  wa.s  eight  inil.s.  Addi- 
; lioiial  confimiation  lia.s  been  provided 
l)y  Walton,  Mefloary  and  Englehart'* 
vvlio  studied  the  effect  of  moisture  on 
nneoated  alnrninnm  embedded  in  eon- 
cTete.  'rheir  program  lasted  for  six 
months  and  alnminum  S])('eimens  em- 
bedded in  eoneretc  and  kept  in  a dry 
location  had  a maximum  pit  depth 
■ of  1.2  mils  while  those  wfiicfi  had 
b('en  totally  immersed  had  a maxi- 
mum pit  depth  of  1. 1 mils. 

I'h'om  th<‘  results  of  the  ('xpt'ii- 
ments  with  eonerrdr'  mixes  made  np 
from  cement  obtaiiu'd  from  dilfereni 
sonree,s  and  from  the  results  ol  the 
experinunitfi  in  which  the  mix  was  en 
rieJied  l>y  added  ini'rt'asing  amounts 
ol  cement  (variation  in  alkali  content). 


it  can  be  conchided  that  the  amount 
of  attack  inerea.scs  in  direct  propor- 


I'ig.  7.  (a>iKlitions  of  Sperimeiis  cm- 
heddial  ten  years  in  eonerele  ol  inereas- 
ing  eeinenl  riehness. 


tion  to  an  increase  in  free  alkali  con- 
tent. In  atmospheric  exposure  this  is 
not  serious  and,  in  fact,  nearly  all  the 
corrosion  occurs  during  the  setting 
period  of  the  concrete  and  is  negli- 
gible thereafter.  Etching  of  the  alu- 
minum specimens  in  rich  mixes  is 
greater  and  for  this  reason  the  tend- 
ency to  cracking  is  greater. 

Among  the  protective  coatings 
tested,  the  effectiveness  of  a single 
coat  of  bituminous  paint  in  prevent- 
ing corrosion  of  aluminum  embedded 
in  various  building  materials  has  been 
well  demonstrated  by  its  consistently 
good  performance  over  the  x'arious 
time  periods  in  this  program.  This 
too  has  been  confirmed  b\'  Fischer 
and  Vosskuhler.  Clear  lacquer  is  less 
protective.  Thus,  where  aluminum 
is  embedded  in  concrete  or  mortar, 
particularly  where  it  may  be  con- 
tinually wet,  it  may  be  desirable  to 
paint  the  surfaces  with  bituminous 
paints. 

It  may  be  well  to  mention  the  situa- 
tion where  aluminum  is  installed 
against  concrete  or  brick  mortar,  c.g. 
aluminum  window  casc'incnts  in 
masonrx’  buildings,  although  this  was 
not  included  in  the  present  program. 
On  the  basis  ol  eonsiderabh-  ex- 
perience. it  ma\’  be  stateil  that  this 
('xposure  condition  is  mor»'  eiurosixi’ 
than  total  embi'dment  ami  protixtion 
of  till’  aluminum  snrlaees  with  bitn 
minons  paints  is  reeommemh'd 

Hefercnct's 
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IF  we  have  a problem  in  Engineer- 
ing Education,  just  what  is  it? 
For  many  it  seems  to  date  from 
the  arrival  of  Sputnik — but  in  reality, 
a steady  change  has  been  going  on 
over  many  years.  The  arrival  of  the 
space  age  however,  caused,  as  Pro- 
fessor David  C.  White  of  M.I.T. 
states — “the  whole  scientific  com- 
munity to  publicly  express  the  deep- 
seated  dissatisfaction  which  has  been 
felt  for  years,  on  the  lack  of  impor- 
tance placed  on  scientific  education 
and  thought.”  In  a word,  then,  the 
scientific  “egg-head”  became  a per- 
son whose  opinion  was  worthy  of 
consideration. 

The  resulting  publicity  and  glam- 
our seemed  to  be  directed  towards 
the  scientist  so  that  in  the  minds  of 
the  public  many  of  the  developments 
in  the  space  age  are  attributed  to  the 
scientist,  and  the  role  of  the  engi- 
neer in  such  developments  is  not 
realized. 

Perhaps  we  in  engineering  have  in- 
sisted upon  getting  upon  the  scientific 
bandwagon  without  a clear  reap- 
praisal of  the  obligations  of  the  engi- 
neering profession.  As  pointed  out 
in  the  A.S.E.E.  report  on  the  Evalu- 
ation of  Engineering  Education,  “En- 
gineering is  far  from  static,  it  is  a 
creative  profession.  It  has  played  a 
dominant  role  in  building  our  indus- 
trial activity,  in  developing  the  prin- 
ciples of  mass  production,  and  in 
giving  our  people  their  high  standard 
v)f  living.  The  continuing  growth  of 
our  knowledge  of  basic  science  has 


opened  vast  new  areas  to  engineer- 
ing endeavour  and  has  enlarged  the 
foundations  underlying  many  of  the 
existing  engineering  fields.” 

This  report  goes  on  to  point  out 
the  two  basic  objectives  of  engineer- 
ing education.  The  first  of  course, 
technically  “is  preparation  for  the 
performance  of  analysis  and  creative 
design,  or  of  the  functions  of  con- 
struction, production  or  operation 
where  a full  knowledge  of  the  analysis 
and  design  of  the  structure,  machine 
or  process  is  essential.  It  also  involves 
mastery  of  the  fundamental  scientific 
principles  associated  with  any  branch 
of  engineering  . . .” 

The  broad  social  goal  of  engineer- 
ing education  includes  “the  develop- 
ment of  leadership,  the  inculcation 
of  a deep  sense  of  professional  ethics, 
and  the  general  education  of  the  in- 
dividual.” 

Viewing  this  in  the  light  of  the 
current  focus  of  attention  on  the 
scientist — what  is  the  right  way  foi- 
ns as  engineers  to  go?  Some  may 
say,  make  engineering  education 
purely  scientific — go  all  the  way,  and 
admit  that  scientists  are  all  that  are 
required,  and  that  the  engineer  can 
be  readily  replaced  by  the  computer 
and  the  technician. 

I think  we  will  all  accept  that  engi- 
neering— which  I am  told  comes  from 
the  old  French  and  Latin  word  “in- 
genium”  meaning  cleverness,  origin- 
ally contained  a good  deal  of  art  or 
craftsmanship.  It  literally  meant 
cleverness  in  contriving,  devising,  or 


inventing.  Engineering  grew  initially 
because  people  by  their  ingenuity 
and  inventiveness  could  do  things  be- 
fore they  were  understood. 

The  re-evaluation  going  on  today 
of  engineering  education  is  resulting 
from  the  change  in  the  scientific  con- 
cepts which  an  engineer  needs  in 
order  to  deal  with  the  new  problems 
facing  him.  This  change  in  scientific 
concept,  perhaps  far  more  than  the 
change  in  technological  pace,  is  the 
villain  of  the  piece  that  prompts 
young  engineers  just  out  of  college  to 
say  “my  education  was  obsolete”. 

As  Professor  White  further  empha- 
sizes— “in  the  future,  engineers  are 
going  to  have  to  understand  the  phy- 
sical sciences  in  depth,  and  also  their 
exploitation.  This  new  curriculum  is 
called  engineering  science  because 
educators,  for  one,  have  not  faced  the 
fact  that  what  they  thought  was  en- 
gineering, is  not  engineering  today. 
This  is  the  transition  stage.  What  is 
called  engineering  science  is  engi- 
neering, and  it  is  the  kind  that  within 
the  next  decade  will  have  to  be  taught 
and  practised  in  universities  and  in- 
dustry.” 

So  when  James  Zeder  of  Chrysler 
points  out  “we  are  just  beginning 
to  realize  the  immense  size  of  the 
demands  which  the  rapidity  of  tech- 
nological change  is  making  on  our 
educational  institutions,”  and  adding 
“that  the  biggest  challenge  faced  by 
the  engineering  educator  is  not  that 
of  preparing  the  student  for  today’s 
jobs,  but  for  the  tasks  of  the  future”. 
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we  should  recognize  that  what  we 
understand  as  engineering  is  chang- 
ing, and  that  we  are  not  merely 
climbing  on  the  scientist  bandwagon! 

His  further  remarks  bear  out  more 
of  this  same  concept  when  he  says 
“the  hardware,  plumbing  and  wiring 
in  today’s  undergraduate  engineering 
curricula  should  be  reduced  drasti- 
cally or  eliminated  altogether.  The 
four-year  curriculum  should  not  waste 
the  student’s  time  by  teaching  him 
specialized  techniques  that  are  cer- 
tain to  become  obsolete.  Instead,  it 
should  provide  him  with  the  scien- 
tific and  engineering  fundamentals 
that  will  prepare  him  to  meet  new 
challenges — to  explore  new  frontiers 
— and  to  tackle  new  jobs.” 

Actually  this  is  just  what  the  Am- 
erican Society  for  Engineering  Edu- 
cation did  recommend  back  in  1935. 
That  was  the  emergence  of  this  new 
kind  of  curriculum  commonly  known 
as  Engineei'ing  Science.  It  puts 
greater  emphasis  on  the  basic  sciences 
of  mathematics,  physics,  and  chemis- 
try, and  on  the  engineering  sciences, 
which  include  mechanics  of  solids, 
fluid  mechanics,  thermodynamics, 
transfer  and  rate  mechanisms,  elec- 
trical theory,  and  nature  of  properties 
of  materials  . . . and  much  less  em- 
phasis on  the  hardware,  plumbing 
and  wiring.” 

While  there  has  been  a definite 
trend  in  this  direction  in  the  curricula 
of  some  Canadian  colleges,  it  is  by 
no  means  universal,  and  there  are 
definite  evidences  of  rather  strongly 
divergent  opinions  on  the  matter. 
This  extends  even  into  an  industry 
where  many  are  convinced  that  the 
engineering  colleges  have  got  a bit 
far  from  reality,  and  that  they  .should 
come  down  to  earth  and  reflect  on  the 
needs  of  our  Canadian  economy. 

It  has  been  pointed  out  that  we 
in  Canada  do  very  little  basic  re.search 
and  development;  only  1%  of  CNF, 
(Finaneial  Post,  28  January  1961)  and 
only  1/3  ol  (his  by  industrv';  and 
henee  our  need  is  for  “practical”  en- 
gineers who  arc  ])rimarily  eoneeriu'd 
with  building  things,  ratln'r  than  liv- 
ing on  Cloud  Nine. 

It  has  also  bec'ii  stated  that  an 
engineering  course  in  Canada  has 
long  been  reeogniz('d  as  a good  sound 
all-around  edneation,  and  has  Ix'en  a 
prime  sonree  ol  management  mati'rial 
in  many  industries. 

I he  s.nne  can  be  said  ol  gr.idnales 
who  enter  sales,  manniaetnring,  o|)- 
eralions  or  maintenanee. 

1 his,  I mainlain  is  oni'  problem.  II 
We  accept  (he  hypothesis  that  what 
we  ihonghi  was  engineering  is  no 
longer  engiiua'iing  llu'ii  we  mnsi  re 
(wahiale  onr  engiiu'ering  emrieida. 


In  Canada  at  present  there  are  18 
engineering  colleges  that  will  grant 
professional  degrees  in  1961.  In  the 
great  majority  of  these  colleges, 
students  enter  the  engineering  course 
with  little  or  no  concept  of  what  en- 
gineering work  is — or  exactly  how 
they  will  practise  their  profession  on 
graduation. 

In  most  instances  they  have  entered 
engineering  because  of  a proficiency 
in  mathematics  and  sciences  in  high 
school.  Few  of  them  have  even  met, 
let  alone  talked  to  a professional  en- 
gineer. Over  some  13  years  as  a re- 
cruiter of  engineering  personnel — I 
have  repeatedly  asked  graduating 
students  “why  did  you  take  engineer- 
ing?” I feel  that  most  students  try 
to  give  an  honest  answer— and  it 
usually  is  that  they  really  don’t  know. 
In  many  instances  they  decided 
against  a course  in  pure  science  be- 
cause they  wanted  something  more 
practical  or  more  active — in  short 
they  wanted  to  be  working  with 
things  rather  than  concepts.  They 
are  usually  uncertain  how  they  will 
do  this,  or  what  really  professional 
engineering  work  involves. 

With  students  entering  the  profes- 
sion so  unprepared,  there  is  little  that 
the  universities  can  do  except  provide 
a challenge  and  a stimulation  that 
will  encourage  the  student  and  raise 
his  sights  for  the  future. 

All  too  frequently,  however,  be- 
cause of  geographical  problems  of 
summer  employment,  the  difficulties 
in  gaining  industrial  experience,  and 
the  fact  that  students  generally  must 
take  jobs  that  produce  the  greatest 
number  of  dollars  in  order  to  finance 
their  education,  those  that  graduate 
are  still  confused  and  uncertain  about 
the  future. 

Now'  I will  readily  admit  that  man\’ 
of  us  in  the  engineering  profession 
today  probably  graduatexl  feeling  the 
same  way.  However,  far  too  main' 
graduates  today  in  my  opinion  are 
more  interested  in  work  that  rightb' 
belongs  to  the  technologist  or  tech- 
nician. 

Ih'coids  will  .show  that  the  student 
who  graduates  with  an  engineering 
(legri'e  Irom  a Canadian  uni\eisit\' 
has  well  abosi'  as'i'iage  brain  iiower. 
One  Canadian  uni\'('rsit\  ]ioints  ont 
that  13  to  18%  of  thoS('  who  enter 
the  ('ugima'i  ing  eourse  w ill  not  grarlu- 
al(\  and  that  onl\’  5%  ol  the  dro]i- 
ouls  will  b('  for  reasons  ollu'r  than 
academie!  If  llu'ir  high  sr'hool  gradu 
ation  standing  was  below  6.3';.  none 
will  gradu. i((',  and  onl\'  I 3' . will  go 
through  lh('ir  eoursi'  without  an\  l.iil 
uri's  or  suiiplement.ds, 

I leid  th.it  w('  I'.m  .irgiu'  (h.it  Irom 
.m\  .maKsis  of  tlu'  wnrld  .diout  us 


today,  three  facts  emerge. 

1.  Discoveries  are  rapidly  being 
made  that  contradict  our  formerly 
held  scientific  beliefs. 

2.  Discoveries  are  being  ex- 
ploited at  a rate  that  makes  obsolete 
many  of  our  current  engineering  prac- 
tices. 

3.  Both  of  these  are  occurring 
at  a rate  that  brings  about  sweeping 
changes  in  technology  in  a short  time 
compared  to  the  length  of  an  engi- 
neer’s career.  While  this  poses  prob- 
lems for  the  colleges,  it  also  poses 
very  real  problems  for  industry  and 
the  profession. 

Even  if  the  engineer  is  acquainted 
with  current  technology — ^he  has  to 
be  a better  engineer  to  make  use  of 
it.  There  was  a time  when  he  could 
take  comfort  in  the  fact  that  even  if 
he  were  not  too  creative,  he  could 
at  least  do  the  routine  engineering 
work.  No  longer  can  he  take  refuge  in 
the  fact  that  he  can  do  the  routine 
jobs  well,  because  these  jobs  can  now 
be  handled  by  sub-professional  people 
or  automatic  machinery. 

This  is  not  yet  the  whole  story. 
Impressed  by  its  success  in  doing 
development  programs  on  a crash 
basis,  management  has  come  to  re- 
gard it  as  reasonable  to  expect  the 
unreasonable. 

Dean  Carson  of  Cornell  emphasized 
this  point  recently  w'hen  he  said 
“there  is  a very  real  problem  in\'oh'- 
ing  the  effective  life  of  an  engineer. 
Conditions  are  changing  so  rapidly 
that  an  engineer  10  years  out  of  col- 
lege may  fall  behind.  There  must  be 
refresher  courses  for  older  engineers, 
otherw  ise  industry’s  only  alternative  is 
to  hire  new  young  graduates  who  are 
on  top  of  recent  developments.” 

The  problems  I have  mentioned 
spread  be\ond  our  engineering  col- 
leges into  industry  and  the  profession 
itself. 

No  other  profession  has  as  short 
a iieriod  of  training,  and  probabh' 
few  other  professions  find  students  so 
ill-prepared  on  entrance  to  their  uni- 
\ersit\'  eourse.  Many  technical  socie- 
ties and  .some  high  schools  are  making 
a sineere  effort  to  proxiile  career  in- 
formation. but  there  is  a need  for 
gre.iter  eonnselling  in  this  whole  are.i. 
H.ised  on  geogr.iphieal  considerations 
.ilone.  it  is  an  .ilmost  insnrmount.ible 
t.isk, 

riiis  K'.uls  to  .1  furtlu'r  itoint.  Is  the 
lour-\e.ir  I'ourse  .ulequate  !('  moot 
tod.n  s lu't'ds?  In  terms  ol  lei'tnii's 
.nul  labor.ilors  periods,  (he  amount 
ol  tinu'  spent  b\  the  studimt  has 
\.uiixl  little  (W('r  tlu'  (Vist  23  \c.;:s. 
VdmittedK  there  h.iw  lu  on  m.nn 
enrrii’uhnn  . h.mges.  shilts  of  e i pi  . 
sis.  .nul  improved  te.uh'iu  te. 
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niques,  but  it  seems  impossible  to 
imagine — even  if  we  admit  that  the 
present  generation  is  smarter  than 
we  were — that  the  fantastic  changes 
over  this  same  period  could  be  added 
to  the  curriculum  in  the  same  period 
and  term  structure. 

If  the  engineering  course  is  to  be 
lengthened,  how  is  it  to  be  done? 
There  are  many  proponents  of  the 
five  year  post-senior  matriculation 
course,  but  there  are  differences  as 
to  whether  this  extra  year  should  be 
pre-engineering  or  post-graduate.  One 
solution,  such  as  lengthening  the 
terms  as  is  common  in  British  and 
European  Universities,  is  not  too 
popular  in  Canada.  The  principal  ar- 
gument is  that  undergraduates  need 
the  longer  vacation  to  earn  their  fees. 
This  argument  is  undoubtedly  true 
at  present,  but  it  is  not  a reason  of 


to  the  university  itself,  in  terms  of  a 
vigorous  outlook  and  attracting  high 
calibre  staff. 

There  is  evidence  of  a general  im- 
provement in  the  number  of  gradu- 
ates going  on  for  post-graduate  work; 
some  directly  on  graduation,  and 
some  after  industrial  experience.  In 
the  Session  1955-56  there  were  290 
students  registered  in  the  engineering 
graduate  schools  (76  Doctors,  214 
Masters),  while  in  Session  1960-61 
there  were  721  (132  Doctors,  589 
Masters). 

Traditionally,  certain  fields  of  en- 
gineering have  attracted  more  stu- 
dents into  the  graduate  schools,  and 
based  on  a comparison  of  the  1960-61 
session  it  is  apparent  that  the  fields 
of  ehemical  and  metallurgical  engi- 
neering lead  by  a wide  margin. 

We  have  always  needed  and 


Graduating  in  1961 

Bachelors  Doctors  Masters 

Metallurgical  62  9 35 

Chemical  258  23  55 

Electrical  644  6 99 

Mechanical  508  5 74 

Civil  779  7 107 

(NRC  December  1960) 


Post-Graduates 

Percent 

71.0 

30.0 
16.3 
15.5 
14.65 


which  we  as  Canadians  should  be 
proud,  since  our  aid  to  students  falls 
well  below  that  of  most  other  civilized 
countries. 

Those  who  favor  the  pre-engineer- 
ing year  suggest  it  be  used  for  cul- 
tural subjects  as  well  as  basic  mathe- 
matics. In  short  some  feel  it  should 
be  used  to  take  up  the  slack  out  of 
the  high  schools  and  prepare  students 
for  the  way  ahead.  In  many  respects 
this  is  true,  and  many  of  the  short- 
comings of  which  engineering  stu- 
dents are  accused  such  as  poor  gram- 
mar, spelling  and  ability  to  write 
essays,  are  due  to  the  failure  of  the 
high  schools  rather  than  to  any  uni- 
versity courses.  Perhaps  we  can  save 
valuable  teaching  time  by  thrusting 
back  down  into  the  high  schools, 
much  of  the  basic  “readin’,  ’ritin’  and 
’rithmetic.” 

Since  our  present  concept  appears 
to  be  that  the  undergraduate  engi- 
neering curriculum  consists  essentially 
of  mathematics,  basic  scientific  prin- 
ciples, analysis  and  synthesis  and  em- 
phasis on  the  orderly  presentation  and 
handling  of  scientific  data,  it  cannot 
provide  detailed  knowledge  in  any 
field.  Hence  the  now  apparent  neces- 
sity of  post-graduate  work  in  many 
areas.  The  fifth  (or  more)  years  should 
be  the  post-graduate  years.  This  ap- 
proach too  has  much  in  its  favor.  The 
value  of  post-graduate  work  in  many 
of  the  newer  fields  such  as  feed-back 
control  systems  and  heat  transfer  can- 
not be  overlooked,  and  equally  im- 
portant is  the  value  of  such  work 


profited  by  better  education  for  our 
people  but  the  need  for  continued 
education  is  a more  recent  problem. 
Most  students  graduating  in  engineer- 
ing are  uninterested  in  further  post- 
graduate study — and  this  includes 
many  in  the  top  levels  of  their  classes 
academically.  For  some  the  reason  is 
financial,  for  others  an  uncertainty 
of  their  future  work  or  complete  lack 
of  knowledge  as  to  just  what  their 
engineering  work  entails.  Still  others 
believe  or  have  been  told  that  they 
are  academically  incapable  of  such 
work. 

Therefore,  it  could  be  argued  that 
an  additional  year  added  to  the  pres- 
ent engineering  course  would  not 
really  produce  a much  better  result 
than  our  present  system,  but  might 
have  the  effect  of  introducing  an 
even  higher  wastage  of  manpower 
through  failure  to  complete  the 
course.  What  appears  to  be  needed 
is  better  communication  of  industrial 
and  national  requirements  back  to  the 
engineering  undergraduate  along  with 
even  more  financial  post-graduate  as- 
sistance, to  encourage  the  capable 
students  to  continue  into  post-gradu- 
ate schools. 

With  the  present  crowded  under- 
graduate curriculum  it  is  difficult  to 
imagine  how  further  training  in 
humanities,  ethics,  professional  atti- 
tudes can  be  introduced. 

Engineering  undergraduates  have 
been  traditionally  rather  “different” 
in  comparison  with  the  rest  of  the 
population.  Individually  they  are  the 


same  of  course,  but  collectively  they 
are  inclined  to  remain  apart  from  the 
intellectual  life  of  the  university  and 
devote  their  energies  to  the  more 
boisterous  college  activities. 

Most  engineering  undergraduates 
spend  about  30  hours  each  week  in 
lectures,  laboratory  and  problemi 
periods.  The  very  minimum  study 
time  eaeh  week  is  an  additional  20 
hours,  and  this  will  vary  with  the  in- 
dividual. If  very  much  travel  to  and 
from  class  is  involved,  the  student 
will  find  it  hard  to  take  on  very  much 
extra-curricular  activity  unless  he  is 
outstanding.  This  may  be  a reason 
that  so  little  of  the  apparent  cultural 
value  of  a university  “rubs  off”  on 
engineers! 

Since  the  great  majority  of  engi- 
neering graduates  will  work  iu  Cana- 
dian industry,  and  since  their  work- 
ing life  in  industry  will  be  long  in 
comparison  to  the  period  in  univer- 
sity, the  problem  of  engineering  edu- 
cation is  not  only  that  of  the  uni- 
versities; but  there  is  an  equal  ob- 
ligation on  industry  and  the  individual 
engineer. 

Our  engineering  schools  have,  in 
my  opinion,  fulfilled  their  obligation 
if  they  have  taught  the  basic  engi- 
neering and  scientific  principles  and 
trained  the  graduate  to  continue  to 
grow  and  think  independently. 

It  is  the  obligation  of  industry  to 
provide  the  climate  for  growth,  and 
where  necessary,  the  tools.  Experience 
alone  is  not  necessarily  the  best 
teacher;  it  is  the  slowest,  and  very 
likely  the  most  expensive.  Ten  years 
of  experience  is  not  too  valuable  if 
it  is  one  year  of  experience  repeated 
10  times. 

The  other  obligation  is  that  of  the 
individual  engineer.  The  best  de- 
velopment is  self-development.  Unless 
the  new  graduate  is  prepared  to  grow 
himself  not  only  technically,  but  also- 
in  the  humanities,  business,  economics 
and  other  fields — ^there  is  no  other 
way. 

So  we  see  that  the  problems  are  not 
simple,  or  even  -clear.  I feel  at  times 
that  I have  committed  one  of  the 
gravest  of  engineering  errors — in  not 
defining  the  problem.  But  it  is  diffi- 
cult in  Canada  to  see  our  problem 
clearly — because  of  geographical  and 
economic  limitations.  From  my  own 
experience  I know  that  the  universi- 
ties will  welcome  constructive  sug- 
gestions from  industry  as  well  as  from 
professional  and  technical  societies. 

It  is  not  a matter  of  a tug-of-war 
between  the  traditionalists  and  radi- 
cals in  the  matter  of  engineering  edu- 
cation. It  is  the  very  real  problem 
of  being  ready  for  the  future. 
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Many  of  our  Canadian  communi- 
ties have  reached  the  saturation 
point  respecting  industrial  develop- 
ment. Others,  like  that  of  Saskatoon 
stand  upon  the  brink  of  becoming 
an  industrial  centre,  and  there  are  still 
others  that  are  fast  becoming  leaders 
in  the  industrial  field.  Industries,  it 
must  be  stated,  are  recognized  as  the 
major  contributors  to  difficult  sewage 
problems.  It  further  seems  appropriate 
to  present  this  paper  since  the  Fed- 
eral Government,  in  recent  months, 
has  taken  steps  to  financially  assist 
in  sewage  treatment  and  thus  to  en- 
courage plant  consti'uction  in  order 
to  reduce  the  ever-growing  problem 
of  stream  and  soil  pollution. 

The  City  of  Saskatoon  is  situated 
on  the  South  Saskatchewan  River. 
The  present  population  is  approxi- 
mately 95,000.  Measured  stream  flow 
conditions  at  Saskatoon  have  been  as 


low  as  500  c.f.s.  and  as  high  as  148,- 
000  c.f.s.  The  Royal  Commission  on 
the  South  Saskatchewan  River  Proj- 
ect established  the  average  mean 
monthly  flow  at  5,000  c.f.s.  The  as- 
pect of  stream  flow,  of  course,  will 
change  sharply  after  completion  of 
the  South  Saskatchewan  River  Dam. 
The  quantity  of  sanitary  sewer  ef- 
fluent now  passing  into  the  river  has 
been  determined  to  be  30  c.f.s.  peak 
daily.  These  figures,  of  course,  give 
rise  to  investigations  to  determine 
whether  it  is  now  necessary  for  the 
City  of  Saskatoon  to  install  sewage 
treatment  facilities.  At  the  time  of 
writing  this  paper  approximately  85% 
of  all  sanitary  sewage  received  “pre- 
paratory treatment”  by  being  passed 
through  a comminution  station.  The 
remaining  15%  was  passed  directly 
into  the  stream  without  any  form  of 
treatment. 


On  March  19th,  1942,  the  City  of 
Saskatoon  was  served  with  an  in- 
junction by  the  adjoining  rural  muni- 
cipality requiring  that  “the  sewage  be 
sufficiently  purified  and  deodorized 
so  as  to  remove  and  avoid  all 
menace  to  the  public  health  and 
so  as  not  to  be  or  create  a nuisance.” 
Since  that  time  steps  have  been  taken 
to  comminute  all  the  sewage.  This  in- 
volved the  construction  of  “collector” 
systems  in  order  to  direct  the  effluent 
into  a main  interceptor. 

The  City  of  Saskatoon  has  been  in 
the  enviable  position  of  being  so  lo- 
cated that  no  town,  factory,  or  in- 
dustry uses  the  water  downstream  to 
its  confluence.  With  the  doubling  of 
population  in  the  past  10  years;  a 
surge  toward  industrial  growth;  the 
growing  consciousness  of  stream  pol- 
lution, a recognition  of  the  riparian 
rights  of  others  and  the  encourage- 
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ment  being  received  from  the  senior 
governments  it  has  been  necessary  to 
take  a second  look  at  present  and 
future  needs  for  sewage  tieatment. 

Klein  in  his  book.  Aspects  of  River 
Pollution,  (Butterworths  Scientific 
Publications  1957),  states: 

“It  has  however  long  been  laid 
down  by  the  courts  that  what  matters 
is  what  goes  into  the  stream  not  the 
condition  of  the  stream  into  which  it 
goes  and  the  offence  is  to  add  some- 
thing which  would  pollute  the  stream 
if  its  waters  were  pure.” 

“Certain  rights  exist  at  common 
law  which  affect  the  pollution  of 
rivers.  These  relate  or  attach  to  the 
land  through  which  a stream  flows. 
The  right  to  a flow  of  pure  water 
is  a natural  right  of  property  and  a 
riparian  owner  on  a natural  stream 
having  a right  to  that  stream  in  a 
natural  state  has  the  right  of  action 
if  the  water  is  polluted,  even  though 
in  fact  he  sustains  no  actual  damage. 
It  makes  no  difference  to  his  rights 
against  one  pollutor  that  the  river  is 
also  polluted  from  other  sources.” 

On  the  other  hand  there  are  those 
who  claim  that  not  only  should  our 
rivers,  streams  and  lakes  become  a 
means  of  providing  drinking  and  in- 
dustrial water  but  also  that  it  is  one’s 
privilege,  to  a degree,  to  use  these 
facilities  for  the  deposition  of  sewage 
and  industrial  wastes. 

These  natural  resources,  howe\’er, 
cannot  be  used  indiscriminantly  for 
repositories  for  the  disposal  of  un- 
treated wastes  on  the  one  hand  and 
sources  of  drinking  water  on  the 
other  hand.  To  be  practical  it  must 
be  realized  that  we  cannot  economi- 
cally avoid  a degree  of  water  pol- 
lution. To  those  who  administer  to 
the  needs  of  our  communities  must 
fall  the  responsibility  of  providing  the 
maximum  benefit  to  the  maximum 
populace,  without  infringing  on  the 
rights  of  the  individual. 

The  City  of  Saskatoon  for  many 
years  has  been  asking  the  question: 
“To  what  extent  can  we  permit  our 
stream  to  be  used  as  a vehicle  to  dis- 
pose of  wastes?”  The  answer  is  now 
being  sought  by  taking  the  initial  step 


towards  the  construction  of  treatment 
facilities. 

Objectives  of  Sewage  Treatment 

The  objectives  of  sewage  treatment 
are  the  avoidance  of  nuisance  and 
danger  to  health  arising  from  the 
discharge  of  untreated  sewage.  There 
are  many  criteria  of  pollution  of 
streams  and  lakes  by  sewage  and  in- 
dustrial waste.  Four  of  common  ones 
are: 

(1)  Oxygen  depletion 

(2)  Suspended  Solids 

(3)  Grease 

(4)  Coliform  Density 
Depletion  of  oxygen:  The  condition 

of  organic  matter  discharged  with 
sewage  or  industrial  waste  into  a 
lake  or  sReam  is  intimately  associ- 
ated with  the  availability  of  oxygen. 
In  the  decomposition  process  of  sew- 
age, oxygen  is  consumed  by  the  or- 
ganisms which  in  turn  produce  carbon 
dioxide  and  certain  nitrogen  gases. 
If  the  dissolved  oxygen  content  in  a 
lake  or  stream  is  maintained  and  other 
conditions  are  conducive  to  the  growth 
of  the  lowest  form  of  organisms  then 
all  forms  of  life  in  the  streams  will 
flourish.  If  a depletion  of  the  dis- 
solved oxygen  occurs  to  too  great  an 
extent  the  higher  forms  of  life  will 
be  affected  seriously  and  may  suc- 
cumb, resulting  in  a serious  change 
in  the  mode  of  life. 

In  the  absence  of  oxygen  the  aero- 
bic organisms  disappear  and  anaero- 
bic organisms  develop.  The  anaerobes 
exist  in  tbe  absence  of  free  oxygen  but 
in  their  metabolism  use  oxygen  from 
other  constituent  elements  in  the  water 
such  as  nitrogen  and  sulphur  com- 
pounds. The  result  is  often  a septic 
condition,  with  foul  appearance  and 
obnoxious  odours.  Too  high  a de- 
mand on  the  receiving  water  for 
oxygen  by  the  organic  matter  in  the 
sew'age  or  waste  may  result  in  com- 
plete depletion  of  oxygen  and  the 
conditions  referred  to  above.  With 
either  aerobic  or  anaerobic  decompo- 
sition, the  ultimate  products  are 
mineral  and  stable  organic  materials. 
These  have  the  appearance  and  the 
odour  of  earth.  For  the  sake  of  visual 


and  olfactory  aesthetics  the  decom-  j 
position  of  sewage  should  be  aecom- 
plished  in  waters  having  sufficient 
oxygen. 

There  is  a relationship  between  the 
normal  maximum  saturation  amount 
of  dissolved  oxygen  in  water  and  its 
temperature.  For  example,  cold  water 
can  retain  more  oxygen  than  warm. 
Water  may  be  supersaturated  with 
oxygen  by  agitation  with  air  such  as 
may  occur  in  a rapids  area.  Dis- 
solved oxygen  content  will  increase 
where  a release  of  oxygen  by  aquatic 
plants  is  encouraged  by  the  influence 
of  sunlight. 

A demand  by  organisms  for  oxy- 
gen may  dimmish  the  dissolved  oxy- 
gen below  the  saturation  value.  This 
demand  for  oxygen  is  termed  bio- 
chemical oxygen  demand  (B.O.D.).  ; 

In  order  that  organisms  may  continue 
to  exist,  a supply  of  oxygen  must  be  ' 
replenished  normally.  This  is  done  | 
from  the  atmosphere  or  by  photo-  | 
synthetic  organisms,  but  may  be  ar-  | 
tificially  introduced  by  chemicals  or 
by  oxygen  gas. 

The  rate  of  transfer  of  oxygen  be- 
tween the  atmosphere  and  the  body 
of  water  in  question  will  vary  with  j 
many  factors,  such  as  the  depletion  I 
of  oxygen  below  its  saturation  in  the 
water,  the  area  exposed  to  the  atmos- 
phere, and  the  nature  of  the  surface 
of  the  water.  If  being  agitated  such 
as  in  a rapids  area  of  a stream,  the 
transfer  will  be  more  rapid,  whereas 
on  a quiet  lake  the  transfer  may  be 
very  slow.  With  an  interposed  sheet  of 
ice,  there  may  be  no  transfer  of  oxy- 
gen at  all.  Tests  on  various  streams 
have  made  it  possible  to  formulate 
the  various  factors  involved  in  deter- 
mining the  probable  depletion  of  oxy-  ' 
gen  in  a stream  by  correlating  the  ! 
effect  of  the  known  sewage  strength  | 
(oxygen  demand)  and  the  ability  of  j 
the  stream  to  supply  oxygen  to  meet  | 
this  demand.  i 

Suspended  Solids:  When  sewage  or 
industrial  waste  containing  a high  con- 
centration of  suspended  solids  is  dis- 
charged into  streams  or  lakes,  the 
solids  may  settle  out  and  form  sludge  j 
beds  in  the  slower  reaches  of  the  ! 


Table  I 

Results  of  Analyses  on  Raw  Sewage  from  Comininutor  Station 

Volatile 

Suspended  Suspended  5-Day  Seitleable 

Total  Solids  Solids  Solids  BOD  Grease  Solids  COD  Alkalinity 


No.  Day  ppm  pprti  ppm  ppm  ppm  cc /litre  ppm  pH  ppm 


1 Tues.  May  26/59 1030  270  218  210  49  5.0  — 7.6  — 

2 Tues.  .June  16/.59 966  438  340  270  111  6.5  — 7.3  — 

3 Mon.  June  22/59 1054  460  324  260  77  4 5 — 7.2  — 

4 Tues.  July  19/60 1090  200  160  250  75  4.5  340  7.0  184 

5 Fri.  Aug.  5/60 930  .300  140  175  83  5.3  145  7.8  213 

6 Mon.  Aug.  8/60 740  240  120  142  90  5.1  670  8.1  205 

7 Wed.  Aug.  10/60  750  200  110  295  82  4.8  440  7.2  232 

8 Thurs.  Aug.  11/60 870  210  1,50  190  75  7.0  580  7.0  207 

9 Fri.  Aug.  12/60 — 160  120  300  70  5.0  42?  7.4  530 
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' receiving  body  of  water.  These  de- 
posits forming  on  the  bottom  of 
streams  and  lakes  may  interfere  with 
the  natural  life  existing  therein  and 
I can  give  off  obnoxious  gases  and 
I scum  formed  by  the  anaerobic  de- 
composition of  the  organic  matter  in 
the  deposits. 

! Grease-.  An  excessive  amount  of 
grease  discharged  in  lakes  or  streams 
floats  on  the  surface  but  eventually 
i find  its  way  to  the  shore  line  and 
; coats  the  bank,  thus  creating  un- 
I sightly  conditions. 

Coliform  Density:  Sewage  contains 
; organisms  which  can  cause  illness  and 
j disease.  The  coliform  group  of  bac- 
I teria  are  relatively  harmless  in  them- 
j selves,  but  it  is  generally  considered 
I that  where  coliforms  are  present, 
' pathogenic  (disease  producing)  bac- 
Î teria  may  also  be  present.  Since  it  is 
I not  too  difficult  to  determine  pres- 
ence of  coliform  organisms  and  their 
approximate  density,  the  density  of 
them  is  used  as  a measure  of  the 
degree  of  pollution. 

Quality  of  the  River  Water 

Systematic  analyses  of  the  South 
Saskatchewan  River  water  carried  out 
by  the  Department  of  Public  Health 
and  the  Provincial  Department  of 
Natural  Resources  indicated  a high 
level  of  dissolved  oxygen  at  all  times. 
The  lowest  level  occurred  usually  in 
mid-summer  with  a minimum  of  7.8 
milligrams  per  litre  or  86%  satura- 
tion. One  test  taken  in  mid-winter 
showed  9 milligrams  per  litre  or  66% 
saturation.  Water  temperatures  from 
late  October  to  late  April  were  an 
average  minimum  of  33°  F.  In  the 
other  six  months  the  average  tempera- 
ture was  usually  66°  F.  with  the 
rccoixled  maximum  of  7.5°  F.  Exami- 
nation of  the  river  downstream  from 
Saskatoon  did  not  indicate  the  for- 
mation of  any  .sludge  banks. 

On  the  basis  of  the  .sur\eys  carried 

FIG.  m 

CITY  Of  SASKATOON 

F'fM  CAPITA  COSTS  Of  VARIOUS  SCWAQC  THtATMCNT  MCThODS 
IIASLD  ON  1000  TORONTO  PRlCC  . 


out,  there  appeared  to  be  little  in- 
dication of  serious  pollution  of  the 
stream,  although  the  report  of  the 
Department  of  Natural  Resources  in- 
dicated some  apprehension.  However 
some  regulatory  authorities  have 
adopted  the  policy  that  no  sewage  or 
waste  should  be  discharged  into  a 
stream  or  lake  without  at  least  pri- 
mary treatment.  The  other  factor, 
however,  that  is  quite  important  in 
Saskatoon  is  the  injunction  served  by 
a Municipal  District  requiring  the 
city  not  to  dispose  of  untreated  sew- 
age in  the  river.  Regardless  of  what 
the  Health  authorities  might  accept  as 
stream  sanitation  standards,  there  is 
always  the  danger  that  a downstream 
user  may  take  court  action  and  ob- 
tain damages  or  the  requirement  for 
the  City  to  treat  its  sewage.  Thus  con- 
sideration of  the  problem  at  this  time 
is  certainly  justified. 

Quality  of  Sewage 

As  with  a stream  there  are  many 
crietria  which  are  used  to  describe 
the  quality  of  sewage  and  industrial 
waste.  Three  of  the  most  common 
for  domestic  sewage  are: 

(1)  B.O.D. 

(2)  Suspended  Solids 

(3)  Grease 

The  B.O.D.  test  is  the  most  com- 
mon test  used  to  determine  the 
amount  and  nature  of  organic  ma- 
terial in  the  sewage.  However,  other 
tests  such  as  ammoniacle  and  organic 
hydrogen,  permanganate  oxygen  ad- 
sorption, and  oxygen  taken  up  by 
potassium  dichromate  are  also  used 
and  have  application  under  specific 
conditions.  For  example  the  C.O.D. 
test  is  a determination  of  oxygen  con- 
sumed from  potassium  dichromate.  It 
is  used  quite  extensively  in  testing 
certain  inhibatory  trade  wastes. 
Among  the  important  factors  wliich 
determine  the  strength  of  sewage,  are 
tlie  type  of  sewage  (i.e.  coml)incd. 
separate,  or  partially  separate) 
amount  ol  inliltralion  water,  the  dail\' 
water  consumption  per  eapita,  the 
food  and  other  habits  of  the  popula- 
tion, and  the  amount  and  eliaracter 
of  industrial  wastes  present.  Sainjiles 
of  raw  sc'wagc'  were  taken  at  the  cit\  ’s 
eommimition  station  and  tlu'  results 
oi  analysc's  shown  in  'I'abU'  1.  'I'lu' 
first  tc'st  ix'snlt  shown  below  was  a 
eompositi'  of  four  hour  samples;  ti'St 
results  two  ;md  thix'e  wx'ii'  eomiiositi's 
of  threi'  hour  samples;  the  reuKiiiuh'r 
ol  tlu'  ix'sults  were  obt;iiued  gi'iu'ralb 
from  2-eup  gr;\b  sample's  take-u  e'\i'i'\ 
lull!  hour.  All  repix'Si'ut  2 1 hour  ei'in- 
posites. 

It  is  diflieiilt  to  ('st.rblish  ;i  eorrela- 
tioii  b('tw('eu  IU)1)  .md  COD  Irom 
tlu'  ;ibo\('  results. 

I''ig.  I shows  tlu'  x.uiatiou  in  iKrw 


BOD  and  suspended  solids  for  July 
19  and  August  5,  1960.  Also  plotted 
is  the  variation  in  the  total  BOD  load- 
ing. For  July  19  the  total  BOD  was 
23,090  lbs.  in  a total  flow  of  10  million 
imp.  gal.  or  an  average  BOD  of  2.51 
ppm.  This  compares  to  the  BOD  on 
the  composite  sample  for  the  same 
day  of  250  ppm.  For  August  5 the  cor- 
responding figures  are  16,200  lb. 
BOD  in  10.3  million  imp.  gal.  or 
158  ppm.  The  composite  for  this  day 
tested  at  175  ppm. 

Sewage  Flows 

We  have  not  as  yet  carried  out  a 
thorough  analysis  of  the  characteris- 
tics of  sewage  flows  in  Saskatoon. 
Fig.  2 shows  the  results  of  some 
measurements  taken  at  the  comminu- 
tor  station.  Where  design  flows  were 
needed  to  analyse  the  sewage  treat- 
ment problem  estimated  flows  pre- 
sented in  a report  by  Underwood  Mc- 
Lellan  & Associates  Ltd.  w'ere  used. 

Sewage  Treatment  and  Disposal 

There  are  many  conventional 
methods  used  for  the  treatment  and 
disposal  of  sewage.  These  can  be 
broken  down  in  general  as  follow's: 

(1)  Disposal  by  dilution 

(2)  Primary  treatment 

(3)  Complete  treatment 

Another  more  recent  method,  the 

use  of  sewage  stabilization  ponds  will 
be  considered  in  a following  section. 

Disposal  by  Dilution:  Much  pol- 
lution and  fouling  of  streams  has  been 
caused  in  the  past  by  the  uncontrolled 
discharge  of  raw'  sew'age  into  streams. 
Ne\-ertheless,  subject  to  certain  safe- 
guards the  method  of  disposal  by 
dilution  may  be  used  witli  satisfactor>’ 
results.  The  chief  limiting  factor  in 
man\'  cases  is  the  capacity  of  the 
stream  to  supply  oxygen  to  meet  the 
oxygen  demand  of  the  sewage  or 
waste,  without  reducing  the  oxxgen 
content  in  the  stream  to  below  a safe 
le\el.  Other  factors,  of  course,  are 
wliether  or  not  the  sewage  solids 
will  form  sludge  banks  that  are  ob- 
noxious or  grease  will  gi\e  trouble 
along  the  banks  of  tlu'  stream  or  the 
solids  ma\'  be  unsighth'.  The  problem 
ol  unsighth  solids  is  \ery  often 
handled  b\'  putting  in  sewage  grinders 
or  eonuninntors  to  grind  the  sewage 
before  diselunging  it  to  the  stream. 
In  the  ease  of  .Saskatoon  the  South 
S.iskatihew  an  Hi\er  has  ;i  large 
enough  I low  so  tint  the  oxygen  de- 
mand ol  the  ( at\'  sew  ag»'  does  not  de- 
jilett'  the  oxygen  in  the  I\i\er  to  ;m\ 
dangerous  degri'e.  .\lso.  the  t'om- 
ininntor  station  has  been  siu xessful 
in  elimin.iting  most  ol  the  miis.mt  o 
th;it  might  otherw  ise  ha\  e I'xisti  d 
liom  obji'etion.tble  floating  solids.  1 lu 
eommimtior  (rkint  w .is  inst.ilh .!  ; 

S.isk.itoon  .ibont  1912 
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Primary  Treatment:  Primary  treat- 
ment is  usually  accomplished  by  al- 
lowing solids  to  settle  out  of  the 
sewage  in  a sedimentation  tank.  Pri- 
mary treatment  facilities  may  include 
one  or  a combination  of  the  following: 
rakes,  screens,  comminutors  (these 
grind  coarse  matter),  skimming  tanks, 
grit  chambers,  settling  tanks  with 
manual  or  mechanical  solids  removal, 
chemical  precipitation  tanks,  septic 
tanks,  Imhoff  tanks. 

Sludge  thus  removed  is  treated 
separately  by  methods  such  as: 

i.  Digestion  (anaerobic  biologi- 
cal process)  in  heated  or  unheated 
tanks.  After  digestion,  sludge  may  be 
treated  by  such  procedures  as  drying 
on  drying  beds,  mechanical  filtra- 
tion or  incineration. 

ii.  Mechanical  filtration  of  raw 
sludge. 

iii.  Incineration  of  raw  sludge. 

Secondary  Treatment:  This  involves 

the  treatment  of  primary  effluent 
using  an  aerobic  biological  process, 
accomplished  by  the  use  of  either  the 
activated  sludge  or  the  trickling  filter 
process.  The  trickling  filter  process 
utilizes  a bed  of  crushed  stone  or 
gravel  over  which  sewage  is  sprayed. 
The  sewage  passing  through  the  rock 
bed  carries  air  along  and  is  treated 
as  it  contacts  a film  which  adheres 
to  the  stones.  The  organisms  living  in 
the  film  digest  and  liquefy  the  or- 
ganic matter  dissolved  or  suspended 
in  the  sewage.  Because  of  the  con- 
tinuous passage  of  air  through  the 
filter  bed,  this  process  is  an  aerobic 
one. 

Fine  particles  are  contained  in  the 
sewage  effluent  and  these  are  settled 
out  in  a final  sedimentation  tank.  The 
effluent  from  the  secondary  sedimen- 
tation tank  should  be  clear  and  in- 
offensive. 

In  the  activated  sludge  process,  the 
effluent  from  primary  sedimentation 
tanks  flows  into  a tank  into  which  air 
is  introduced  by  bubbling  or  by  mech 
anical  agitation.  Sludge  which  has 
been  through  the  process  and  has 
become  “activated”  by  this  air  is 
mixed  with  incoming  sewage.  The 
introduction  of  activated  sludge  is 
considered  to  be  a seeding  process, 
increasing  the  growth  of  aerobic  bac- 
teria of  the  species  which  are  most 
effective  in  the  digestion  of  the  or- 
ganic material  in  the  sewage  reach- 
ing the  aeration  tank. 

The  effluent  from  the  aeration  tank 
is  passed  through  secondary  sedimen- 
tation tanks  where  the  suspended 
matter  is  settled  out.  This  settled 
sludge  is  the  activated  sludge.  Ef- 
fluent from  the  secondary  sedimen- 
tation tank  should  be  clear  and  in- 
offensive. A combination  of  primary 


and  secondary  treatment  is  called 
complete  treatment. 

Sewage  Stabilization  Ponds 

During  the  past  few  years  the 
terms  sewage  lagoons,  oxidation 
ponds,  and  stabilization  ponds  have 
often  been  used  interchangeably. 
This  practice  has  led  to  some  con- 
fusion. 

About  13  years  ago,  when  the 
State  Health  Department  in  North 
Dakota  became  interested  in  the  use 
of  open  ponds  for  the  treatment  of 
raw  sewage,  such  ponds  became  gen- 
erally known  as  sewage  lagoons.  The 
term  was  normally  reserved  for  ponds 
used  for  treating  raw  sewage.  At  the 
same  time,  and  previously,  there 
were,  of  course,  many  ponds  which 
were  used  to  treat  either  primary  or 
secondary  sewage  effluent.  These 
ponds  were  normally  called  oxidation 
ponds. 

When  the  U.S.  Public  Health  Serv- 
ice became  interested  in  the  examina- 
tion of  lagoons  in  North  and  South 
Dakota,  the  confusion  in  terms  was 
recognized  and  the  term  waste  stabil- 
ization pond  was  brought  into  use. 

Towne  and  Davis^  define  a waste 
stabilization  pond  as  a structure 


specifically  designed  to  treat  liquid 
organic  wastes  by  biological,  chemi- 
cal and  physical  processes  commonly 
referred  to  as  natural  self-purification. 
Thus,  for  the  purpose  of  this  paper, 
the  term  stabilization  pond  will  be 
used  to  include  both  aerobic  and 
anaerobic  lagoons,  and  oxidation 
ponds. 

Sewage  ponds  have  been  utilized  in 
Asia  for  centuries,  but  our  earliest 
available  data  regarding  them  came 
from  various  parts  of  Germany  where 
valuable  crops  of  fish  were  grown  in 
sewage  ponds. - 

More  than  50  years  ago  sewage 
stabilization  by  photosynthesis  was 
utilized  in  the  southwestern  part  of 
the  U.S.  The  city  of  San  Antonio  em- 
ployed this  principle  in  1901.  The 
use  of  what  are  known  as  oxidation 
ponds  to  obtain  secondary  treatment 
of  sewage  appeared  in  California  in 
1924.  Until  about  12  years  ago,  the 
main  application  of  such  ponds  was 
for  the  final  treatment  of  effluent 
before  disposal. 

The  City  of  Fessenden  in  North 
Dakota  has  discharged  raw  sewage 
into  a slough  west  of  the  city  since 
1928.  This  slough  has  been  diked. 
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and  to  date  has  provided  adequate 
treatment.  However,  the  first  de- 
liberately designed  lagoon  in  North 
Dakota  was  constructed  at  Maddock 
in  1949,  and  as  a result  of  observa- 
tions of  it,  the  North  Dakota  State 
Health  Department  endorsed  the  use 
of  similar  facilities  for  the  treatment 
of  raw  sewage  from  many  municipali- 
ties in  that  state.  In  1955,  the  U.S. 
Public  Health  Service  started  a survey 
of  lagoons  in  North  and  South  Dakota 
and  concluded  that  they  were  an  ef- 
fective and  economical  answer  to 
treatment  and  disposal  problems. 

It  is  interesting  to  note^  that  in 
1940,  before  the  North  Dakota 
: Health  Department  became  interested 

I in  this  method  of  sewage  treatment 
experiments  were  conducted  in  Mel- 
i bourne,  Australia,  to  determine  the 
purifying  capacity  of  lagoons.  Pri- 
mary treatment  was  accomplished  by 
I the  use  of  relatively  small  lagoons 

I which,  because  of  their  size  and  high 
loading,  remained  anaerobic  at  all 
times.  Secondary  ponds  were  aei'obic. 
These  experiments  have  been  carried 
on  since  and  further  results  reported."^ 
The  general  practice  for  the  treat- 
ment of  municipal  sewage  in  the 
northern  plains  area  of  the  U.S.  and 
j in  Western  Canada  has  been  to  util- 
ize only  aerobic  lagoons.  In  most 
cases  this  has  involved  the  discharge 
of  raw  sewage  into  a single  pond  in 
j which  complete  treatment  is  accom- 
I plished.  The  retention  periods  and 
surface  areas  of  such  ponds  were  con- 
siderably greater  than  were  followed 
in  practice  with  the  oxidation  ponds 
used  in  the  southwestern  United 
States. 

The  lagooning  of  canning  wastes 
has  been  practiced  for  many  years 
and  the  organic  loadings  were  so 
higli  that  anaerobic  conditions  pre- 
vailed. Stabilization  ponds  have  been 
d('lil)crat('ly  designed  for  anaerobic 
operation  in  Australia  for  sewage  from 
the  City  of  Mell)onrne,'’' ’ in  New 
Zc'alaiid,''  and  the  U.S. A.  for  packing 
house  waste  and  in  Alberta  for  sew- 
age Irom  many  small  eoinmunilies. 
besulls  to  daU',  although  meagre,  in- 
dicate great  |)ossil)ilili('S  for  this  meth- 
od ()l  treatnu'iit. 

Aerobic  Slahlli/.ation  I’oiuls 

The  pioeess  of  sewage  treatment 
by  the  iitili/ation  ol  aerobic  stabiliza- 
tion ponds  is  ('ssentiallv  that  of  dis- 
eharging  raw  sewage  into  an  open 
pond  which  has  sniiieient  eaiiaeity 
to  pi'o\  ide  a e('rtain  desired  retention 
peiiod,  and  a large  enough  aiasi  to 
assure  that  aerobii'  conditions  aia' 
maint, lim'd.  Si'wage  after  retention  is 
disiiosi'd  ol  in  (aie  or  more  ol  three 
wa\s.  nameb  : pi'reolation  into  llu' 
soil.  eva|)oration.  and  o\  ('i  flow  . 


Standard  types  of  modern  sewage 
treatment  plants  simply  provide  facili- 
ties in  which  natural,  physical  and 
biological  purification  processes  are 
utilized  in  a very  small  space  under 
controlled  conditions.  In  nature  these 
processes  are  in  operation  at  all  times 
in  lakes,  ponds,  and  streams.  In  a 
sewage  treatment  plant  their  rates  of 
reaction  are  increased  tremendously, 
thus  allowing  concentration  into  a 
small  space.  Because  of  this  relatively 
high  rate  of  reaction,  especially  in 
biological  treatment,  the  operation  of 
the  plant  can  easily  be  upset  and 
therefore  has  to  be  controlled  by 
skilled  operators.  The  aerobic  stabil- 
ization pond  provides  primary  and 
secondary  treatment  similar  to  that 
of  a complete  sewage  treatment  plant. 

In  an  aerobic  sewage  pond  the  area 
is  large  enough  to  allow  absorption 
into  the  water  of  oxygen  to  supply 
the  oxygen  demand  of  the  sewage. 
In  addition,  to  the  transfer  from  the 
atmosphere  a major  source  of  oxygen 
is  from  the  growth  of  photosynthetic 
organisms  primarily  algae.  These  or- 
ganisms consume  carbon  dioxide  and 
produce  oxygen.  In  the  summer  the 
ponds  u.sually  have  veiy  heavy 
growths  of  algae  and  become  super- 
saturated with  oxygen.  During  colder 
weather  the  concentration  of  these 
organisms  is  reduced  and  a smaller 
amount  of  oxygen  is  supplied  for 
photosynthesis.  The  effect  of  photo- 
synthesis, however,  may  carry  on  well 
into  the  winter  months. 

The  design  of  an  aerobic  stabiliza- 
tion pond  must  be  such  that  the  re- 
quired surface  area  is  provided  and 
the  shape  and  depth  properly  pro- 
portioned to  assure  good  circulation. 
Circulation  is  necessary  to  supply 
oxygen  at  all  locations  where  it  is 
needed. 

Treatment  facilities  can  be  pro- 
vided in  a single  pond  or  in  more 
than  one  in  series  or  parallel.  Series 
operation  w’ill  cut  down  short  cirenit- 
ing.  Experience  with  this  t\pe  ol  ar- 
rang('nu'iit  indicates  that  it  is  prefer- 
able to  a single’  pond  especialK'  w lu’ie 
llu’  rediietion  of  eolilonn  density  is 
an  important  faetor.  'I'he  perei'iitagc' 
|■('dlleti()ll  ol  eolilonn  density  is  \i'r>' 
high  in  ac’i'ohie  ponds. 

Se'wage  is  iisualb’  disehargi'd  in 
about  lIu'  e('iitn'  of  tlu'  pond  or  when' 
S('ii{'S  operation  is  utili/e'd.  in  tlu’ 
e('iitn'  ol  the  priinarx'  pond.  Tlu'  pur- 
pose' ol  this  eominonb'  ac'eepti'd  prae- 
tiei’  is  to  assure'  that  the'  B.O.D.  load 
whieh  is  iiiitialK  applied  gets  the' 
be'iu'lit  ol  the'  be'St  eireiilation  anel 
tlu'ie'lore  the'  maximum  siippb  ol 
eixx  ge’ii.  ,\lso.  it  pro\  ieh'S  the'  h’.ist 
e'haiu'e'  ol  sludge’  be'ds  lorming  to  the' 
e'xteiit  th.it  th('\  will  protnieh'  .vboxe' 


the  surface  of  the  sewage. 

A limiting  factor  in  design  is  that 
of  winter  operation  during  which 
times  the  concentration  of  photosyn- 
thetic organisms  is  decreased  with 
the  resulting  reduction  in  available 
oxygen  supply.  In  addition,  ice  cover 
practically  eliminates  the  transfer  of 
oxygen  from  the  atmosphere  to  the 
sewage.  After  the  onset  of  winter 
there  is  progressive  decrease  in  the 
concentration  of  oxygen  in  the  ponds 
and  in  the  efficiency  of  treatment. 
However,  a limited  number  of  ob- 
servations on  lagoons  indicate  that 
the  efficiency  of  treatment  stays  up 
to  over  90%  even  in  January.  The 
minimum  efficiency  usually  occurs 
just  prior  to  break-up  at  which  time 
as  low  as  6.5%  B.O.D.  removal  has 
been  observed.  This  is  still  equivalent 
to  intermediate  treatment  and  such 
conditions  exist  only  for  a short  period 
of  time.  In  many  cases,  it  is  economi- 
cal to  provide  sufficient  storage  to 
allow  the  overflow  of  sewage  to  be 
stopped  at  times  when  the  efficiency 
of  treatment  is  too  low. 

Fig.  .3  shows  a comparison  of  costs 
of  aerobic  stabilization  ponds  with 
other  methods  of  treatment.  The  in- 
formation for  this  figure  w'as  obtained 
from  an  article  entitled  “Sew’age 
Treatment  Construction  Costs”,  by 
P.  P.  Rowan,  K.  H.  Jenkins  and  D.  W. 
Butler,  which  appeared  in  the  June 
1960  Journal  Water  Pollution  Con- 
trol Federation.  The  costs  w'ere  con- 
verted from  1913  dollars  to  1960 
Toronto  dollars,  by  means  of  the  En- 
gineering New’s  Record  Consti’uction 
Index. 

The  costs  for  stabilization  ponds 
do  not  include  the  outfall  line,  or 
any  pumping  facilities,  but  do  include 
any  piping  and  appurtenances  within 
the  limits  of  the  earth  dikes. 

■Anaerobic  Stabilization  Ponds 

The  most  common  and  long  estab- 
lished txi^e  of  anacrobie  treatment  is 
accomplished  in  the  septic  tank.  .Sep- 
tic tanks  at  one  time  were  used  einite 
freeiuentb-  for  the  treatment  of  mu- 
nicipal waste.  Howexer.  \er\'  tew  of 
them  ha\  i'  been  bnilt  lor  this  iiur- 
posi'  in  re’cent  x'cars.  (ioulle'r  et  al." 
(.airii'd  out  laboratorx'  experiments 
and  later'  pilot  plant  te'sts  on  an  .m- 
ae'robie  e.'oiit.u't  process  lor  tlu'  tri'at- 
nu'iit  ot  donu'stie  w.iste'.  .Additional 
te'sts  oil  the  pilot  idant  we'io  re'jxoilod 
l.ite'r."  ’t  ill'  purpose  ol  tlu'se'  e’xperi- 
ments  w .is  to  lind  ,i  low  ciist  mi'th..'.l 
ot  tri’ating  sew  .igi'  lor  sm.ill  sub- 
dix  isions. 

With  the'  .in.ierobii'  e.mt.iet  u'"' 
ol  the’  l.ibor.iteMx  set  up  .'pi'ialu'^ 
xxith  .1  OlK’-il.lx  ili'te'lltioM  ixe;  ■ .. 
B.DT)  ri'iui'xal  rangeil  fr.'iu  A t t 
7S'.  , .\xi’rage  67'. '■  at  I t .ea'.  .it  .'.’ir. 
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temperatures  averaged  81%.  No  odour 
nuisance  was  evident  in  the  labora- 
tory tests. 

A pilot  plant  was  constructed  and 
the  main  part  of  it,  the  sludge  con- 
tact unit,  consisted  of  a cone-shaped 
container  into  which  the  sewage  was 
discharged  at  the  bottom,  allowed  to 
percolate  up  through  a sludge  blanket 
and  decanted  off  the  top  in  a similar 
manner  to  a solids  contact  water  treat- 
ment unit.  Raw  sewage  in  effect, 
passed  through  a concentrated  sus- 
pension of  anaerobic  activated  sludge. 
The  detention  period  in  this  contact 
unit  was  less  than  24  hours.  From 
November  to  March  (mean  Air  Tem- 
perature less  than  3.5 °'C)  C.O.D.  re- 
moval averaged  54%  and  suspended 
solids  removal  74%.  From  April  to 
July  the  corresponding  removals  were 
77%  and  88%.  There  was  some  hydro- 
gen sulphide  production  but  not  in 
offensive  quantities. 

The  essential  difference  between 
the  anaerobic  contact  unit  and  a con- 
ventional septic  tank  is  that  the  an- 
aerobic contact  unit  had  a cone- 
shaped  bottom  and  the  raw  sewage 
was  brought  into  intimate  contact 
with  anaerobic  sludge  which  had  been 
in  the  unit  for  quite  some  time.  In 
a septic  tank  the  raw  sewage  comes 
in  at  the  top  and  leaves  at  the  top 
and  the  greatest  anaerobic  activiW 
takes  place  in  the  sludge  in  the  bot- 
tom of  the  tank  and  not  intimately 
connected  with  the  raw  sewage  pass- 
ing through  the  tank.  Schroepfer  et 
aF  used  anaerobic  tanks  to  treat  pack- 
ing house  wastes  but  with  tempera- 
tures maintained  of  about  95 °F. 

Anaerobic  lagoons  were  used  suc- 
cessfully by  Parker  et  aF  * in  Aus- 
tralia, in  1940.  Their  ponds  were  3 
ft.  deep  and  the  loadings  were  quoted 
on  an  aerial  basis.  Table  II  shows 
some  of  removal  rates  obtained  with 
these  anaerobic  lagoons. 

Table  II 

BOD  Reductions  During 
Anaerobic  Treatment 

*Detention  Time  B.O.D.  Removal 

Days  Ih. /acre /Jay 


1 1862 

2H  900 

5 470 

10  240 

“Average  water  depth  was  3 ft. 

In  these  experiments  sewage  from 
the  City  of  Melbourne  was  treated  in 
anaerobic  lagoons  followed  by  aero- 
bic lagoons.  Sludge  accumulation  was 
held  to  be  beneficial  to  the  process. 
The  odours  from  the  anaerobic  ponds 
were  negligible  once  alkaline  fermen- 
tation was  established  in  the  settled 
sludge. 

It  is  our  opinion  that  anaerobic 
ponds  should  be  deeper  than  3 ft., 


and,  the  deeper  they  are  the  better. 

In  experiments  carried  out  by  Coulter 
et  al,**  " ® it  would  appear  that  a verti- 
cal column  in  which  the  raw  sewage 
was  passed  up  through  a suspension 
of  activated  anaerobic  sludge  would 
produce  the  best  results.  This  may  be 
IDiactical  for  a plant  where  the  contact 
unit  is  constructed  of  steel  or  con- 
crete but  where  ponds  are  built  with 
earth,  area  and  depth  relationships 
are  limited.  Earthwork  ponds  should 
probably  be  as  deep  as  is  consistent 
with  economical  construction. 

It  is  recommended  that  the  sewage 
inlet  be  at  the  very  bottom  so  that 
the  raw  sewage  can  become  inti- 
mately associated  with  the  activated 
anaerobic  sludge.  In  Parker’s  work, 
the  loadings  are  shown  on  a basis  of 
lb.  acre/day.  It  is  probable  that  if  the 
ponds  had  been  9 ft.  deep  instead  of 
three,  but  with  one  third  of  the  area 
the  removal  figures  would  have  been 
three  times  those  given  in  Table  II. 
The  figures  in  Table  II  indicate  that 
most  of  the  work  is  done  in  one  day. 

There  are  several  anaerobic  stabil- 
ization ponds  treating  sewage  from 
small  communities  in  Alberta.  One  of 
these  for  the  Town  of  Stony  Plain 
(Pop.  1100)  has  three  ponds  operated 

FIG.  X 


in  series.  The  Alberta  Health  Depart- 
ment has  reported  a greater  than  30% 
BOD  removal  in  each  of  these  three 
ponds  where  the  total  detention 
period  is  about  nine  or  10  days,  the 
total  removal  being  about  70%  in  the 
winter  and  about  75%  in  the  summer. 
The  significant  factor  was  that  each 
pond  appeared  to  remove  about  the 
same  percentage  of  the  BOD  applied 
to  it.  This  appears  to  be  inconsistent 
with  the  results  obtained  by  Parker 
et  al  in  Australia,  where  according 
to  Table  II  one  day  detention  pro- 
duced almost  as  must  removal  as  2^2, 
five  and  10  day  detention  times.  For 
example,  the  ten  day  detention  period 
removed  2400  lb. /acre  in  10  days 
whereas  the  one  day  detention  time 
removed  1862  lb. /acre/day.  How- 
ever Parker  et  aP  report  BOD  re- 
movals as  high  as  87%  at  a detention 
time  of  2.9  days,  in  summer  and  as 
low  as  47%  w'ith  a detention  time  of 
1.9  days  in  w'inter. 

Hicks®  has  used  anaerobic  stabiliza- 
tion ponds  to  treat  packing  house 
waste,  and  reports  no  difficulty  in  ob- 
taining 85%  BOD  removal  with  only 
two  days’  detention,  keeping  the  tem- 
perature controlled  at  70°F.,  and 
using  gentle  stirring  in  the  pond.  He 
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States  that  aeration  will  not  dissipate 
any  hydrogen  sulphide  to  the  atmos- 
phere if  the  pH  is  kept  above  7.4  as 
it  should  be,  since  sulphur  will  ap- 
pear as  colloidal  elemental  sulphur. 

' Swift  and  Company^o  treats  pre- 
settled packing  plant  waste  in  four 
' day  detention  ponds  in  which  tem- 
perature is  maintained  at  70°F.  Stir- 
ring is  accomplished  by  recirculation 
from  the  pond  back  to  the  influent. 

The  effectiveness  of  anaerobic 
' ponds  in  removing  coliform  organ- 
, isms  has  not  been  too  well  estab- 
lished but  they  do  not  appear  to  be 
as  efficient  as  aerobic  stabilization 
ponds.  Some  authors-  have  reported 
i that  the  removal  of  coliform  organ- 
I isms  in  stabilization  ponds  is  ac- 
complished by  antagonistic  organisms 
i which  develop  in  the  ponds  or  toxic 
material  that  is  produced  by  the  or- 
. ganisms.  However,  others  refute  this 
I point.  The  important  factor  may 
I simply  be  that  of  natural  die-away 
I of  organisms  living  in  an  unsuitable 
I environment. 

There  has  been  too  little  research 
work  done  on  anaerobic  stabilization 
I ponds  to  be  certain  of  their  applica- 
bility in  all  cases.  If  the  requirements 
are  for  primary  treatment  of  sewage 
or  even  considerably  better,  the  an- 
I aerobic  stabilization  pond  should  be 
considered.  There  is  no  doubt  that 
this  method  will  provide  adequate 
' treatment  but  there  is  not  sufficient 
I data,  yet  available  to  assure  the  de- 
signer that  odour  nuisance  will  not 
occxir.  On  the  basis  of  the  limited 
information  available,  it  appears  that 
odour  would  not  be  an  insurmount- 
abl(^  problem  and  in  most  cases,  may 
not  be  a problem  at  all.  To  be  sale, 
anaerobic  ponds  should  be  located  in 
a ix'mote  place,  if  possible  one-half 
mile  from  any  built-up  communit\'. 

Ill  the  Province  of  Alberta  the 
Hc'alth  Deiiartm('nt  is  very  enthusi- 
astic about  the  performance  of  an- 
aerobic stabilization  ponds  and  is  re- 
(|niiiiig  that  they  b('  installed  as  j^rc- 
treatment  for  acMobic  or  storage 
iroiids.  4’hc  rc(inircnuMits  in  general 
iiieliide  the  eonstrnetion  of  four  ponds 
so  (hat  at  tlu'  outset,  three'  or  four 
can  !)(■  operate'd  in  S('ri('S  and  when 
the  sludge'  ele'plli  in  the'  first  pond 
lie'e'oine'S  loo  gre'al,  it  e'an  be'  take'ii  out 
ol  se'r\ie'e',  allowe'el  to  re'sl  for  a e'e'i- 
laiii  pe'iioel  ol  lime'  aiiel  llie  sliielge' 
i'\  e'lilnally  re'inox  e'el  froin  it,  afte  r 
wliie'li  il  e'an  be'  init  bae'k  into  se'r\  ie'c. 

The'  re'einire'iiK'iils  are'  ge'iie'ialK 
that  ('ae'h  ponel  slionid  lie'  eli'signe'el 
lor  a re'te'iilion  pe'iioel  eil  abeml  se'xe'ii 
elays  at  lull  supply  leer  e'xisling  llenvs 
aiiel  as  the'  e'eiinmmiih'  greiws,  this 
re'le'ulie)n  pe'i'ieiel  e'an  graelnalK'  re'eliu'e' 
le)  as  le)w  as  (wei  ela\s.  In  llu'  ele'sign 


the  level  should  be  flexible  so  that 
the  reduced  detention  periods  can 
be  obtained.  Experience  with  anaero- 
bic ponds  indicates  that  too  long  a 
retention  period  may  give  rise  to  the 
production  of  offensive  odours,  and 
thus  flexibility  should  be  provided  in 
this  regard.  In  general,  about  10  ft. 
of  depth  is  considered  satisfactory. 
How^ever,  as  stated  before,  we  feel 
that  the  greater  the  depth,  the  better 
the  operation  is  likely  to  be. 

There  is  much  research  work  to  be 
done  yet  on  anaerobic  stabilization 
ponds  before  it  is  possible  to  design 
them  ^vith  confidence  to  fit  specific 
needs.  It  is  necessary  as  soon  as  pos- 
sible to  determine  the  effect  of  vari- 
ous design  features  on  BOD,  sus- 
pended solids,  coliform  and  grease  re- 
moval, as  well  as  the  various  factors 
affecting  odour  production.  This  dan- 
ger of  odour  nuisance  appears  to  be 
the  main  thing  that  causes  people 
to  resist  the  acceptance  of  anaerobic 
stabilization  ponds.  Some  of  the  fac- 
tors in  design  that  may  be  varied  in 
order  to  determine  their  effect  on 
treatment  efficiency  are  as  follows: 
retention  period,  depth  of  ponds, 
temperature,  sewage  strength  and 
other  characteristics  of  sewage  qual- 
ity, stirring,  re-circulation. 

One  might  consider  the  design  of 
an  anaerobic  stabilization  pond  type 
of  treatment  facility  including  a con- 
tact unit  in  which  a high  concentra- 
tion of  activated  anaerobic  sludge  is 
kept  gently  stirred.  From  the  second 
cell  where  the  overflow  from  the  con- 
tact unit  is  allowed  to  settle,  the 
activated  anaerobic  .sludge  could  be 
pumped  back  to  the  influent  sewer. 
This  type  of  set-up  would  be  very 
similar  to  an  activated  sludge  plant 
except  that  the  sludge  would  be 
anaerobic.  In  such  a facility,  of 
course',  if  it  were  constructed  in 
('arth  work,  it  would  not  be  costly  to 
Iiro\  i(h'  alternate'  ce)ntact  units  se)  that 
wIk'h  the'  shielge  bnilel-up  was  toe) 
gre'al,  the'  sewage  c'oulel  be  eliverte'd  to 
the'  alte'iiiate'  ce)iitact  unit  aiiel  after  a 
le'st  jie'iioel  the'  first  unit  coiilel  be' 
ele'aiK'el  out.  'I'his  is  e'Sse'iitialK’  the 
uu'lhoel  ol  e)i)e'iati()u  aelopte'el  in  .\1- 
bi'i'ta. 

rlie  aiiae'i'obie'  stabilization  ])ouel 
l\pe'  ol  tri'atiiu'ul  aiiel  the'  gre'al  luiin- 
bi'i  ol  possible'  alti'inalise's  in  utiliz- 
ing il  show  promise'  of  pro\  ieliiig  \ e'l  x 
ee-oiiomie-al  se'wage'  lie'atmeiil . rlie'ie'- 
lore.  tlu'i'c'  is  no  eloiibl  that  it  slionlel 
be-  gi\e'n  si'rioiis  e'onsieh'ralion  lor 
ni.ni\  inst. illations,  e'spi'e'ialb  wlu'ie'  it 
is  imssible  to  obtain  |■('lali^  e'b  l e-- 
mol('  sites  within  e'e'ononhe'.il  elist.nu'e'S 
ol  the'  e'ommnnilv . 

.'sask.iloon  is  just  siieh  a situ.ition. 
riii'K'  is  no  Ire. liment  to  sjU'-ik  ol  .it 


the  present  time  other  than  comminu- 
tion and  there  is  some  pressure  on  the 
City  to  provide  treatment.  Anaerobic- 
stabilization  ponds  are  so  economical 
in  the  treatment  of  sewage  that  they 
have  been  given  consideration. 

Sewage  Treatment  for  Saskatoon 

On  the  basis  of  present  Public 
Health  Standards  it  is  doubtful 
whether  the  condition  of  the  South 
Saskatchew^an  River  would  noiTnally 
require  treatment  of  the  City  sewage 
for  some  time  in  the  future,  but  many 
Public  Health  authorities  are  adopt- 
ing the  policy  of  not  allowing  sewage 
to  be  dumped  into  streams  without  at 
least  primary  treatment.  The  other 
factor  in  the  City  of  Saskatoon  is  the 
injunction  that  was  served  on  the  City 
in  1942  requiring  them  to  treat  sew- 
age before  disposal  into  the  River. 
If  this  injunction  is  actively  pursued, 
the  City  may  be  required  to  pro\  ide 
sewage  treatment  in  the  near  future. 
It  is,  therefore,  quite  important  that 
a study  of  the  future  needs  for  sewage 
treatment  be  made  so  that  long  range 
plans  can  be  formulated  to  pro^■ide 
for  it. 

In  making  an  analysis  of  the  prob- 
lem of  sew^age  treatment  for  the  Cit>' 
of  Saskatoon,  several  different  al- 
ternatives w-ere  considered.  In  a com- 
plete, detailed  economic  anabsis  of 
these  various  alternatives,  the  esti- 
mated year  by  \'ear  cost  for  the  future 
years  w'ould  ha^■e  to  be  calculated. 
How'ever,  in  the  comparisons  a more 
approximate  approach  was  made  and 
the  flow'  conditions  in  1971  were  as- 
sumed to  be  a good  basis  for  a reason- 
ably representati\e  economic  com- 
parison. 

Based  on  a report  prepared  b\' 
Underwood,  McLellan  &:  Associates 
Ltd.,  a 1971  population  of  140.000 
was  assumed,  with  an  a\erage  sew- 
age flow  of  117  gal.  per  capita  per 
da\'.  Further  studies  ma\’  refine  these 
assumptions.  Howe\cr,  tor  an  eco- 
nomic anabsis  at  the  ])resent  time. 
tlu'\'  are  eertainb'  \alid.  .Mso.  it  is 
a.ssumed  that  primary  treatment  of 
si'wagi'  will  be  reipiired  at  ain  time 
and  seeoiidaiA  treatment  will  not  bi 
lu'edi'd  tor  at  least  2t)  \ears.  It  is  al- 
most impossible  to  predict  wh.it  tlu 
I ('(iiiiri'iiu'iits  of  tlu'  Hi'alth  Deoart- 
iiu'iit  m.i\  be.  bill  we  leel  that  tluse 
assiimptioiis  .irt'  reason. ible.  In  -.."i- 
siih'i  ing  the  .illi'rn.ili\  es  di'serilu  .1 
lu'iemuh'i'.  one  should  reler  to  1 ^ 
I.  The  .iltei  iiatix  I's  studied  we-  ,i'> 
lollow  s: 

Mlcnititivi  I : \ I'oiu  eiitioii.il  :-."v 
,n\  tre.itmeiil  pl.mt  loi  .il<'d  ■v-  . sit-. 
•it  till'  pri'sent  eommimil()r  sl.i?:  - 

Mtrnuilit  ( \ > oii\  < I'lion.vl  o ■ 

.11  \ Ire.ilment  jikirt  le-e.itv'.’i  ab  ' 
miles  noi  ll'.i'.'.^t  >1  tlu'  ('msO: 
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xninutor  station  but  vitilizing  raw 
sludge  lagoons  rather  than  conven- 
tional sludge  digestion. 

Alternative  3:  A conventional  prim- 
ary treatment  plant  located  on  a site 
at  the  present  comminutor  station,  but 
utilizing  raw  sludge  lagoons  and 
pumping  the  sludge  to  a location 
about  tsvo  miles  northeast  of  the  exist- 
ing comminutor  station. 

Alternative  4:  The  use  of  aerobic 
stabilization  ponds  on  both  sides  of 
the  river  at  locations  suggested  in  the 
Underwood,  McLellan  report. 

Alternative  5:  The  use  of  aerobic 
ponds  in  one  location  on  the  west  side 
of  the  river. 

Alternative  6:  The  use  of  anaerobic 
ponds  on  both  sides  of  the  river. 

Alternative  7:  The  use  of  anaerobic 
ponds,  all  located  on  the  west  side 
of  the  river. 

Table  III  shown  hereunder  pre- 
sents an  economic  comparison  of  all 
of  the  seven  alternatives  investigated. 


tive  design  where  the  effluent  is 
being  discharged  to  the  river.  Experi- 
ence in  the  mid-western  United 
States  indicates  that  loadings  up  to 
400  people  per  acre  can  be  used 
without  creating  a nuisance,  even  in 
areas  where  there  is  ice  cover  in  the 
winter.  In  Alberta  where  the  require- 
ments are  for  primary  treatment, 
ponds  with  only  three  or  four  weeks 
detention  have  been  used  and  seemed 
to  remain  aerobic  during  the  summer 
period.  The  cost  of  aerobic  stabiliza- 
tion ponds  could  probably  be  less  if 
present  design  criteria  were  not  so 
conservative.  Requiring  such  design 
standards  as  flat  bottoms  can  be  very 
costly.  In  several  instances  old  sloughs 
have  worked  satisfactorily  as  aerobic 
stabilization  ponds.  A more  detailed 
investigation  of  sites  for  aerobic 
stabilization  ponds  may  indicate  that 
the  costs  as  shown  in  Table  III  could 
be  considerably  reduced. 

The  anaerobic  stabilization  pond 


people  and  discharging  sewage  into 
the  river  close  to  the  point  shown  in 
Fig.  4 for  the  anaerobic  lagoon  site 
on  the  south  side  of  the  River.  Esti- 
mates of  cost  indicate  that  the  stabil- 
ization pond  on  the  south  side  of  the 
River  could  be  provided  to  treat  sew- 
age from  Sutherland  for  a cost  of 
$25,000.  The  proposed  design  of 
these  ponds  is  shown  in  Fig.  5.  Ihe 
location  and  configuration  was  dic- 
tated primarily  by  the  topography.  It 
was  desired  to  be  able  to  intercept 
the  sewage  in  the  Sutherland  outfall 
and  discharge  it  by  gravity  into  the 
ponds. 

The  ponds  would  be  put  into 
operation  with  four  in  series  in  the 
order  as  numbered.  After  a few  years 
of  operation  cell  No.  1 would  be 
taken  out  of  operation,  allowed  to  rest 
and  sludge  then  removed  from  it.  In 
the  meantime  cells  2,  3 and  4 would 
be  operated  in  series.  No.  1 cell  could 
later  be  put  back  into  operation. 


Table  III 


Comparison  of  Alternative  Schemes 


Alternative 

No. 

Capital 

Cost 

Annual  Costs 
Capital  cfc 
Operating 

Cost  per 
1000  gal. 

(1971) 

Est.  B.O.D. 
Removal 

Remarks 

1 

2,236,000 

305,000 

5.3 

35% 

May  require  secondary 

2 

2,221,000 

334,000 

5,8 

35% 

treatment  after  20-25 

3 

1,568,000 

228,000 

3.9 

35% 

years. 

4 

2,236,000 

262,000 

4.5 

70%— 95% 

Probably  will  not  require 

5 

2,186,000 

266,000 

4.6 

70%— 95% 

additional  secondary 
treatment  for  more  than 
40  years. 

6 

1,091,000 

163,000 

2.8 

70%— 75% 

Not  much  experience 

7 

1,312,000 

189,000 

3.3 

70%— 75% 

with  this  type  of  treat- 

ment — only  problem  may 
be  odor.  Location  reduces 
this  problem. 


All  costs  include  cost  of  transport- 
ing sewage  to  treatment  site  and  are 
based  on  1971  estimated  flows.  On 
the  basis  of  flows  in  1961,  the  cost  per 
1,000  gal.  would  be  about  50%  higher 
than  shown.  If  a surcharge  were 
placed  on  the  water  rates  to  pay  for 
sewage  treatment  according  to  alter- 
native 7,  the  cost  for  the  average 
home  owner  would  be  about  $2.00 
per  year. 

The  costs  of  construction  and 
operation  as  given  above  are  primar- 
ily for  the  purpose  of  comparing  the 
economics  of  various  alternatives. 
There  are  many  possible  variations  to 
the  alternatives  presented  in  Table 
III. 

As  can  be  seen  from  Table  III, 
alternatives  1,  2,  and  3 are  relatively 
expensive  and  would  provide  the 
least  efficiency  in  treatment.  The  use 
of  aerobic  stabilization  ponds  as  in 
alternatives  4 and  5 would  provide  a 
very  high  degree  of  treatment.  The 
estimates  for  these  two  alternatives 
are  based  on  providing  one  acre  of 
area  per  100  people  at  the  present 
population.  This  is  a very  conserva- 


type of  treatment  as  presented  in 
alternatives  6 and  7 provides  such  a 
very  low  cost  by  comparison  with  the 
other  alternatives  that  it  was  not  con- 
sidered necessary  at  this  time  to  go 
into  very  much  greater  detail  with 
the  other  methods  of  treatment.  At 
the  present  time,  the  main  factor  en- 
couraging the  City  of  Saskatoon  to 
consider  treatment  is  pressure  of  the 
injunction  referred  to  before.  It  is 
thought  that  to  satisfy  the  people 
putting  this  pressure  on  the  City,  it 
might  be  possible  to  provide  anaero- 
bic treatment  for  the  sewage  that  is 
now  presently  going  into  the  river 
without  being  comminuted. 

At  the  present  time  about  85%  of 
the  sewage  goes  through  the  com- 
minution station,  the  location  of 
which  is  shown  in  Fig.  4.  Some  raw 
sewage  is  discharged  into  the  river 
from  the  southeast  about  two  miles 
upstream  from  the  comminutor  station. 
However,  it  is  possible  to  discharge 
this  sewage  into  the  main  outfall 
sewer.  The  only  other  major  discharge 
of  sewage  is  from  an  area  known  as 
Sutherland,  housing  about  6,000 


Conclusions 

A preliminary  study  has  been  made 
of  sewage  treatment  for  the  city  of 
Saskatoon  and  several  alternative 
methods  of  treatment  considered.  As 
a result  of  the  studies  it  was  con- 
cluded that  anaerobic  stabilization 
ponds  would  provide  the  most  eco- 
nomical treatment  for  at  least  the  next 
20  years  assuming  that  odour  would 
not  be  a difficult  problem.  The  ex- 
perience to  date  indicates  that  odour 
would  not  create  a nuisance  but  if  it 
occurred,  methods  of  controlling  it 
were  available  or  could  be  developed. 

It  was  recommended  that  anaerobic 
stabilization  ponds  be  constructed  to 
treat  sewage  from  the  Sutherlknd  area 
of  the  city  and  that  experimental  work 
with  these  facilities  be  used  as  a basis 
for  deciding  whether  this  type  of 
treatment  can  be  used  in  the  future 
to  treat  all  of  the  sewage  from  the 
city  of  Saskatoon. 
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Discussion  hij  Lynn  S.  Beedle, 

George  C.  Discoll,  Jr.,  Thedore  V. 
Galambos 

The  discussers  agree  with  Prof. 
Hrennikoff  in  that  the  principal  prob- 
lems requiring  solution  before  the 
plastic  theory  could  be  applied  were 
those  involving  inelastic  instability. 
The  discussers,  however,  disagree 
with  his  conclusions  wherein  he  pessi- 
mistically asserts  that  these  problems 
cannot  be  resolved  becatistî  of  “in- 
superable mathematical  difficulties”. 
As  a matter  of  fact,  most  of  the  re- 
search effort  of  the  past  15  years  has 
been  devoted  to  solving  these  prob- 
lems so  that  the?  design  ('iigineer 
eonid  u.se  plastic  design  without  hav- 
ing to  cope  with  dilficult  stability 
probh'ius.  'file  very  fact  that  a num- 
ber ol  the.se  problems  have  been  satis- 


factorily solved  in  the  past,  indicates 
that  the  yet  unsolved  problems  will 
yield  answers  so  that  the  fields  of 
application  of  plastic  design  may  be 
increased  in  the  future. 

Thus  the  disillusionment  of  the 
author  is  not  warranted.  It  took  more 
than  200  years  before  the  Theory  of 
Elasticity  reached  its  present  sophis- 
ticated status,  and  even  today  there 
are  still  unexplored  areas  which  need 
research.  Why  should  the  Plastic 
Theory  then  be  rejected  as  a basis  for 
design?  Research  is  being  conducted 
currently  in  many  universities  and 
new  aspects  of  the  theory  are  being 
cleared  up  constantly.  The  plastic 
method  is  now  becoming  an  increas- 
ingly useful  basis  for  design. 

Before  entering  into  detailed  dis- 
cussion on  specific  topics,  the  dis- 
cu.s.sers  would  like  to  note  the  fol- 
lowing; 

(a)  The  proponents  of  plastic  theory 
never  have,  and  never  can,  sug- 
gest that  it  will  supersede  con- 
vc'iitional  elastic  theor\'.  .A.  theorv 
bas('d  on  cc'rtain  assumptions  can- 
not !)('  snpers('ded  b\’  another 
theory  which  is  basc'd  on  dillc'rcnt 
assumptions.  .Also,  a thorough 
understanding  of  elastii'  beha\ior 


is  necessary  for  understanding 
plastic  behavior. 

(b)  The  American  investigations  have 
always  recognized  that  every  de- 
sign would  have  to  be  checked 
for  such  things  as  axial  force, 
shear  force,  buckling  of  flanges, 
columns,  and  beams.  But  is  this 
situation  any  different  in  elastic 
design?  Certain  “rules”  were  de- 
veloped to  make  this  task  easv 
for  the  engineer  who  used  plastic 
design.  The  main  purpose  of  the 
“Commentary”  is  not  to  present 
the  rules  but  to  gi\e  the  back- 
ground of  research  and  an  out- 
line of  the  solution  (complicated 
in  some  cases)  which  lead  to  the 
simple  rules. 

Inelastic  Lateral  Buckling  of  Beams 
The  author  states  correctK'  that  the 
influence  of  residual  stress  on  the 
inelastic  lateral  buckling  of  beams 
can  be  quite  considerable.  He  then 
continues  to  sa\’  that  in  elastic  de- 
sign these  stresses  are  nonnalb'  of 
no  consecpience.  From  the  cuiacs  in 
Fig.  1 it  can  be  seem  that  rc-siilual 
stressc's  do  ha\t'  an  inthience,  but  lor 
certain  practical  reasons  the\  are 
neglected  in  elastic  design. 
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The  curves  in  Fig.  1 show  the  re- 
lationship between  the  critical  mo- 
ment and  the  length  of  a simply  sup- 
ported beam  subjected  to  uniform 
moment.  Both  quantities  are  shown 
non-dimensionalized  as  M^/Mp  and 
L/i-y,  where  Mp  is  the  plastic  moment 
and  I'y  is  the  weak  axis  radius  of 
gyration.  The  section  chosen  for  com- 
parison is  a mild  steel  8WF31  sec- 
tion having  the  residual  stress  dis- 
tribution of  Fig.  7.12  of  Ref.  5.  The 
maximum  compressive  residual  stress 
is  0.3o-,.,  and  a-y  is  33  ksi. 

The  solid  line  in  Fig.  1 consists  of 
two  branches:  the  elastic  solution  (for 
L/rj.>218)  and  the  inelastic  solution 
(for  L/ry<218).  This  inelastic  solu- 
tion^  is  based  on  a tangent  modulus 
approach,  and  the  reduction  in  stiff- 
ness due  to  premature  yielding  caused 
by  residual  stresses  was  included.  It 
is  seen  that  if  the  elastic  curve  is 
continued  up  to  = My,  and  if 
a straight  line  is  drawn  to  Mo=  Mp, 
then  the  results  will  be  considerably 
on  the  unconservative  side.  When  the 
curves  based  on  the  concept  of  elastic 
analysis  are  used,  the  lateral  buckling 
curve  is  cut  off  at  M,,  = My  (dot- 
dash  curve).  In  this  case  also,  the 
procedure  will  result  in  a zone  in 
which  the  results  are  unconservative. 
Thus  the  effects  of  residual  stresses 
are  not  negligible  even  in  elastic  de- 
sign. 

The  Spacing  of  Lateral  Bracing 

The  author  raises  a number  of 
questions  about  the  theoretical  treat- 
ment on  the  spacing  of  lateral  bracing 
as  summarized  in  the  Commentary.® 
He  concludes  that  the  bracing  spacing 
rules  derived  from  the  theory  are: 

(1)  empirical 

(2)  unsafe 

(3)  cannot  be  verified  by  experi- 
ment 

It  is  true  that  some  empiricism 
entered  the  solution.  However,  it 
would  be  more  accurate  to  say  that 
the  rules  for  the  spacing  of  bracing 
are  approximations.  This  fact,  how- 
ever, does  not  warrant  the  undue  con- 
cern voiced  by  the  author.  All  that  is 
required  of  the  lateral  bracing  spacing 
rule  is  this:  if  spacing  is  proportioned 
in  accordance  with  it,  the  beam  will 
perform  its  intended  function  without 
a reduction  of  rotation  capacity  due 
to  inelastic  instability.  As  will  be 
shown  subsequently,  lateral  bracing 
spaced  according  to  the  rules  given 
in  the  Commentary  (Eqs.  6.2.5)  will 
fulfill  this  requirement. 

The  theoretical  model  on  which 
the  derivation  of  the  rules  is  based 
assumes  that  the  material  is  either 
elastic  or  strain-hardened.  It  is  well 
known  that  as  structural  steel  passes 


the  upper  yield  point  a zone  of  slip 
is  formed  in  which  the  material  passes 
immediately  from  the  elastic  limit  to 
the  point  of  strain-hardening.  Sub- 
sequent straining  triggers  another  slip 
band  (or  “yield  line”)  until  eventu- 
ally the  discontinuation  point  and  the 
whole  region  reaches  strain-harden- 
ing. A test  of  a tension  bar  with  white 
washed  mill  scale  shows  this  quite 
clearly. 

At  first,  this  appears  to  be  in  con- 
flict with  the  concept  that  bending 
strains  are  proportional  to  the  distance 
from  the  vertical  axis.  However, 
measurements  confirm  this  concept 
quite  well;  and  the  reason  they  do  is 
because  the  gages  give  an  average 
of  the  elastic  portion  and  the  strain- 
hardened  portions.  Rather  than  being 
unrealistic  and  unsafe,  the  two  par- 
ticular assumptions  which  Prof. 
Hrennikoff  criticizes  are  the  most  ap- 
propriate that  can  be  made. 

Considerable  additional  work  has 
been  in  progress  at  the  Fritz  Engi- 
neering Laboratory  in  the  past  two 
years  on  the  problem  of  bracing  re- 
quirements in  plastic  design.  A num- 
ber of  conclusions  can  be  drawn  from 
the  results: 

(1)  The  theoretical  results  presented 
in  the  Commentary  are  based  on 
the  tangent  modulus  concept  (that 
is,  no  elastic  unloading  of  alreadv 
strain-hardened  fibers  is  per- 
mitted). For  beams  subjected  to 
uniform  moment  the  critical 
length  based  on  this  concept  is 
equal  to  18  r,,.  An  upper  bound 
analysis  (based  on  the  reduced 
modulus  concept)  has  shown  that 
the  critical  length  is  40  ly  for 
rolled  beams.  The  actual  critical 
length  should  thus  be  somewhere 
between  these  two  values. 

(2)  Carefully  conducted  experiments 
on  rolled  beams  subjected  to  uni- 
form movement  have  shown  that 
the  critical  length  (which  is  now 
limited  to  35  r,, — see  Eq.  6.25  in 
Ref.  5)  could  be  extended  to  40 
ly,  or  even  45  ly,  without  impair- 
ing the  inelastic  rotation  capacity 
of  the  beam.  A typical  test-curve 
is  shown  in  Fig.  4 indicating  the 
relationship  between  the  maxi- 
mum moment  and  the  curvature 
at  midspan.  This  curve  shows  that 
no  unloading  took  place  until  a 
rotation  of  about  12  times  the 
rotation  at  the  theoretical  onset 
of  yielding  was  reached.  This  is 
adequate  for  plastic  design. 

(3)  The  basic  mechanism  of  beam 
failure  is  well  illustrated  by  Fig. 
2.  Lateral  buckling  commenced 
after  the  plastic  moment  Mp  was 
reached.  However,  this  buckling 
did  not  prevent  the  beam  from 
continuing  to  rotate  as  a plastic 


hinge  until  failure  finally  occurred 
due  to  local  buckling  of  the 
flanges.  This  type  of  failure  mech- 
anism was  observed  for  all  beams 
which  were  braced  at  a distance 
of  45  ly  or  less.  For  beams  braced 
at  longer  length,  slow  unloading 
commenced  at  the  onset  of  lateral 
buckling.  Thus  for  beams  braced 
at  L^45  Ty,  a plastic  hinge  was 
developed.  For  these  beams  lat- 
eral-torsional buckling  does  not 
constitute  failure,  and  the  addi- 
tional rotation  is  provided  by  post 
buckling  strength. 

The  results  of  the  above  described 
new  work  not  only  show  that  the 
beam-bracing  rules  in  Commentary 
are  safe  but  that  they  might  even 
be  liberalised.  It  is  also  shown  that 
the  theory  based  on  the  concepts 
outlined  in  Ref.  6 is  conservative 
when  used  to  determine  the  critical 
bracing  spacing. 

Incidentally,  25urlins  in  Fig.  6.23 
of  Ref.  5 are  placed  at  the  tension 
flange.  Additional  stiffeners  or  diag- 
onal braces  would  be  required  at  the 
corner  to  jjrevent  lateral  buckling. 

The  Behavior  of  Beam-Columns 

The  author  criticizes  the  suggestion 
in  the  Commentary  that  beam- 
columns  bent  about  their  strong  axes 
be  braced  against  twisting  in  accord- 
ance with  the  beam-bracing  rules 
mentioned  earlier.  This  suggestion, 
however,  is  based  on  the  results  of 
10  beam-column  ex^Deriments  on  full 
sized  as-rolled  columns  subjected  to 
axial  force  and  bending  moment  on 
one  end.  These  columns  were  braced 
in  accordance  with  Eq.  6.25  of  the 
Commentary®  (the  actual  bending 
moment  distribution  was  used  as  the 
basis  for  the  computation),  and  the 
columns  ^^erformed  satisfactorily.  The 
columns  carried  their  predicted  load 
(Eig.  7.20  in  Ref.  4),  and  their 
moment-versus-end  rotation  behavior 
was  close  to  that  which  was  predicted 
by  theory.  In  addition  to  this  exjaeri- 
mental  evidence,  it  also  can  be  shown 
that  the  application  of  the  strain- 
hardening theory  (outlined  in  Ref. 
6)  yields  the  same  results  for  beams  as 
for  beam-columns. 

If  the  recommended  procedures 
are  followed,  the  rotation  capacity 
required  at  the  ends  of  columns  will 
be  adequate  for  the  type  of  structure 
for  which  plastic  design  is  now  per- 
mitted. It  was  clearly  recognized  that 
rotation  cajDacity  would  have  to  be 
studied  further  before  plastic  design 
could  be  applied  to  other  types  of 
structures.  Theoretical  solutions  for 
juedicting  rotation  capacity  ai’e  now 
available,"  and  a comparison  between 

(Continued  on  page  66) 
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theory  and  experiment  for  the  above 
mentioned  10  beam-column  tests  is 
excellent. 

It  is  recognized  that  interaction 
curves  are  given  only  for  two  types 
of  loading  in  the  Commentary  (equal 
end  moments  causing  single  curva- 
ture deformation  and  for  columns 
subjected  to  end  moment  at  one  end 
only).  Further  solutions  for  other 
pertinent  loading  cases  have  been 
available  for  some  time  and  will  soon 
be  appearing  in  print. 

Effect  of  Creep  on  Experimental 
Results 

Both  the  Commentary")  and  the 
articles  leading  up  to  it  have  recog- 
nized that  steel  “flows”  in  the  plastic 
range  and  that  the  measured  load  is 
a function  of  strain  rate.  However, 
this  is  definitely  not  a factor  in  the 
tests.  All  of  those  conducted  at  the 
Eritz  Laboratory  employed  one  of 
two  techniques  in  the  plastic  range: 
“constant  load”  or  “constant  displace- 
ment”. In  the  first,  after  a small  in- 
crement of  load  was  applied  it  was 
held  constant  until  plastic  flow 
ceased.  Only  then  were  readings 
taken.  Similarly  in  the  second 
method:  no  readings  were  taken  until 
the  load  had  stabilized.  By  using  this 
time-consuming  technique  in  the  la- 
boratory it  was  assured  that  the  re- 
sults represented  a “static”  condition. 
A real  structure  would  thus  be 
stronger  than  its  laboratory  counter- 
part. 

Connections 

The  author  expressed  dissatisfac- 
tion with  the  assumption  of  flange 
force  made  in  the"  Commentary  for 
the  purpose  of  determining  the  ade- 
quacy of  the  connection  web  and 
diagonal  stiffener.  By  assuming  a 
flange  force  T = Mp/d  (which  is 
some  15-20%  greater  than  any  the 
flange  will  actually  have  to  carry)  the 
required  web  thickness  to  carry  this 
larger  force  will  be  conservatively 
estimated.  In  other  words,  the  web 
thickness  or  diagonal  stiffener  and 
weld  size  computed  will  be  slightly 
greater  than  needed  to  carry  the 
actual  flange  force.  It  is  true  that  the 
web  will  actually  carry  some  normal 
stresses  and  the  flange  will  carry 
some  shear  stresses.  The  exact  dis- 
tribution is  not  essential  since  the 
lower  bound  theorem  can  be  satis- 
fied by  providing  sufficient  material 
to  carry  the  applied  moment  and 
forces  in  some  manner.  The  ductility 
of  the  steel  will  permit  some  redistri- 
bution of  stresses  to  allow  the  con- 
nection to  do  its  job.  The  results  of 
severe  corner  connection  tests  on 
rolled  shapes  from  8 in.  to  36  in. 
depths  have  shown  that  such  connec- 


tions develop  the  plastic  hinge  mo- 
ments of  the  beams  and  that  the 
welds  are  adequate.  (References  8.4, 
8.5,  and  8.6  of  the  Commentary.) 

Conclusions 

Many  further  arguments  could  be 
brought  up  in  defense  of  the  plastic 
theory,  but  it  is  considered  that  these 
are  adequately  covered  in  the  Com- 
mentary. 

The  author  fears  the  complexity  of 
plastic  design.  But  engineers  who  are 
now  using  it  are  finding  that  just 
the  opposite  is  the  case.  In  many  parts 
of  the  United  States  its  application  is 
so  frequent  as  to  be  commonplace. 
After  careful  and  independent  study, 
the  U.S.  Army  Engineers  has  now 
authorized  its  use  in  both  military 
and  civil  structures.  Thus  all  major 
code-writing  groups  in  the  U.S.  have 
recognized  its  merit. 

Make  no  mistake  about  it,  com- 
plexities are  there.  But  it  is  the  job 
of  the  researcher  to  solve  the  complex 
problems  and  present  them  in  con- 
venient form  for  the  engineer  to  use. 
To  cite  a contemporary  example,  Cdr. 
Shepard  only  needed  to  use  the  con- 
venient manipulators  to  control  the 
first  space  craft.  Someone  else  solved 
the  complex  problems.  Had  he  looked 
for  the  complexities,  he  would  never 
have  left  the  ground. 

It  is  also  the  task  of  research  work- 
ers and  educators  alike  to  recognize 
the  problems  that  exist,  because  only 
in  that  way  may  progress  be  made. 
Some  of  Prof.  Hrennikoff’s  remarks 
point  to  questions  whose  solution  will 
clear  the  way  for  further  practical 
applications;,  here  he -had  made-  a 
contribution  to  the  profession.  How- 
ever, the  discussers  re-assert  that  his 
criticism  of  present  practice  of  plastic 
design  as  set  forth  in  the  Commentary 
is  not  justified.  Plastic  design  is  at 
least  as  well  founded  as  “elastic” 
allowable  stress  design. 
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Discussion  by  J.  E.  Baker 

Prof.  Hrennikoff  has  examined  critic- 
ally some  aspects  of  structural  design. 
From  many  points  of  view,  his  paper 
might  be  called  “Weaknesses  of  the 
Theory  of  Elastic  Design”,  since  some  of 
the  detailed  criticisms  apply  to  any  steel 
structure,  independently  of  the  way  it 
was  designed. 

Prof.  Hrennikoff  is  particularly  con- 
cerned with  the  effect  of  instability 
phenomena  on  plastic  design,  and  he  is 
right  to  be  so  concerned;  but  he  ignores 
the  fact  that  instability  whether  of  the 


structure  as  a whole  or  of  individual 
members,  is  also  one  of  the  chief  diffi- 
culties of  elastic  design. 

Let  us  admit  at  once  that  the  plastic 
theorems,  which  are  so  powerful  in 
analysis  and  design,  can  be  proved 
rigorously  only  for  structures  which  re- 
main stable.  Upon  making  a plastic 
design,  the  designer  must  check  carefully 
that  his  fundamental  assumptions  are  not 
violated;  for  example,  deflexions  must 
remain  small,  plastic  hinges  must  develop 
without  local  instability  occurring,  com- 
plete members  must  remain  stable,  and 
overall  frame  instability  must  not  occur. 
These  overriding  design  conditions  apply 
to  any  structure,  whether  designed 
elastically  or  plastically. 

If  there  is  any  danger  of  a design 
violating  the  conditions,  modifications 
must  be  made  to  the  structure.  In  the 
worst  case,  a full  analysis,  elastic  as  well 
as  plastic,  must  be  made  for  the  whole 
structure  under  all  possible  loading  con- 
ditions, and  allowing  for  the  real  state  of 
the  structure.  The  “real”  condition  of  the 
structure  differs  from  the  “ideal”  con- 
dition of  the  model  structure  assumed 
in  analysis  and  design.  Real  conditions 
may  include:  an  initial  residual  stress 
system,  whether  induced  by  welding, 
by  imperfect  fit-up,  by  settlement  of 
supports,  or  whatever  other  cause;  con- 
nections which  are  flexible  to  a greater 
or  lesser  degree;  accidental  imperfections 
in  the  members  of  the  material,  and,  in 
short,  all  the  ills  that  a structure  is  heir 
to. 

All  these  remarks  apply  equally  to 
elastic  as  well  as  to  plastic  design.  It  is 
the  particular  contribution  of  plastic 
theory  that  it  has  proved,  for  a wide 
range  of  structures,  that  many  of  the 
real  conditions  have  negligible  or  zero 
effect  on  the  carrying  capacity  of  the 
structure.  The  elastic  designer  would  in 
any  case  ignore  most  of  the  real  condi- 
tions; his  plastic  colleague  has  justified 
his  temerity. 

It  must  be  remembered  that  engi- 
neering design,  however,  concrete  the 
result,  is  essentially  an  abstract  process. 
It  is  an  exercise  in  mathematics  applied 
to  a model  of  the  real  structure.  Accur- 
ate theory  will  predict  accurately  the 
behaviour  of  the  model;  whether  or  no 
the  actual  structure  behaves  like  the 
model  depends  on  the  care  with  which 
the  model  is  constructed.  Now  the 
models  constructed  by  both  elastic  and 
plastic  designers  are  essentially  the  same. 
If  the  plastic  designer  is  worried  by  de- 
flexions, or  by  instability,  and  decides 
to  allow  for  these  in  the  analysis,  then  so 
also  will  be  the  elastic  designer.  On  the 
other  hand,  both  may  ignore  a certain 
set  of  imperfections  as  being  virtually 
certain  not  to  affect  the  design. 

The  essential  difference  between 
elastic  and  plastic  methods  is  that  the 
latter  will  predict  accurately  an  observ- 
able quantity  for  the  structural  model, 
i.e.  the  load  factor  against  collapse. 
Elastic  analysis,  however,  predicts  no 
real  quantity;  it  predicts  stresses,  and, 
as  all  tests  on  real  structures  have  shown 
it  predicts  these  badly.  Further,  plastic 
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Proper  cultivation  is  the  secret  of  growth 
in  plants  of  all  kinds  — industrial  plants  included. 
If  your  plant  is  not  delivering  to  maximum 
capacity,  if  your  costs  appear  to  be  high  ...  or 
if  you  suspect  that  your  plant’s  performance 
could  be  improved  by  a study  by  specialists  in 
industrial  control ...  call  in  A.E.L.’s  Industrial 
Division  — industry’s  outstanding  team 

of  plant  cultivators. 
Plant  development  is  important  business  at  A.E.L. 
We  specialize  in  all  phases  of  industrial  controls: 
the  design  of  controls  . . . 

supply  of  control  components  . . . 
and  installation  of  control  systems. 
Our  Industrial  Division  is  backed  up  by  a 50-man 
Engineering  Department  comprising  graduate 
engineers  in  mechanics,  electronics,  hydraulics, 
electricity,  metallurgy  — even  physics. 
Whether  you  need  a single  unit  or  a complete  survey  — 
call  on  the  Industrial  Division  of  A.E.L.  Whatever 
your  plant  produces,  chances  are  A.E.L.  can  help  you 
produce  more  of  it,  in  shorter  time,  at  lower  cost. 


THE  INDUSTRIAL  DIVISION  OF 


AVIATION  ELECTRIC 

LIMITED 

200  Lourentien  Blvd.,  Montreal. 


theory  has  demonstrated  how  the  struc- 
tural model  should  be  constructed;  for 
example,  instead  of  guessing  that  the 
settlement  of  a support  to  a continuous 
beam  will  have  negligible  effect  on  the 
collapse  load,  it  proves  this.  This  illus- 
trates the  simplicity  of  the  plastic 
method;  the  elastic  designer  would  reach 
an  opposite  conclusion,  and  much  design 
time  would  be  wasted  in  allowing  for 
settlement  of  supports.  Further  yet,  since 
plastic  theory  calculates  a real  quantity 
in  the  analysis  of  a structure,  it  is  pos- 
sible, virtually  for  the  first  time,  to  con- 
struct a rational  design  process. 

Thus  the  designer  can,  by  a direct 
plastic  method,  or  by  cut-and-try  elastic 
methods,  design  the  model  of  a given 
structure.  It  remains  to  decide  whether 
this  model  will  serve  as  the  basis  for  the 
actual  structure.  This  question  is  com- 
pletely independent  of  the  design 
method  used,  and  many  of  Prof.  Hren- 
nikoff’s  criticisms  are  really  aspects  of 
this  question,  and  not  criticism,  of  the 
plastic  design  method  alone. 

We  do  not  claim  that  all  the  problems 
of  plastic  theory  are  solved.  The  state 
of  the  art  is  not  yet  advanced  enough  to 
predict  accurately  the  behaviour  of  the 
model  under  all  conditions,  nor  to 
answer  fully  the  question  as  to  whether 
the  model  is  a permissible  representation 
of  the  actual  structure.  The  theory  has 
been  advancing  step  by  step,  and  has 
been  applied  to  more  and  more  complex 
structures,  from  continuous  beams  to 
heavy  plate  girder  grillages,  from  portal 
frames  to  multi-storey  office  blocks.  At 
each  stage  in  the  advance  gaps  in  the 
theory  have  been  disclosed,  and  at- 
tempts made  to  close  these  gaps.  And, 
at  each  stage,  experimental  work  has 
checked  the  theoretical  predictions. 

At  the  end  of  this  paper  Prof.  Hren- 
nikoff  states  that  the  plastic  theory 
claims  to  give  (a)  simplicity  of  design, 

(b)  a more  realistic  factor  of  safety,  and 

(c)  better  economy.  He  denies  these 
claims  for  other  than  simple  structures 
not  subject  to  instability. 

When  buckling  may  occur,  plastic 
theory  becomes  less  simple.  But  it  does 
not  become  complex  compared  with  an 
elastic  theory  aiming  for  the  same  realis- 
tic factor  of  safety;  it  becomes  complex 
only  compared  with  simple  plastic 
theory.  The  problem  must  be  stated  in 
the  right  terms.  If  the  designer  wishes 
to  design  a structure  realistically,  and 
economically,  then  the  design  method 
may  become  complex;  plastic  theory  is 
essentially  realistic,  and  hence  almost 
inevitably  economical.  While  elastic 
theory  may  be  rational  as  applied  to  the 
ideahsed  model  of  the  structure,  elastic 
design  as  applied  to  the  real  structure 
becomes  largely  a collection  of  em- 
pirical formulae;  the  more  empirical  the 
formulae,  the  less  realistic  will  be  the 
design,  and  the  worse  the  economy. 

Plastic  theory  attempts,  above  all,  to 
stand  fast  by  realism;  as  more  complex 
structures  are  designed,  so  the  theory 
becomes  less  simple.  But,  at  the  first 
sign  of  heavy  weather,  elastic  theory 
throws  reahsm  overboard,  in  an  attempt 
to  conjure  the  zephyr  calm  of  simplicity; 


and  simplicity  is  the  treacherous  song 
the  Sirens  sing. 


Discussion  by  Dr.  Jack  R.  Benjamin 

The  weaknesses  of  plastic  procedure 
must  be  viewed  both  in  their  relation  to 
science  and  the  comparable  weaknesses 
of  conventional  elastic  theory.  Most  of 
the  questions  raised  have  equally  severe 
counterparts  in  conventional  elastic 
theory.  Our  extensive  experience  and 
native  conservatism  with  elastic  con- 
cepts have  kept  the  proportion  of  fail- 
ures small,  although  the  elastic  theory 
of  columns  has  yet  to  catch  up  with 
practice.  Yet,  we  have  been  using  em- 
pirical relationships  for  many  years  with 
minimum  difficulties.  A more  critical 
condition  exists  with  respect  to  lateral 
buckling.  Almost  every  phase  of  elastic 
design  contains  unanswered  questions. 

Unfortunately,  research  on  plastic 
theory  and  design  has  been  almost  en- 
tirely concentrated  on  practical  ex- 
pedients for  design.  The  published  in- 
formation is  more  concerned  with  build- 
ing code  content  than  pure  science.  The 
objective  has  been  to  arrive  at  reason- 
ably conservative  empirical  relations 
with  a minimum  of  costly  laboratory  ex- 
perimentation. The  entire  attitude  has 
been  to  form  a new  body  of  code  in- 
formation that  will  allow  plastic  design 
to  be  used  in  practice  in  as  short  a 
period  of  time  as  possible  and  at  mini- 
mum cost. 

Prof.  Hrennikoff  is  correct  in  his  com- 
ments on  buckling  involving  plastic  de- 
formations. Many  years  of  investigation 
will  be  necessary  with  thousands  of 
tests  before  all  major  questions  are 
answered  satisfactorily.  The  range  of 
column  sections  used  experimentally  at 
Lehigh  is  very  limited.  Major  questions 
are  certain  to  exist  that  can  only  be 
studied  after  real  structures  are  built 
and  exposed  to  severe  use  conditions. 

The  entire  question  of  lateral  and 
torsional  buckling  of  beams  must  re- 
ceive further  study  including  a great 
deal  of  costly  experimental  work.  How 
much  support  is  lateral  support?  This 
basic  question  is  largely  unanswered  and 
conveniently  ignored  in  current  design 
practice,  elastic  or  plastic. 

The  theory  for  the  three  typical 
A.I.S.C.  column  cases  is  most  incomplete 
and  very  poorly  presented  for  code  in- 
clusion. Although  the  simple  tables  and 
graphs  fit  almost  all  columns  the  de- 
signer will  meet,  a few  special  cases 
always  arise.  The  procedures  available 
in  the  literature  allow  reasonable  elastic 
design  for  almost  all  conditions.  The 
same  is  far  from  true  with  plastic  de- 
sign. In  fact,  the  empirical  code  rela- 
tionships do  not  even  fit  an  elementary 
theory  designed  to  allow  engineers  to 
reason  about  columns  and  their  behavior. 
These  questions  were  not  considered  ex- 
pedient. 

Regardless  of  theory  and  code  pro- 
visions, the  engineers,  responsibility  is 
linked  to  performance.  A basic  change 
in  design  procedures  must  be  reviewed 
in  the  light  of  real  service  and  probable 
overloads,  and  the  resulting  performance 


of  the  structure.  The  advent  of  plastic 
theory  and  design  has  been  a major 
step  forward.  However,  every  change 
does  involve  an  unknown  risk.  In  this 
light.  Prof.  Hrennikoff’s  paper  is  most 
important  and  deserves  careful  study. 

The  writer  agrees  with  Prof.  Hrenni- 
koff in  the  view  that  adequate  theory 
for  both  analysis  and  design  is  vital. 
The  major  effort  has  been  in  the  pre- 
paration of  rules  for  design,  many  of 
which  are  empirical  in  nature.  In  view 
of  the  legal  and  moral  responsibilities  of 
the  structural  engineer,  the  development 
of  complete  analysis  tools  is  imperative. 

Tlie  entire  matter  of  real  vs.  assumed 
loadings,  alternate  loadings,  and  com- 
binations of  dead,  service,  and  lateral 
loads  must  be  reviewed  carefully.  In 
many  cases  plastic  design  procedures 
will  produce  considerably  lighter  designs 
than  current  elastic  specifications.  Con- 
servative practice  with  elastic  procedures 
differs  from  similar  conservatism  with 
plastic  procedures. 

The  advent  of  plastic  theory  and  de- 
sign has  been  a major  step  forward. 
However,  every  change  does  involve  an 
unknown  risk.  In  this  light.  Prof.  Hrenni- 
koff’s paper  is  most  important  and  de- 
serves careful  study. 
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Discussion  by  W.  J.  Sutcliffe 

I agree  with  the  reasons  given  why 
the  true  coUapse  load  of  a structure  is 
not  readily  calculable.  Plastic  instability 
of  beams,  inadequate  column  theory  and 
frame  instability  make  collapse  loads 
given  by  the  simple  plastic  theory  in- 
correct. It  follows  that  the  mechanism 
condition  defined  as  failure  according  to 
plastic  theory  is  difficult  to  determine 
and  may  be  quite  unlike  the  condition 
of  the  structure  under  working  loads. 
If  parts  are  designed  to  suit  the  mech- 
anism condition  sizes  will  be  different 
from  those  obtained  using  an  elastic 
method.  Do  the  proportions  produced  by 
the  plastic  method  lead  to  economy  of 
material?  It  would  be  strange  if  design 
at  a condition  far  removed  from  the 
condition  under  working  load  produced 
an  ideal  structure  for  withstanding  that 
working  load. 

I deny  however  that  even  where  the 
simple  plastic  method  is  applicable  it 
gives  any  advantage  in  economy.  The 
standard  case  of  the  fixed  end  beam,  for 
instance,  is  better  considered  not  as  a 
case  where  plastic  theory  leads  to  a 
lighter  design  but  as  a poor  design  from 
an  elastic  viewpoint  which  should  be 
improved  by  decreasing  the  rigidity  of 
the  supports. 

The  plastic  design  for  the  extension 
to  the  Cambridge  Engineering  Labora- 
tory is  said  by  its  designers  to  save 
19%  of  steel.  This  is  a very  misleading 
statement.  Exact  elastic  analysis  gives 
maximum  beam  stresses  ranging  from 
9.2  tons/sq.in.  to  11.9  tons/sq.in.  While 
the  beams  are  thus  more  or  less  satis- 
factory, the  stanchions  have  been  over- 
designed  as  a low  working  stress  has 
been  used  here.  If  the  stanchions  were 
reduced,  then  the  end  moments  on  the 
(Continued  on  page  70) 
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design,  engineering,  procurement  and  con- 
struction. Initial  investment  was  one  of  the 
lowest  for  a plant  of  its  size  in  the  Western 
1 lemis|)here. 

In  this  plant,  as  in  other  small  processing 
plants.  C^anadian  Kellogg  has  demonstrated 
how  an  organization  with  complete  facilities 
available  for  design,  engineering,  procure- 
ment and  construction  can  bring  exception- 
al ediciency  to  siu'h  operations  both  in 
initial  investment  and  operating  ecenemv. 
'The  facilities  of  the  Kellogg  organii  atio’i 
plus  their  experience,  in  far-fUmg  ai'tivil 
thri)ughout  the  world,  are  .u  ailable  t.-  h.e  p- 
plan  and  build  similar  plants  fori  ana.!  .’.o 
industry.  Kiupiiries  invited. 


Small  integrated 
processing  plants  show  unusual 
operating  economies 


PEOFITABLE  OPERATION  Can  be  achieved  in 
relatively  small  processing  plants  when  an 
experienced  design,  engineering,  procure- 
ment and  construction  organization  is  con- 
sulted to  help  plan  for  maximum  operating 
efficiency. 

One  case  in  point  is  that  of  a small,  inte- 
grated processing  plant,  completed  several 
years  ago  in  Canada,  and  now  producing  in 
an  operating  efficiency  economy  class  with 
similar  plants  of  three  times  its  capacity.  A 
ratio  of  6.9  operators  per  1000  barrel  of 
capacity  has  been  their  experience. 

Working  with  a team  of  specialists  from  the 
company,  the  Kellogg  organization  handled 
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beams  would  be  reduced  and  further 
weight  could  be  saved  on  the  beams. 
Tlius  a correct  elastic  design  would  give 
some  economy  over  the  present  plastic 
one.  The  alleged  saving  of  19%  is  by 
comparison  with  an  elastic  design  where 
the  beams  are  considered  to  be  simply 
supported! 

The  presence  of  residual  stresses  is 
often  given  as  one  of  the  main  reasons 
for  abandoning  elastic  methods.  Pro- 
fessor Hrennikoff  has  drawn  attention 
to  the  errors  which  may  arise  in  neglect- 
ing such  stresses  where  plastic  instability 
occurs.  In  elastic  design  they  can  be 
neglected  as  superposition  allows  con- 
sideration of  the  applied  stresses  only  as 
giving  rise  to  linear  behaviour. 

A curious  feature  of  the  plastic  de- 
sign method  is  that  it  is  only  applicable 
to  imperfect  structures  such  as  those 
containing  untapered  beams.  An  ideal 
structure  exactly  proportioned  to  the 
applied  loading  would  yield  in  all  parts 
at  the  same  load  and  all  parts  would 
fail  soon  afterwards.  Elastic  analysis  of 
an  imperfect  structure  shows  how  the 
ideal  can  be  approached.  Thus  there  is 
the  rather  peculiar  situation  that  plastic 
theory,  if  it  has  any  advantage,  (which 
I deny),  then  this  advantage  only  arises 
for  an  imperfect  design.  As  a design 
improves  towards  the  ideal,  plastic  and 
elastic  designs  become  identical. 

Luckily  for  the  plastic  theorists  the 
plastic/elastic  controversy  can  hardly  be 
decided  by  test.  For  plastic  designs  have 
generally  acceptable  elastic  stresses  under 
working  conditions.  Any  differences  in 
resulting  structures  are  blanketed  by 
the  enormous  (and  necessary)  reserves 
of  strength.  If  a plastic  design  leads  to 
an  economy  in  material  this  is  hailed  as 
showing  a superior  strength/weight  ratio 
whereas  it  could  often  be  more  realis- 
tically described  as  being  a design  to  a 
lower  safety  factor  in  that  part. 

Air  raid  shelters  may  be  designed  to 
absorb  energy  by  folding  up  to  some 
extent  but  buildings  should  be  designed 
to  stand  up  not  just  not  fall  down. 


Discussion  hy  D.  T.  Wright 

In  raising  questions  about  various  as- 
pects of  the  application  of  the  theory 
of  plastic  limit  design  to  street  struc- 
tures, Prof.  Hrennikoff  has  provided  an 
opportunity  for  a certain  re-examination 
of  our  present  status  in  respect  of  both 
elastic  and  plastic  methods  of  design. 

It  is  to  be  hoped  that  discussions  to 
this  paper  will  provide  two  kinds  of 
comment;  first,  detailed  point-by-point 
replies  to  the  specific  questions  raised  by 
Prof.  Hrennikoff,  and  secondly,  and  per- 
haps even  more  importantly,  general 
comments  on  the  significance  of  the  sup- 
posed “weaknesses”  of  both  the  plastic 
and  elastic  design  theories. 

In  view  of  the  nature  of  the  develop- 
ment of  work  on  the  plastic  theory  of 
design  in  England  and  North  America, 
it  would  appear  to  be  most  appropriate 
to  have  the  detailed  reply  to  Prof.  Hren- 
nikoff s comments  undertaken  by  the 
very  people  whose  work  is  questioned, 
namely,  Prof.  J.  F.  Baker  of  Cambridge 


University,  who  has  been  responsible 
for  most  of  the  development  of  the  plas- 
tic method  of  design,  and  Prof.  L.  S. 
Beedle  of  Lehigh  University,  who  has 
been  responsible  for  much  of  the  re- 
search work  done  in  the  United  States 
and,  as  well  has  provided  most  of  the 
guidance  in  the  preparation  of  the 
“Commentary  on  Plastic  Design”  of  the 
American  Society  of  Civil  Engineers. 

It  certainly  seems  most  important  for 
the  concern  expressed  by  Prof.  Hrenni- 
koff to  be  put  in  proper  perspective. 
It  is  not  the  intention  of  this  discussion 
to  present  a point-by-point  reply  to  the 
questions,  since  such  replies  can  un- 
doubtedly best  be  made  by  the  people 
noted  above.  Instead,  comments  will  be 
offered  on  some  only  of  Prof.  Hrenni- 
koff’s  ideas  in  terms  of  both  their  im- 
mediate context,  and  the  more  general 
problem. 

As  Prof.  Hrennikoff  indicates  in  the 
final  section  of  his  paper,  the  advantages 
of  plastic  design  in  providing  a)  sim- 
phcity,  b)  rationality,  and  c)  economy, 
are  to  be  conceded  — in  the  absence  of 
buckling.  Many  of  Prof.  Hrennikoff’s 
specific  comments  deal  with  problems  in 
the  analysis  of  the  instability  of  partially 
plastic  members.  It  has  been  the  objec- 
tive of  the  design  methods  estabhshed 
under  the  auspices  of  the  Committee  on 
Plasticity  of  the  American  Society  of 
Civil  Engineers,  as  developed  in  the 
“Commentary”,  to  provide  designs  in 
which  failure  modes  would  be  governed 
by  simple  plastic  behaviour  rather  than 
instability,  through  the  provision  of 
restraints  and  inhibiting  influences 
against  instability.  The  validity  of  this 
approach  has  been  demonstrated  re- 
peatedly through  experiments  on  full 
scale  structures  in  which  load-deforma- 
tion graphs  show  still-increasing  load 
carrying  capacity  far  beyond  the  attain- 
ment of  the  plastic  load  capacity  and 
well  into  the  region  in  which  local  and 
even  general  instability  has  developed.^ 

The  very  essence  of  the  scientific 
method  is  the  confirmation  or  rejection  of 
postulates  and  theories  on  the  basis  of 
experimental  evidence.  The  experimental 
verification  of  plastic  theories,  thoroughly 
catalogued  in  the  “Commentary”  clearly 
demonstrates  the  scientific  base  of  the 
plastic  design  method.  On  the  other 
hand,  the  inadequacies  and  weaknesses 
of  elastic  theories  for  the  behaviour  of 
structures,  though  perhaps  not  as  appre- 
ciated as  might  be  appropriate,  have 
been  thoroughly  demonstrated. 2 That 
structures  designed  elastically  survive  at 
all  seems  to  be  entirely  due  to  plastic 
reserves  of  strength. 

Turning  in  a more  general  way  to 
the  problem  of  the  design  of  structural 
frameworks,  it  is  evident  that  much  of 
our  success  in  designing  structures  that 
actually  survive  is  due  rather  more  to 
the  actual  character  of  loadings  than  to 
the  adequacies  or  inadequacies  of  elas- 
tic or  plastic  design  methods.  Most  struc- 
tures would  be  very  embarrassed  if  all 
the  loads  their  designers  presumably 
anticipated  were,  in  fact,  to  be  applied 
simultaneously.  Of  course,  the  extreme 
improbability  of  occurrences  of  most 


critical  loadings  on  frames  of  any  size 
or  complexity,  is  such  that  it  seems  less 
likely  to  have  such  occurrences  than  it 
is  even  to  experience  material  strengths, 
by  chance,  at  levels  as  low  as  working 
stress  magnitudes. 

One  of  the  most  surprising  points 
raised  by  Prof.  Hrennikoff  is  the  ques- 
tion of  analysis  versus  design.  Prof. 
Hrennikoff  suggests  that  “plastic  theory 
deals  only  with  design  and  not  analysis”. 
Perhaps  some  definition  of  “analysis”  is 
required,  but  in  structural  mechanics  it 
is  usually  associated  with  the  analytical 
determination  of  the  characteristics  of 
a given  structural  system.  The  theories 
and  methods  of  analysis  are  of  course 
established  and  judged  on  a scientific 
basis  — by  their  ability  to  predict  physi- 
cal behaviour.  It  has  been  very  well  and 
often  demonstrated  that  the  plastic 
theory  is  a most  effective  tool  of  analysis 
in  respect  of  its  ability  to  predict  load 
capacity.  There  has  been  difficulty  in 
developing  associated  analyses  to  deter- 
mine deformations,  but  some  important 
progress  in  this  connection  is  found  in  a 
recent  paper  by  Heyman.  3 Elastic 
theory  purports  to  provide  a basis  for 
structural  analysis,  but  its  shortcomings 
have  been  thoroughly  exposed.  Although 
most  structures  designed  by  elastic 
theory  do  survive,  elastic  analysis  is 
rejected  by  scientific  examination  when 
its  predictions  are  confronted  with  ex- 
perimental evidence.  It  is  particularly 
interesting  to  note  that  the  type  of 
analysis  provided  by  plastic  theory,  i.e., 
the  ability  to  predict  maximum  load 
carrying  capacity,  ordinarily  without  a 
direct  indication  of  the  associated  de- 
formation, is  precisely  the  same  as  the 
type  of  analysis  provided  by  the  theory 
of  elastic  stability  in  which  critical  loads 
are  determined  without  indications  of 
the  associated  strains  or  deformations. 
There  is  thus  a very  close  analogy  be- 
tween the  modern  plastic  theory  and 
the  earliest  beginnings  of  the  science  of 
structural  mechanics  as  exemplified  by 
Euler’s  analysis  for  the  load-carrying 
capacity  of  a buckled  strut. 

It  is  very  distressing  to  reahze  that 
traditional  “elastic”  design,  as  observed 
in  codes  and  specifications,  is  a hodge- 
podge in  which  three  main  and  incom- 
patible streams  can  be  traced.  The  first 
is  the  classical  elastic  theory  of  struc- 
tures which,  as  previously  noted,  is  con- 
spicuously unsuccessful  in  fulfilhng  its 
avowed  objectives  of  predicting  stresses 
or  strains.  The  second,  is  the  applica- 
tion of  plastic  limit  analyses,  never  ac- 
knowledged, and  not  even  appreciated 
in  part  by  most  designers  through  which 
most  connections  particularly  riveted 
joints,  are  designed  and  “analysed”,  j 
Were  elastic  theory  used  to  “design”  ■ 
connections  we  would  be  most  unhappy  1 
indeed!  The  third  stream,  of  course, 
relates  to  stability  problems  which,  as 
Prof.  Hrennikoff  has  clearly  shown,  are 
the  most  contentious  area  of  the  theory 
of  structural  mechanics,  and  for  which 
it  is  never  possible  to  know  more  than 
the  critical  load.  Although  designs  is 
based  upon  a “factor  of  safety”  against 
(Continued  on  page  101) 
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DEPARTMENT  STORE  FOR  INDUSTRY 

Drummond,  McCall  & Co.,  Limited, 
warehouse  distributors  of  steel,  aluminum 
and  copper  products,  provide  prompt 
and  versatile  service  through  their  giant  new 
distribution  centre  and  head  office, 
completed  this  year  at  Lachine,  Que. 

The  200,000  sq.  ft.  warehouse  is  equipped 
with  six  10-ton  overhead  cranes, 
specially  designed  storage  racks, 
and  the  latest  developments  in  process  and 
cutting  equipment.  Moreover, 
the  warehouse  is  heated  to  provide 
additional  protection  for  all  stocks. 
Controlling  the  heating,  plumbing, 
and  air-conditioning  systems  are  valves 
bearing  the  “Jenkins  Diamond”  trade  mark. 
In  plants,  public  buildings  and 
waterworks  from  coast  to  coast, 

Jenkins  valves  are  providing  the 
peak  performance  and  life-time  economy 
that  have  made  this  trade-mark  famous. 
Jenkins  Bros.,  Limited,  Lachine,  Que. 


Architects:  Wiggs,  Lawton  and  Walker  — Consulting  Engineers:  Wiggs,  Walford,  Frost  & Lindsay- 
General  Contractor:  Pentagon  Construction  Co.  Ltd.  — Mechanical  Contractor:  A.  Cooper  and  Son  Ltd. 


Jenkins  Iron  Body  Valves  installed  on  the  circulating 
pumps  for  the  air-conditioning  and  heating  systems. 
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Canadian  Developments 


Canada  Participates  in  the 
Upper  Mantle  Project 

Canada  will  be  an  active  participant 
in  the  Upper  Mantle  Project.  The  activ- 
ities of  the  project  are  the  counterpart 
of  the  International  Geophysical  Year  in 
that  scientists  all  over  the  world  will 
co-operate  in  a study  of  the  earth’s 
interior.  The  Project,  proposed  at  the 
triennial  meeting  of  tlie  International 
Union  of  Geodesy  and  Geophysics  in 
1960,  has  been  ratified  by  several  other 
countries  including  the  United  States 
and  the  Soviet  Union.  Preliminary  work 
on  the  scope  of  the  Project  in  Canada 
has  been  done  by  the  Scientific  Commit- 
tee of  the  Upper  Mantle. 

The  earth  consists  of  three  layers; 
crust,  mantle  and  core.  Man  lives  on 
the  resources  of  the  crust.  The  mantle 
below  controls  conditions  within  the 
crust.  Mountains  are  thrust  up  by  forces 
within  the  mantle  and  form  major  fault 
zones  which  act  as  channels  for  magmas 
or  molten  rock  to  carry  minerals  to  the 
crust  where  they  may  form  ore  bodies. 

For  this  reason  Canada  can  profit 
greatly  from  the  study.  The  Project  will 
yield  valuable  information  on  the  locale 
and  formation  of  minerals  especially 
metals  such  as  nickel,  chromium  and 
platinum.  Deep  drilling  in  hard  rock 
will  be  done  down  to  10,000  ft.,  a 
depth  never  attempted  in  Canada  before. 
This  will  provide  vital  information  on 
hard  rock  drilling.  Most  of  the  projects 
to  be  done  during  this  three-year  period 
of  study  represent  eitlier  a speed-up  of 
work  already  being  carried  out  by  the 
Department  of  Mines  and  Technical 
Surveys  or  work  planned.  The  direct 
approach  of  geology  and  the  indirect 
approach  of  geophysics  are  the  two 
methods  of  study  to  be  implemented. 

Seven  per  cent  of  the  earth’s  crust  is 
exposed  in  Canada.  Except  for  Russia, 
a greater  variety  of  the  earth’s  geo- 
logical units  are  exposed  here  than  in 
other  nations.  Canada  is  one  of  the 
few  countries  having  a large  expanse 
of  Precambrian  rocks.  These  should  pro- 
vide scientists  with  clues  to  the  nature 
of  the  mantle  during  the  earth’s  early 
history. 

A four-point  program  has  been 
planned  by  the  Geological  Survey  of 
Canada  to  provide  information  of  the 
composition  of  the  mantle  and  its  influ- 
ence on  the  crust. 

1)  On  a horizontal  plane  geologists 
will  make  detailed  studies  of  certain 
igneous  intrusions  of  mantle  material. 
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These  will  be  examined  chemically,  pet- 
rologically,  mineralogically  and  isotopic- 
ally.  They  will  be  the  “windows”  by 
which  the  interior  of  the  earth  can  be 
studied. 

2)  On  the  vertical  plane  samples  of 
material  not  exposed  at  the  surface 
will  be  deep  drilled.  The  chemical 
changes  of  these  samples  as  they  are 
affected  by  depth  will  be  noted  so  that 
this  data  can  be  extrapolated  to  depths 
below  the  reach  of  today’s  drilling 
equipment.  Two  10,000  foot  holes  will 
be  drilled;  one  in  tlie  Muskox  Instrusion 
in  the  Coppermine  area  in  the  North- 
west Territories  and  the  other  in  Mount 
Albert  in  Gaspé,  Quebec.  The  Muskox 
Intrusion  is  considered  one  of  the  world’s 
best  exposed  bodies  of  layered-type 
ultra-basic  intrusions.  Detailed  geological 
and  airborne  magnetometer  studies  of  it 
have  already  been  made  by  the  Geo- 
logical Survey.  The  intrusion  at  Mount 
Albert  is  in  the  thinner  part  of  the 
crust  near  the  continental  margin.  As 
hard-rock  drilling  has  reached  only  to 
die  7,000  foot  level  in  Canada,  special 
equipment  for  the  Project  will  be  re- 
quired. Each  of  the  10,000  foot  holes 
will  take  a year  and  a half  to  drill. 

3)  The  Geological  Survey  of  Canada 
in  co-operation  with  the  Geological 
Association  of  Canada  and  the  Alberta 
Society  of  Petroleum  Geology  is  com- 
piling a tectonic  map  of  Canada.  This 
map  will  bring  new  light  on  the  major 
geological  structures  in  Canada  which 
reflect  crustal  conditions  and  provide 
valuable  information  on  conditions 
governing  metal  deposits.  The  $18  mil- 
lion Federal  Provincial  program  of 
aeromagnetic  surveying  now  underway 
will  provide  a large  amount  of  data  to 
assist  survey  geologists  in  understanding 
the  regional  geological  picture. 

4)  Palaeomagnetism,  the  study  of  fos- 
sil magnetism,  will  be  used  by  survey 
geologists  to  study  both  the  mantle  and 
crustal  structure.  Many  rocks  retain  the 
magnetism  present  when  they  became 
consolidated.  Geologists  and  geophysi- 
cists by  these  studies  can  learn  more 
about  polar  wandering  and  continental 
drift.  Both  phenomena  are  directly  re- 
lated to  past  and  present  conditions  in 
the  Upper  Mantle.  The  diabase  dike 
system  which  spreads  across  the  Cana- 
dian Shield  will  be  the  focus  of  Cana- 
dian studies.  One  geologist  has  called 
this  unusual  feature  “a  geological  after- 
thought by  Pluto,  the  god  of  the  under- 
world. These  dikes  are  so  widespread 
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and  so  uniform  in  composition  that  they 
seem  to  have  been  spewed  up  simul- 
taneously from  the  depths  of  the  crust”. 

Deptlrs  beyond  the  reach  of  drilling 
will  be  studies  by  scientists  from  the 
Dominion  Observatory  who  will  use 
seismological,  gravity,  and  the  study 
of  earth  currents  and  heat  flow  in  their 
research. 

Seismological  data  will  be  obtained 
from  two  sources:  First,  network  of 
seismic  stations  will  be  established  at 
500  mile  intervals  throughout  the  coun- 
try. There  earthquake  waves  will  be 
measured  and  studied  to  leam  more 
about  the  forces  active  within  the 
mantle  and  physical  characteristics  pe- 
culiar to  the  earth’s  interior.  Second, 
explosion  seismology  will  be  used  to 
determine  the  depth  of  the  mantle  be- 
neath the  earth’s  crust.  This  method 
offers  the  advantage  of  controlled  con- 
ditions for  investigation. 

Some  30  stations  equipped  with 
standard  equipment  will  make  up  the 
seismic  network.  This  program  was  al- 
ready under  way  when  Canada  decided 
to  participate  in  the  Upper  Mantle  Pro- 
ject. To  meet  the  requirements  of  the 
Project  the  Dominion  Observatory  will 
speed  the  completion  of  the  installa- 
tion of  the  complete  network.  Instead 
of  being  completed  in  five  or  six  years 
as  originally  planned,  it  will  be  com- 
pleted in  three.  Stations  now  open  are 
at  Alert  on  northern  Ellesmere  Island, 
Mould  Bay  and  Resolute  in  the  N.W.T.; 
Victoria  and  Penticton,  B.C.;  Banff, 
Alta.;  Ottawa,  Ont.;  Montreal,  Seven 
Falls  and  Shawinigan,  Que.;  and  Hali- 
fax, N.S.  A station  at  Port  Hardy,  B.C. 
is  now  under  construction.  Planned  for 
completion  at  a future  date  are  stations 
at:  Whitehorse  in  the  Yukon,  Inuvik, 
Coppermine,  Hall  Lake,  Baker  Lake 
and  Frobisher,  N.W.T.;  Port  Nelson, 
B.C.;  Edmonton,  Alta.;  Fort  St.  James 
and  Churchill,  Man.;  Kenora,  London 
and  Scarborough,  Ont.;  Port  Harrison, 
Fort  Cliirno  and  Schefferville,  Que.  and 
at  St.  John’s,  Nfld. 

While  studying  earthquakes.  Ob- 
servatory seismologists  will  continue 
their  work  in  mechanism,  the  maimer  in 
which  the  earth  moves  during  an  earth- 
quake. Mechanism  is  a field  in  which 
the  Observatory  has  been  a world  leader 
for  some  time.  It  has  published  more 
mechanism  studies  of  large  earthquakes 
than  any  other  institution. 

(Continued  on  page  75) 
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Original  beauty  preserved  in  detail! 
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Architect’s  original  drawing  of  a portion  of  the  Parliament  Buildings,  Ottawa  (1875)  reproduced 
on  new  Kodagraph  Autopositivc  Film,  Estar  Base.  Original  in  Public  Archives  of  Canada,  Ottawa. 


New  Kodagraph  Autopositive  Film,  Estar  Base, 
gives  you  intermediates  that  are  as  tough  as 
they  come  and  have  exceptionally  sharp  detail. 

Here’s  the  ideal  choiee  for  general  repro- 
duction work  and  drafting-room  use.  Same- 
size,  positive  intermediates  arc  produced 
directly  without  a negative  step.  And  there’s 
the  added  convenience  of  being  able  to  expo.se 
and  process  under  room  light.  E.xcellent  results 
arc  obtained  with  either  “print-through”  or 
reflex  priitting,  even  when  rellexing  from 
metal  templates. 

See  tills  versatile  new  Kodagraph  Film  — 
and  the  others  in  tlie  new  Estar  liasr  line: 
Kodagrajih  (’ontaet  Film;  Kodagraph  Pro- 
jection i'ilm. 


All  combine  reliable  Kodak  emulsions  on  the 
new  Estar  Base — highly  translucent,  durable, 
and  dimensionally  stable,  with  excellent  matte 
surface  on  both  sides  for  easy  di'afting.  Avail- 
able in  standard  drawing  sheet  sizes  and  in 
I'olls  up  to  52  inches  wide.  Call  your  local 
Kodagraph  Dealer,  or  write  Canadian  Kodak 


REPRODUCTION  FILMS 

for  best  line-for-line 
reproduction 
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International  News 


Calder  Hall  Nuclear  Power  Station 
Is  Model  for  New  Units  in  England 

The  Calder  Hall  nuclear  power  station 
in  Cumberland,  England,  is  now  supply- 
ing about  1,000  million  kilowatt  hours 
of  electricity  to  the  British  electricity 
grid  system  each  year.  Tlie  total  pro- 
vided since  1956,  when  the  station  went 
into  operation,  amounts  to  almost  3,500 
kwh. 

Calder  Hall  was  the  first  station  to 
show  what  could  be  done  to  derive 
power  safely  and  successfully,  and  on 
a large  scale,  from  a new  primary  source 
of  energy.  It  is  one  of  two  dual-purpose 
stations— designed  to  provide  plutonium 
and  nuclear  power— built  by  the  United 
Kingdom  Atomic  Energy  Authority 
(UKAEA);  the  other  similar  station  is  at 
Chapelcross,  near  Annan,  in  Dumfries- 
shire, where  the  four  reactors  have  been 
in  full  operation  since  the  beginning  of 
1960. 

Each  Calder  Hall  reactor  is  charged 
with  130  tons  of  natural  uranium  in  a 
core  of  1,100  tons  of  ’ graphite' and  has  a 
gross  electrical  output  of  about  42  mega- 
watts, giving  a total  for  the  plant  of 
168  Mw.  Modification  of  the  steam 
turbines  by  means  of  reblading  is  to 
bring  the  gross  figure  for  electrical 
output  per  reactor  to  54  Mw., 
an  increase  of  about  28%  on  the  original 
e.xpectation.  They  are  operated  to  pro- 
vide for  the  base  load  needs  of  the 
electricity  authorities,  but  have  to  be 
shut  down  for  fuel  changes.  This  con- 
sists of  removing  and  replacing  ap- 
proximately 10,000  radioactive  fuel 
elements  using  remote  handling  ecpiip- 
ment  working  through  gas  seals. 

A series  of  engineering  modifications 
have  reduced  the  shut-down  period  for  a 
complete  fuel  change  from  about  80 
days  to  three  weeks.  Another  notable 
improvement  in  efficiency  is  the  pro- 
gressive raising  of  the  heat  output,  which 
is  now  some  20%  about  the  design 
figure.  It  is  noteworthy  that  No.  4 
reactor  completed  12  months  continuous 
operation  on  Jan.  31,  1961,  during  which 
period  it  was  generating  electricity  at 
full  load  for  95.6%  of  the  time.  Most  of 
the  time  not  on  full  load  was  devoted  to 
experimental  work  and  scheduled  main- 
tenance. 


The  stage  has  now  been  reached  when 
the  reactors  are  capable  of  generating 
more  steam  than  can  be  used  by  the 
installed  turbine  capacity,  and  the  modi- 
fications being  made  to  the  turbo- 
alternators will  utilize  the  excess  steam. 
In  addition,  the  latter  is  to  be  used  in 
the  chemical  plants  at  Calder  and  for 
space  heating. 

Calder  Operations  School 

The  UKAEA  has  set  up  an  Operations 
School  at  Calder  for  the  training  of 
reactor  operators  for  nuclear  power 
stations.  Courses,  the  first  of  which 
started  in  January  1957,  normally  last 
six  weeks,  and  students  receive  both 
theoretical  and  practical  instruction  in 
the  operation  of  reactors  of  the  Calder 
Hall  type,  working  both  with  a simulator 
and  with  operational  staff  on  the  Calder 
Hall  plant  itself.  Recently  the  training 
of  staff  for  nuclear  power  stations  being 
constructed  in  Italy  and  Japan  by 
British  Consortia  has  been  an  important 
part  of  the  school’s  activities.  About  530 
students  (one-third  coming  from  overseas 
countries)  have  attended  the  school  since 
it  started. 

The  eight  stations  now  under  con- 
struction by  the  electricity  authorities  as 
part  of  Britain’s  nuclear  energy  program 
are  based  on  the  Calder  Hall  prototype. 
By  1966  these  stations  will  be  providing 
3,000  Mw.  of  generating  capacity;  their 
electrical  output  ranges  from  about  275 
Mw.  in  the  case  of  the  Berkeley  station 
to  580  Mw.  for  Sizewell.  Bradwell  and 
Berkeley,  the  first  two  of  these  stations, 
will  be  in  full  operation  by  the  spring 
of  1962,  and  loading  of  the  reactors  is 
now  proceeding. 

The  greater  electrical  output  of  these 
nuclear  power  stations  has  been  obtained 
by  an  increase  in  the  size  of  the  reactors 
and  in  the  uranium  fuel  content,  by 
raising  the  heat  ratings  of  the  fuel  and 
also  by  an  increase  in  the  efficiency  of 
the  conversion  of  heat  to  electricity.  Thus 
the  Hinkley  Point  nuclear  power  station 
uses  two  reactors  each  developing  965 
Mw.  of  heat  and  producing  250  Mw.  of 
electricity. 

A new  generation  of  reactors  is  repre- 
sented by  the  advanced  gas-cooled 
reactor  (AGR).  A prototype  with  an 
electricity  output  of  30  Mw.  has  been 


built  at  Windscale,  in  Cumberland,  and  ' 
fuel  loading  is  due  to  start  shortly.  The 
AGR  will  operate  at  much  higher  steam 
temperatures  and  thus  have  a higher 
thermal  efficiency,  and  enable  further 
reductions  to  be  made  in  the  capital  costs 
of  the  reactor  installation.  Uranium  oxide  ! 
will  be  used  as  fuel  instead  of  natural 
uranium  and  the  canning  material  for 
the  fuel  will  be  either  of  stainless  steel 
or  possibly  beryllium  metal,  instead  of 
the  cans  of  magnesium  alloys  used  in  the 
Calder  Hall  type. 

Mobile  Laboratory 

A mobile  laboratory  which  has  aroused 
international  interest  has  been  designed 
by  the  Oak  Ridge  Institute  of  Nuclear  | 
Physics.  This  coach  was  developed  to  j 
move  radio-active  isotopes  to  training 
and  university  centres  in  all  parts  of  the 
world. 

Its  main  value  is  as  a training  unit 
for  teachers  and  student  groups  in  the 
methods  and  equipment  essential  to  the 
study  of  isotopes  and  related  .subjects,  t 

The  vehicle,  with  a 208-inch  wheel-  ' 
base,  has  an  inside  length  of  28  feet. 
The  inside  width  and  height  are  about 
90  inches.  It  is  fully  insulated  with 
fibre-glass  and  aluminum  foil  for  com- 
plete comfort  under  all  climatic  and 
atmospheric  conditions. 

There  are  double  windows  through- 
out, and  a three-ton  air  conditioner  I 
housed  beneath  the  floor  is  ducted  to  1 
the  ceiling  for  maximum  distribution  of  i 
the  conditioned  air.  Other  features  in-  j 
elude  metal  cabinets  and  fume  hoods,  j 
fluorescent  lighting,  stainless  steel  water 
and  waste  tanks,  a 160-foot  power  cable, 
a radiation  vault,  seating  facilities  for 
students,  and  hydraulic  levelling  jacks.  ' 

A Laboratory  Manual  prepared  by 
ORINS  lists  the  strict  rules  of  house-  i 
keeping  which  must  be  followed  by  all  . 
who  use  the  mobile  laboratory.  Included  j 
are  a series  of  restrictions,  and  proced- 
ures to  be  followed  in  tbe  event  of  an 
accident. 

The  mobile  laboratory  will  be  expen- 
sive to  transport  to  areas  beyond  the 
reach  of  the  vehicle’s  own  power.  Struc- 
tural quality  and  the  somewhat  brittle  j 
nature  of  its  contents  will  contribute  to  I 
high  freight  and  insurance  rates.  j 
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Two  field  parties  of  Observatory 
seismologists  will  continue  to  use  ex- 
plosion seismology  to  supplement  data 
received  from  the  seismic  network.  These 
teams  are  situated  in  the  Vancouver 
Island  area  and  on  the  polar  continental 
shelf  in  the  Arctic.  Working  with  a 
dozen  to  two  dozen  instruments  their 
observations  yield  valuable  and  interest- 
ing data  on  the  structure  and  thickness 
of  the  earth’s  crust  and  the  depth  at 
which  the  upper  mantle  begins.  In 
eastern  Canada  the  mining  industries  are 
co-operating  with  the  Observatory  to 
obtain  seismic  data  from  routine  mine 
blasts. 

At  most  of  the  seismic  stations  holes 
will  be  drilled  and  temperature  measur- 
ing devices  installed  to  measure  heat  flow 
from  within  the  earth.  Heat  flow  mea- 
surements from  holes  drilled  in  ultra- 
basic  and  granite  rocks  and  in  meteor 
craters  will  also  be  taken.  They  will 
give  information  on  the  heat  flow  from 
the  mantle  through  the  crust.  The  sci- 
entists will  then  be  able  to  tell  whether 
the  interior  of  the  earth  is  heating  or 
cooling. 

A two  point  program  in  gravity  has 
been  planned  by  the  Observatory. 

1)  Regional  studies  of  gravity  changes 
which  show  variations  in  the  depth 
through  the  crust  to  the  mantle. 

2)  The  gravity  survey  of  Canada, 
underway  for  some  years,  will  be  com- 
pleted so  that  the  results  can  be  used 
by  geodetic,  military  and  commercial  in- 
terests. This  type  of  survey  yields  in- 
formation about  local  geological  forma- 
tions of  potential  interest.  Cravity  will 
be  used  to  measure  earth  tides.  The 
resulting  information  will  inform  the 
scientists  about  the  elastic  constancy  of 
the  earth  under  the  influence  of  gravi- 
tational pull  and  the  physical  nature  of 
the  material  being  displaced  by  the  tides. 

Canadian  work  in  geomagnetism  will 
centre  on  the  u.se  of  magnetic  studies  to 
estimate  the  electrical  conductivity  of 
the  earth.  Geophysicists  working  at  the 
Station  at  Meanook,  Alta.,  and  at  the 
Defence  Rc.scarch  Board  station  at  Siif- 
field,  Alta.,  plan  to  extend  their  fre- 
((ucncy  range. 

'I'hc  study  of  meteor  craters  is  an- 
other of  Canada’s  contributions  to  the 
Upp('r  Mantle  Project.  'I'hcsc  craters 
will,  the  .scientists  believe,  yield  innch 
inforination  on  the  mantle.  Meteor 
cratc^rs  ar<^  believi'd  to  be  similar  to 
th»s(ï  on  the  moon.  Dominion  Ob.ser- 
vatory  Scientists  have  foimd  a nnmber 
ol  th(Mn  in  Canada. 

A circular  Icatmx'  in  Hudson  Bay, 
believed  to  Ik*  a nu'teor  crater,  will  be 
studied.  I,oeat('d  near  James  Bay  it  is 
almost  BOO  miles  across.  H it  i)roves  to 
be  of  nn'teorie  origin  sc'ientists  will  drill 
near  the  ('dgt'  to  study  the  lloor  ol  tin' 
erat('r  a.s  well  as  .samples  of  rock  fi;u'- 
tnred  by  the  impac't.  Should  it  be  a 
meteor  crater  scientists  estimate  th.it 
the  crust  would  have  been  shattered  to 
a depth  of  100  miles.  200  mile  fi'a- 
tnre  in  the  Cull  ol  the  St.  l.awrenee 
iK'ar  PritK-e  Mdward  Isl.md  m.iy  also 
be  studied. 
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Month  to  Month 


U niversify  Registration 

A slight  decrease  has  been  noted  in 
Üiis  year’s  university  engineering  enrol- 
ment as  tabulated  by  tlie  Institute  from 
information  obtained  directly  from  regis- 
trars. 

Several  highlights  of  this  year’s  situa- 
tion, as  revealed  by  the  E.I.C.  survey, 
are; 

Total  enrolment  in  Canadian  engi- 
neering courses  now  stands  at  14,890,  a 
decrease  of  50  from  last  year. 

The  estimated  number  of  1962  gradu- 
ates, making  no  allowance  for  wastage 
during  the  year,  is  2,590.  This  is  a de- 
crease of  61  from  the  previous  year. 

Engineering  freshmen  numbered  4,718 
in  the  autumn  of  1961,  an  increase  of 
257  from  the  autumn  of  1960. 

Civil,  electrical  and  mechanical  engi- 
neering remain  the  most  popular  courses. 
Following  is  a list  of  the  1962  graduates, 
with  the  previous  year’s  estimates  in 
brackets:  Civil  771  (779);  Electrical  643 
(644);  Mechanical  494  (508). 

Readers  will  be  able  to  make  furtlier 
detailed  observations  by  study  of  the 
tables.  If  any  questions  should  arise, 
E.I.C.  Headquarters  will  gladly  try  to 
answer  them. 


E.I.C.  ELECTIONS 
AND  TRANSFERS 

A number  of  applications  were  pre- 
sented for  consideration  and  on  the 
recommendation  of  the  Admission  Com- 
mittee, the  following  elections  and  trans- 
fers were  effected  at  a meeting  of  council 
on  October  28.  1961. 

Member: 

S.  F.  Clark,  Ottawa;  A.  C.  Cooke, 
Montreal;  K.  Deenstra,  Niagara  Falls;  M. 
W.  Delorme,  Montreal;  D.  W.  Dibben, 
Belleville;  J.  Dyson-Gregory,  Toronto;  L. 

K.  Jacobsen,  Port  Cartier;  H.  W.  S.  Mar- 
shall, Toronto;  C.  McGinnis,  Vancouver; 

A.  D.  Miller,  Ottawa;  D.  G.  Poitevin,  Sud- 
bury; A,  W,  Pratt,  New  Westminster;  J, 
P,  Sinclair,  Vancouver;  R,  Steketee,  Wind- 
sor, Ont.;  A.  E.  Wright,  Vancouver. 

Associate: 

C.  R.  Ahoo.ia,  Montreal;  J.  Khanna, 
Vancouver;  K,  L.  Lee,  California;  F,  W. 
Sagan,  Windsor,  Ont.;  A.  A.  S.  Saleh, 
Montreal;  A.  W.  Wenger,  Montreal. 

STUDENTS  ADMITTED 
McGill  University: 

B.  H.  Aghadjanian,  S.  Albert,  E.  A. 
Anyahuru,  A.  C.  Archibald,  E.  I.  S.  Aron- 
son, B.  S.  Atlas,  R.  E.  Bailey,  R.  J.  Barrie, 
.J.  S.  Binok,  D.  J.  Bland,  L.  A.  B.  Bowen, 

B.  D.  Booth,  C.  B.  Bowen,  A.  R.  Brooks, 

G.  H.  Brown,  H.  C.  Brown,  R.  Brown, 
J.  K.  N.  Burke,  D.  A.  Calder,  R.  A.  A. 
Callahan,  J.  J.  Castonguay,  M.  Chai-Onn, 
Chan-Hor-Kay,  G.  Chevassus,  P.  B. 
Cooper,  R.  G.  Cooper,  T.  L.  E.  Cunard, 
J.  R.  Darling,  J.  L.  B.  de  Bast,  A.  I.  Dun- 
sky,  P.  N.  Elliott,  M.  D.  Everell,  K.  D. 
Farmer,  M.  A.  Farrugia,  L.  Fattal,  G.  W. 
Fenton,  A.  R.  Flanz,  F.  S.  Gasoi,  M.  J. 


Gilbert,  D.  A.  Gillman,  G.  S.  Goppold, 
G.  B.  Hall,  B.  A.  Harrison,  A.  Hering, 
M.  L.  Hess,  H.  W.  Hinds,  R.  P.  Houston, 
W.  G.  Hutchison,  C.  W.  Jones,  K.  S.  Kal- 
man, J.  Kaufman,  A.  Kavalersky,  P.  S. 
Kentebe,  L.  R.  Kerr,  A.  A.  Klein,  C.  H. 
Kong,  G.  P.  Korber,  R.  A.  Krajewski,  C. 
Lafond,  C.  K.  Lai.  P.  C.  K.  Lam,  J.  A.  G. 
Lamontagne,  R.  D.  F.  Lawson,  M.  Lazarus, 

C.  Lee,  J.  B.  A.  Lenger,  C.  V.  Leroux,  P. 
G.  Leroux,  I.  S.  Levitan,  S.  Z.  Lewin,  J. 

G.  Leworthy,  P.  A.  Lowe,  Ma  Che  Keung, 

D.  H.  MacKay,  J.  M.  Mahfood,  R.  Maki- 
nen,  G.  E.  Malone,  B.  R.  Marshall,  D.  B. 
Martin.  S.  B.  Matthews,  J.  H.  Mattinson, 
A.  S.  Maxwell,  H.  Mayers,  M.  G.  McGarry, 

L.  B.  McLearon,  R.  D.  Melville,  M.  Merilo, 
R.  B.  Michaliszyn,  O.  G.  Mickevics,  R.  N. 
Miller,  K.  B.  Mitchell,  W.  G.  Moeller,  D. 
T.  Moodie,  D.  H.  Moon  B,  G.  J.  Murphy, 

L.  A.  Murray,  S.  Nador,  G.  R.  D.  Nelson, 

R.  E.  B.  Nicolle,  S.  Niedzviecki,  M.  N. 
O’Gallagher,  T.  I.  Okeke,  M.  Ouimet,  J. 
Pascual,  R.  Y.  Patenaude,  R.  C.  Payette, 
T.  Pikksalu,  L.  H.  Polkki,  K.  Porter,  N.  O. 
Powell,  J.  W.  Ratcliffe,  J.  A.  Read,  K.  A. 
Roberts,  W.  F.  Rodger,  G.  S.  Sabourin,  J. 
Schiff,  R.  M.  Schwarz,  J.  M.  Scott,  S.  C. 
Scott,  K.  J.  Seto,  G.  T.  Shepherd,  B.  M. 
Shiller,  M.  Shostak,  I.  P.  Shunriwsky,  R. 

M.  Skanes,  L.  A.  Smith,  R.  H.  Smith, 
L.  A.  Snider.  J.  H.  C.  Soule,  P.  E.  Statham, 

S.  A.  Stephens,  C.  H.  R.  Stevenson,  H. 
Stotland,  G.  H.  Sumner,  D.  G.  Symonds, 

H.  Tamm,  T.  I.  Tenn,  E.  Yuet-Ngan  To, 

I.  V.  Tolensky,  J.  Toth.  P.  Tremblay,  C. 

D.  Trent.  Y.  H.  Trottier,  R.  Y.  S.  Tse, 
Li  Wing  Tuck,  Kevin  U,  M.  C.  Valentine, 

J.  Van  Dostrom.  B.  L.  Walker,  W.  J. 
Warner,  R.,  Weiser,  D.  S.  Weiss,  P.  Weiss- 
huhn,  A.  M,  Wiebe,  E.  G.  S.  Williams,  L. 
Williams,  G.  F.  Windsor,  S.  R.  Winter, 
J.  C.  Y.  Wong,  M.  C.  Woo,  S.  A.  Yaphe, 
J.  Zacharatos. 

University  of  Western  Ontario: 

G.  S.  Aitken,  J.  Aitken,  D.  Alexander, 
J.  C.  Alexander,  D.  R.  Allison,  R.  L.  App, 
P.  Barnett,  P.  J.  Bird,  B.  P.  Brady,  J. 
Brister,  S.  R.  Bycraft,  S.  Byma,  W.  D. 
Chambers,  J.  R.  Conway,  F.  E.  Crawford, 

F.  J.  Daigle,  A.  C.  Davanzo,  R.  B.  Duncan, 

A.  W.  Dean,  A.  W.  Detcher,  W.  H.  Dun- 
field,  D.  A.  Durrant,  J.  A.  Erskine,  B.  M. 
Evans,  T.  Fabi,  R.  D.  Farrell,  W.  E.  Fellner, 

C.  M.  Fraser,  M.  J.  Fredericks,  M.  J.  Ful- 
ham, D,  W.  Gidley,  J.  R.  Grace,  D.  G. 
Gratton,  S.  J.  Gyorffy,  H.  Hassan,  L.  D. 
Holmes,  D.  K.  Jacobs,  J.  W.  Jardine,  H. 
W.  Jennerich,  R.  W.  Kuntz,  J.  D.  Lindsay, 

B.  Lock.  A.  W.  MacKenzie,  J.  E.  Marsh, 
B.  E.  McCarney,  C.  McCormick,  D.  Mc- 
Leod, D.  P.  Morris,  B.  L.  Mozina,  A.  J. 
Nusca,  J.  R.  Nusca,  F.  Oille,  S.  Panajotow, 
J.  C.  Pooley,  J.  Post,  K.  M.  Rainford,  K.  O. 
Raycraft,  A.  Rezebergs,  R.  L.  Rochester, 

D.  S^hebesch,  G.  Schurman,  P.  E.  Sharpe, 
W.  H.  A.  Sheldon,  M.  Sinclair,  J.  E.  Stark, 

N.  H.  Stone,  W.  Trick,  G.  J.  ven  den  Broek, 
W.  J.  van  den  Hengel,  J.  Van  Koughnett, 
V.  Vitkauskas,  J.  Weil,  G.  Weisz,  H. 
Wertli,  P.  S.  Wilker,  G.  E.  Williams,  W. 
J.  Williams,  B.  Zechel. 

University  of  New  Brunswick: 

L.  A.  Ashfield,  F.  A.  Blanchard,  F.  Bou- 
dreau, R.  J.  Bourdage,  C.  B.  D.  Bunner, 

G.  T.  Calkin,  C.  H.  Chu,  R.  D.  Clark,  D.  C. 
Colpitts,  D.  P.  De  Merchant,  C.  A.  Edle, 
P.  C.  Ellis,  D.  A.  Flanagan,  A.  F.  Fowler, 

J.  L.  Goddard,  E.  G.  Graham,  E.  G.  B. 
Graham,  J.  G.  Greenough,  G.  T.  J.  Hen- 
derson, K.  R.  Higson,  H.  A.  Janson,  D.  W. 
Johnston,  M.  R.  Johnston,  T.  M.  Keddy, 

K.  K.  C.  Kwong,  E.  H.  J.  Lane,  P.  A. 
Leger,  O.  J.  Lemon.  R.  M.  Levasseur,  G. 
A.  Levesque,  J.  W.  Lutz,  V.  E.  McAllister, 
G.  P.  Marcotte,  G.  G.  Marks,  E.  I.  McClure, 
R.  D.  McFee,  R.  H.  McLean,  D.  T.  Morrow, 
D.  J.  H.  Mulholland,  D.  J.  Murfin,  R. 
Noseworthy,  J.  D.  O’Blenis,  M.  Y.  Papillon, 
P.  A.  Parker,  S.  Ronen,  E.  J.  Ryan,  F.  W. 
P.  Selby,  F.  E.  Smith,  W.  A.  Smith,  P.  K. 
Stangeland,  M.  J.  Steeves,  C.  J.  Stein,  D. 


L.  Sullivan,  R.  P.  Tapper,  G.  E.  Tripp. 

G.  M.  A.  Vail,  H.  A.  Warnock,  W.  B. 
Wasson,  A.  Y.  B.  Wong,  K.  W.  Wong, 
R.  A.  Wood. 

University  of  Alberta: 

D.  T.  Alexander,  D.  J.  Blakeman,  A.  A. 
Brown,  J.  R.  Chase,  M.  G.  Faulkner,  W.  E. 
Germaniuk,  D.  A.  Grant,  J.  C.  Gunn,  W. 
W.  Haigh,  J.  N.  Heffernan,  T.  F.  Home- 
niuk,  J.  W.  Jensen,  C.  R.  Kirby,  D.  E. 
Lauckner,  T.  B.  McFadzean,  B.  A.  McGre- 
gor, R.  A.  Nobbs,  W.  E.  Nysetvold,  J.  B. 
Osenton,  M.  H.  Porter,  B.  Quam,  E.  S. 
Rybinski,  D.  J.  Saxby,  D.  Scholtz,  J.  A. 
Spankie,  B.  E.  Swan,  A.  Taskinen,  T.  C. 
Thom,  L.  R.  Thompson,  N.  L.  Tozer,  D.  J. 
Umrysh,  M.  W.  Weber,  R.  C.  Westendorf, 
R.  D.  Wohl,  R.  D.  Yarmchuk. 

University  of  Ottawa: 

G.  G.  Beaudry,  D.  F.  Callan,  V.  Caloia, 
R.  A.  Chapman,  D.  A.  Clark,  S.  Cour- 
chesne,  R.  Fournier,  A.  Gouin,  J.  A.  F. 
Guindon,  W.  J.  Kasowski,  F.  D.  MacLeod, 
J.  W.  McLewin,  J.  Paul-Hus,  J.  J.  G. 
Potvin,  R.  J.  Prud’homme,  D.  Rivest,  N. 
J.  Roy,  R.  St.  Amour,  J.  Vaucher,  K.  H. 
Weissert. 

St.  Dunstan's  University: 

J.  E.  Arsenault,  F.  J.  Callaghan,  M. 
Campbell,  J.  W.  Carswell,  G.  Chan,  J. 
Gillis,  R.  J.  Gondek,  C.  Keating,  R.  E. 
Labonte,  A.  Lopez,  C.  Macisaac,  N.  J. 
MacLauchlan,  D.  'T.  Mahoney,  J.  Mar- 
chand, J.  C.  McCardle,  D.  F.  McNally. 

H.  J.  Murphy,  R.  E.  Pederson,  M.  V. 
Power,  J.  L.  Praught,  B.  I.  Rayner,  F.  C. 
Wedge. 

Loyola  College: 

G.  L.  Barletti,  J.  A.  J.  Bertrand,  A.  L. 
Brosseau,  R.  E.  Carrick,  S.  S.  W.  Chan, 

D.  O.  T.  Choquette,  D.  J.  Clarke,  C.  R. 
Cooper,  K.  J.  Coulter.  D.  J.  G.  de  Verteuil, 

M.  J.  Durand,  G.  Fabi,  B.  F.  Gareau,  B. 
Gargano,  A.  G.  Simon  C.,  R.  D.  Gladu, 
F.  E.  Hamilton,  R.  N.  Haydon,  W.  A. 
Horne,  F.  lezzoni,  G.  J.  Ikin,  E.  J.  Knys- 
tautas,  C.  F.  Kohler,  J.  Lukosevicius,  R. 
A.  Marleau,  R.  D.  Martin,  R.  H.  M.  Michels, 

N.  W.  L.  Murphy,  L.  L.  O’Connell,  B.  T. 
O’Connor,  G.  Parkin,  A.  Petrauskis,  J.  M. 
Piment,  A.  Pina,  R.  Santo,  J.  R.  Vinette. 

Royal  Military  College: 

J.  C.  Beacham,  J.  W.  Crawford,  D.  W. 
Edgecombe,  S.  G.  Esdaile,  W.  G.  H.  Evans, 

E.  A.  Everest,  J.  A.  Jackson,  F.  E.  Jews- 
bury,  R.  B.  Manning,  M.  C.  McGreffor,  J. 
L.  Richard,  J.  D.  Sutherland,  E.  A.  Wehrle. 

University  of  Toronto: 

E.  N.  Aplin,  R.  C.  Davis,  C.  de  Wit,  J. 
W.  Goodanetz,  K.  Lovinsky,  R.  N.  MacKay, 
J.  A.  McLaren,  A.  Niiholm,  J.  Thurner, 
R.  C.  Tze. 

Carleton  University: 

A.  W.  Andrews,  J.  E.  Barnes,  N.  H. 
Fyfe,  G.  A.  Lavoie,  M.  H.  Quast,  A.  G. 
Ross,  R.  M.  Solman,  P.  B.  Wright. 

St.  Joseph's  University: 

G.  Couturier,  R.  Dugas,  J.  G.  Leblanc. 
J.  G.  Nadeau. 

Michigan  Colleae  of  Mining  and  Tech- 
nology: C.  E.  Mickelson,  T.  G.  Bullock. 

Mount  Allison  University:  J.  E.  Stevens. 

Ontario  Agricultural  College:  C.  E.  Prit- 
chard. 

Royal  College  of  Science  and  Technology: 

Ka-Pang  Hsu. 

Applications  through  Associations 

By  virtue  of  the  co-operative  agree- 
ments between  the  Institute  and  the  Asso- 
ciations the  following  elections  and  trans- 

(Continued  on  page  80) 
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REGISTRATION  IN  ENGINEERING  AT  CANADIAN  UNIVERSITIES  1961-62 


University 

Year 

General  Course 

Agricultural  Engineering 

Petroleum  Engineering 

Chemical  Engineering 

Civil  Engineering 

Electrical  Engineering 

Industrial  Engineering 

Geology  and  Mineralogy 

Engineering 

Mechanical  Engineering 

Metallurgical  Engineering 

Mining  Engineering 

! 

Ï 

o 

1 

o 

>% 

1 '1 

! 

i 

' Memorial 

1st 

83 

83 

2nd 

44 

44 

3rd 

56 

56 

Total 

183 

183 

Dalhousie 

1st 

70 

8 

78 

2nd 

87 

5 

92 

3rd 

37 

7 

44 

4th 

4 

4 

5th 

7 

7 

1 Total 

194 

31 

225 

1 St.  Mary’s 

1st 

58 

58 

2nd 

24 

24 

3rd 

22 

22 

Total 

104 

104 

St.  Francis  Xavier 

1st 

59 

59 

2nd 

61 

61 

3rd 

42 

42 

Total 

162 

162 

N.S.  Technical 

4th 

9 

72 

57 

50 

5 

6 

• • 

199 

College 

5th 

13 

39 

32 

23 

7 

2 

116 

I’otal 

22 

111 

89 

73 

12 

8 

315 

Acadia 

1st 

63 

.... 

63 

2nd 

39 

39 

3rd 

27 

27 

Total 

129 

— 

129 

Mount  Allison 

1st 

56 

56 

2nd 

48 

.... 

48 

3rd 

32 

32 

Total 

136 

136 

New  Brunswick 

1st 

22 

49 

51 

36 

3 

3 

164 

2nd 

15 

55 

34 

29 

1 

4 

138 

3rd 

9 

43 

48 

24 

1 

2 

127 

4th 

!) 

51 

26 

32 

4 

125 

5th 

5 

50 

31 

....  .... 

11 

4 

104 

'I’otal 

60 

248 

190 

....  ! .... 

135 

5 

20 

658 

St.  .loso|)h’s 

1st 

27 

27 

2nd 

21 

.... 

21 

3rd 

9 

. . 

9 

'I'ota! 

57 

■ ■ 

57 

IjRval 

1st 

275 

.... 

275 

2nd 

271 

271 

3rd 

1 1 

It) 

59 

3 

29 

10 

1 

19 

175 

Ith 

13 

17 

21 

o 

26 

/ 

2 

6 

127 

5th 

1 

51 

19 

3 

18 

2 

1 

r> 

106 

'Total 

516 

. . , 

28 

138 

102 

8 

73 

19 

10 

30 

951 

I'lcole 

1st 

258 

258 

l’olyt<'clini(|U(‘ 

2ihI 

329 

329 

3rd 

295 

. . 

295 

llh 

20 

85 

61 

1 

65 

1 1 

S 

1 1 

26.5 

51  h 

12 

lOti 

.51) 

•> 

51 

13 

«>•> 

15 

271 

Total 

882 

32 

191 

1 1 1 

6 

116 

21 

30 

26 

1.118 

McCill 

1st 

270 

270 

2nd 

233 

233 

, , ! 

1 1 

58 

.50 

10 

1 

15 

•2i)6 

llh 

1 5 

51 

71 

11 

3 

- 

191 

5th 

21 

71 

1 10 

15 

s 

1 

•> 

26 

Total 

503 

61 

1 66 

212 

136 

21 

s 

21 

1 
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REGISTRATION  IN  ENGINEERING  AT  CANADIAN  UNIVERSITIES  1961-62 


University 

Year 

General  Course 

Agricultural  Engineering 

Petroleum  Engineering 

Chemical  Engineering 

Civil  Engineering 

Electrical  Engineering 

Industrial  Engineering 

Geology  and  Mineralogy 

Engineering 

Mechanical  Engineering 

Metallurgical  Engineering 

Mining  Engineering 

Engineering  Physics 

Surveying  Engineering 

Forest  Engineering 

Total 

Sir  George  Williams 

1st 

140 

140 

2nd 

98 

98 

3rd 

6 

6 

17 

5 

34 

Total 

238 

6 

6 

17 

5 

272 

Loyola 

1st 

75 

75 

2nd 

58 

58 

3rd 

2 

15 

7 

16 

1 

41 

Total 

133 

2 

15 

7 

16 

1 

174 

Sherbrooke 

1st 

82 

82 

2nd 

54 

54 

3rd 

34 

34 

4th 

10 

14 

6 

30 

5th 

17 

13 

9 

39 

Total 

170 

27 

27 

15 

239 

Ottawa 

1st 

62 

1 

13 

19 

1 

2nd 

60 

7 

12 

22 

101  fl 

3rd 

3 

10 

12 

21 

46 

4th 

2 

10 

19 

31 

5th 

6 

11 

17 

Total 

127 

34 

37 

92 

290 

Carleton 

1st 

67 

67 

2nd 

30 

30 

3rd 

36 

36 

4th 

8 

7 

10 

2 

27 

Total 

133 

8 

7 

10 

2 

160 

Queen’s 

1st 

245 

245 

2nd 

17 

44 

28 

9 

42 

13 

8 

22 

183 

3rd 

13 

35 

40 

14 

26 

12 

7 

21 

168  ■ 

4th 

21 

38 

32 

9 

43 

7 

4 

27 

181  , 

Total 

245 

51 

117 

100 

32 

111 

32 

19 

70 

777  i = 

Toronto 

1st 

71 

82 

72 

19 

14 

33 

11 

13 

100 

415 

2nd 

56 

43 

66 

27 

5 

43 

11 

1 

71 

323  : 

3rd 

57 

54 

68 

18 

5 

67 

11 

6 

65 

351  1 

4th 

48 

67 

69 

32 

11 

70 

7 

14 

81 

399  i 

Total 

232 

246 

275 

96 

35 

213 

40 

34 

317 

1,488  Î 

McMaster 

1st 

81 

81  i 

2nd 

13 

10 

14 

12 

4 

8 

61  i 

3rd 

7 

5 

11 

9 

2 

3 

37  f 

4th 

7 

10 

7 

1 

4 

29  ^ 

Total 

81 

27 

15 

35 

28 

7 

15 

208  ^ 

Ontario  Agricultural 

2nd 

30 

30  ^ 

College 

3rd 

5 

12 

17  j 

4th 

11 

7 

18  1 

Total 

30 

16 

19 

65  ' 

Waterloo** 

1st 

316 

316 

2nd 

33 

43 

48 

56 

10 

190 

3rd 

16 

27 

35 

33 

14 

125 

4th 

13 

31 

26 

30 

13 

113 

5th 

13 

22 

6 

15 

16 

72 

Total 

316 

75 

123 

115 

134 

53 

816 

Western  Ontario 

1st 

100 

100 

2nd 

68 

68 

3rd 

7 

7 

14 

9 

37 

4th 

3 

9 

3 

8 

23 

Total 

168 

10 

16 

17 

17 

228 
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REGISTRATION  IN  ENGINEERING  AT  CANADIAN  UNIVERSITIES  1961-62 


University 

Year 

General  Course 

Agricultural  Engineering 

Petroleum  Engineering 

Chemical  l'ingineering 

Civil  Engineering 

Electi'ical  Engineering 

Industrial  Engineering 

Geology  and  Minei’alogy 

Engineering 

Mechanical  Engineering 

Metallurgical  Engineeiing 

Mining  Engineering 

lOngineering  Physics 

Surveying  Engineering 

Forest  Engineei'ing 

Total 

Assumption 

1st 

31 

8 

16 

12 

6 

3 

76 

2nd 

7 

9 

21 

3 

7 

47 

3rd 

7 

10 

12 

6 

35 

4th 

3 

17 

11 

1 

32 

Total 

31 

25 

52 

56 

16 

10 

190 

Laurentian 

1st 

16 

16 

l'otal 

16 

16 

Manitoba 

1st 

254 

254 

2nd 

150 

1 

6 

157 

3rd 

43 

47 

1 

23 

4 

118 

4th 

58 

42 

1 

35 

5 

141 

Total 

404 

101 

89 

3 

58 

15 

670 

Saskatchewan 

1st 

381 

381 

2nd 

186 

2 

1 

io 

14 

10 

2 

il 

245 

3rd 

18 

11 

58 

35 

13 

51 

15 

201 

4th 

17 

2 

15 

66 

49 

13 

42 

24 

228 

Total 

567 

37 

3 

45 

124 

98 

36 

95 

50 

1,055 

Alberta 

1st 

236 

236 

(Udmonton) 

2nd 

2 

32 

60 

69 

47 

9 

1 

220 

3rd 

6 

26 

70 

48 

39 

7 

3 

7 

206 

4th 

6 

37 

73 

82 

34 

8 

2 

11 

253 

Total 

236 

14 

95 

203 

199 

120 

24 

6 

18 

...  - 

915 

Alberta  (Calgary) 

1st 

102 

102 

2nd 

18 

i4 

i8 

9 

.... 

59 

'hotal 

102 

18 

14 

18 

9 

. . 

161 

British  Columbia 

1st 

327 

327 

2nd 

245 

245 

3rd 

26 

40 

54 

1 1 

41 

20 

5 

11 

2 

210 

4th 

26 

40 

53 

1 1 

47 

25 

3 

14 

219 

'l’otal 

572 

52 

80 

107 

22 

88 

45 

8 

25 

2 

1,001 

(Canadian  HerviccN 

dolkgcH 

Itoyal  Military 

1st 

77 

i i 

College'  (Kingston) 

2nd 

30 

.... 

.... 

30 

3rd 

7 

10 

25 

25 

S 

84 

■Ith 

6 

28 

13 

15 

3 

65 

'l’otal 

1 16 

13 

17 

38 

j 40 

1 1 

265 

Itoyal  Itoads 

1st 

06 

, . . 

06 

2)1(1 

17 

5 

17 

16 

4 

18 

$ i 

'Potal 

1 13 

5 

17 

16 

1 

18 

173 

( cllege  Militaire 

1st 

1 16 

146 

Itoyal  de  St. -.lean 

2nd 

76 

76 

Total 

2*22 

•>oo 

( Irand  'l'otiil 

6,016 

37 

17 

,S!I6 

2, 1 1 S 

2.0(7 

06 

142 

l..‘)31 

22 1 

128 

716 

20 

O 

ll.S'.Al 

l’iirspeelive  l!)(;2 

( Iradiiale.s 

17 

,s 

2 13 

>0 

613 

32 

.■>0 

187 

7^ 

216 

1 
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(Continued  from  page  76) 

fers  became  effective  October  28,  1961. 

ALBERTA 

Associate  Members:  B.  E.  B.  Cameron,  R. 
R.  Coutts. 

Associate  Member  to  Member:  H.  D. 

Meley. 

SASKATCHEWAN 

Members:  R.  Agarwal,  R.  L.  Hansen,  J.  F. 
Zimmerman. 

Associate  Members:  J.  S.  Ink,  J.  F.  Kop- 
chynski,  A.  Krchmar. 

Associate  Member  to  Member:  J.  M, 

Heidt,  A.  Lissey,  A.  D.  Newsham,  R.  G. 
Sanders,  A.  T.  Torgrimson. 

NEW  BRUNSWICK 
Member:  P.  R.  Stewart. 


STUDENTS  ADMITTED 
Dalhousie  University: 

D.  G.  Alexander,  H.  P.  Blois,  J.  S. 
Collins,  J.  W.  Cowie,  F.  W.  Cullen,  W.  E. 
Ellis,  C.  A.  Firth,  P.  B.  Forrest,  D.  L. 
George,  M.  J.  Giddy,  B.  W.  Green,  K.  E. 
Hutchinson,  H.  Jansen,  R.  E.  Johnson,  J. 
R.  Lord,  I.  S.  MacDonald,  R.  D.  MacKeen, 
D.  G.  Maclean,  D.  K.  Maclean,  S.  A.  Mal- 
colm, J.  T.  Manuel,  P.  F.  Martin,  M. 
Mayall,  C.  S.  L.  MacNeil,  T.  B.  Meisner, 
J.  B.  Mitchell,  G.  D.  Murray,  A.  G.  Nauss, 
P.  P.  Nickerson,  T.  G.  O’Flaherty,  T.  L. 
Pierce,  G.  C.  Read,  A.  J.  Robertson,  H.  E. 
Sangster,  H.  Y.  K.  Wong,  H.  C.  Wood,  R. 

A.  Woodroffe. 

Laval  University: 

J.  Archambault,  Y.  Armstrong,  L.  Aubin, 
J.  Beaulieu,  P.  A.  Belanger,  P.  A.  Blan- 
che!, J.  Brunet,  G.  Couillard,  R.  Doucet, 
J.  C.  Dufour,  B.  Fradet,  A.  Gauvin,  C. 
Laliberte,  G.  Laperriere,  J.  C.  Lavoie,  P. 
Lavoie,  G.  Lessard,  J.  Lortie,  H.  Marois, 
R.  Noiseux,  A.  Nollet,  C.  Ouellet,  J.  Y. 
OueLet,  A.  Pellan,  D.  Pomerleau,  J.  G.  G. 


Porlier,  D.  W.  Seale,  G.  Tanguay,  L.  Tan- 
guay, A.  Tremblay,  G.  Trudel,  J.  P. 

Villeneuve. 

Canadian  Services  College — Royal  Roads: 

B.  W.  Alley,  R.  G.  Bell,  R.  W.  Boadway, 

F.  G.  Bobiasz,  R.  Boylo,  J.  E.  Bradbury, 

R.  O.  P.  Brown,  T.  C.  Calow,  T.  F.  Caw- 
sey,  G.  A.  Cooper,  D.  C.  Draper,  L.  G, 
Dube,  P.  J.  Dunne,  H.  A.  Gordon,  H.  M. 
Griffiths,  C.  R.  Keple,  J.,  T.  Koziel,  A.  D. 
Lee,  J.  G.  Leech,  W.  P.  Marshall,  W.  D. 
McNeill,  G.  Mulder,  D.  G.  Oke,  J.  H. 

Racine,  D.  A.  Renshaw,  M.  E.  Ronberg, 

R.  A.  Row,  J.  M.  Saunders,  W.  R.  Scott, 

G.  E.  Spence,  D.  C.  Summers,  W.  S. 
Yankowich. 

University  of  New  Brunswick: 

J.  H.  Arbing,  H.  F.  Bamford,  J.  A.  G. 

Booth,  H.  K.  Campbell,  G.  V.  Craswell, 

D.  C.  De  Merchant,  G.  S.  Gorham,  M. 

Horn,  J.  B.  Mercer,  D.  K.  Misener,  F.  A. 
Sainz,  N.  S.  Slover,  A.  K.  L.  Wong., 

University  of  Alberta: 

W.  J.  Chudobiak,  J.  F.  Hugo,  R.  J.  Hun- 
ter, N.  H.  Neufeld,  L.  W.  Sadler,  W.  G. 
Seyer,  R.  E.  Stauffer,  C.  D.  Westcott. 

Loyola  College: 

K.  C.  Kelly,  M.  E.  Malone,  S.  Marino, 

S.  Peres,  N.  Preston,  J.  Seliskar,  S.  Sopko. 

University  of  Western  Ontario: 

J.  R.  Archer,  M.  K.  Dick,  J.  R.  De 
Koning,  D.  L.  Denomy,  P.  Howe,  M. 
Jensen,  K.  A,  Smart. 

University  of  Toronto: 

W.  R.  Buckley,  W.  T.  Dickinson,  I.  A. 
Fraser,  R.  W.  Jones,  F.  S.  Martin,  S. 
Masionis. 

Ontario  Agricultural  College: 

R.  J.  Burnside,  W.  J.  Harrison,  G.  S. 
Messenger,  E.  R.  Norris,  D.  G.  Weldon. 

McGill  University: 

R.  A.  Knebel,  J.  F.  Milton,  D.  S.  Thiara, 
R.  S.  Trump,  M.  R.  Vadori. 

St.  Joseph  University: 

C.  Bourgeois,  D.  Drapeau,  J.  Guimond, 
J.  A.  LeBlanc,  G.  Savoie,  O.  Vautour. 

University  of  Ottawa: 

J.  Auns,  J.  Boucher,  S.  H,  Van  Eyk, 
M.  Voyer, 

McMaster  University: 

S,  W.  Broadbridge,  D.  P.  Holmberg. 

Application  through  Associations 

By  virtue  of  the  co-operative  agree- 
ments between  the  Institute  and  the  Asso- 
ciations the  following  elections  and  trans- 
fers became  effective  November  25,  1961. 

ALBERTA 

Associate  Member:  D.  K.  McJunkin. 

Associate  Member  to  Member:  R.  S.  Thom- 
son. 

SASKATCHEWAN 

Members:  M.  H.  Allan,  A.  J.  Balezantis, 
J.  P.  Earl,  W.  H.  Griffin,  C.  E.  Rules,  K. 
Mountain,  J.  O.  Pitts,  P.  A.  Utley,  D.  E. 
Wahler. 

Associate  Members:  J.  C.  Badger,  G.  E. 
Dubord. 

Student:  E.  A.  George. 

Associate  Member  to  Member:  R.  K.  Bree- 
der. P.  E.  Brown,  J.  J.  Luchanko,  L.  E. 
Stanley,  L.  B.  Sylvester. 

NOVA  SCOTIA 

Member:  R.  C.  Rushton. 


ERRATA 

On  page  124  of  the  Oetober 
issue  of  the  Engineering  Jour- 
nal it  was  reported  in  error  in 
the  minutes  of  the  1961  Annual 
General  Meeting  that  “Profes- 
sor Rlaek  said  he  would  support 
the  senior  members  who  have 
urged  that  the  Institute  pro- 
ceed slowly  with  this  matter.” 
This  should  have  read:  “Pro- 
fessor Lash  said  he  would ...” 
The  Journal  regrets  any  em- 
barassment  this  error  might 
have  caused. 


Report  of  the  Admissions  Committee 
November  25,  1951 


Designed  and  Built-to-Order 
by 


C.M.C.  2'A"x  120"  HOT  SLAB 
CROP  SHEAR 


Shear  Pressure 
Maximum 

850  Tons 

Maximum  Stroke 

10  Inches 

Slab  Capacity 

m In.  X 120  In. 

Maximum  Hydraulic 
Pressure 

1500  PSI 

Height  over  all 

15  Feet 6 Inches 

Length  over  all 

15  Feet 

Width  over  all 

5 Feet  10  Inches 

Approximate 

Weight 

85  Tons 

Consult  us  without  obligation 


The  C.M.C.  Special  Purpose  Machine 
Division  is  ready  to  assist  your  company 
OP  any  special  machinery  problem.  We 
have  complete  facilities  plus  broad  ex- 
perience in  designing  and  building  machi- 
nes for  special  applications.  Our  engi- 
neers are  at  your  service.  Working  alone 
or  in  close  co-operation  with  your  engi- 
neering department,  they  will  develop 
the  machine  best-suited  for  your  job. 


CANADA  MACHINERY  CORPORATION  LTD. 

GALT,  ONTARIO,  CANADA 
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iVhy  wait  for  engineering  prints... 

. when  you  can  get  them  in  minutes?  Ilinulrocls  of  leading  industrial  com- 
mies are  now  making  their  prints  liy  .\crogropliy,  the  most  economical  and 
•rsatile  copying  process  in  the  business!  Xerographic  ecpiipment  produces 
larp,  black  on  white  prints— siz(i  for  size  or  reduced— on  ordinary  paper. 
'Hum  or  offset  paper  mast(;rs.  Prints  are  dry,  ready  for  immediate  use  . . . 
|in  he  written  on  easily  with  pen  or  pencil.  There's  no  capital  investment, 
ther.  r‘,(|uipmcnt  available  at  modiîst  rental.  Write  for  mon;  information, 
i Hox  OK  Canada  hiMiri-.n,  Dept.  24,  20  Mobile  Drive,  Toronto  IG. 


MODEL  1218 
copying  equip- 
ment for  sharp, 
inexpensive  pa- 
per masters  from 
original  draw- 
ings A to  D si;e. 


C0PYFL0»  Con- 
tinuous Print- 
ers* for  auto- 
m a t i c high 
volume  repro- 
duction from 
originals  or  roll 
microfilm. 


COPYFLO  24C* 
for  fully  auto- 
matic high  speed 
reproduction 
from  roll  or 
card  - mounted 
microfilm. 


1824  PRINTER 
for  low  or  me- 
dium volume  re- 
production from 
card  - mounted 
microfilm. 


'Prints  automatically  onto  ordinary  paper,  vellum  or 
offset  paper  masters  at  rate  of  20'  per  minute! 


XEROX 

OF  CANADA  .JMITEO 


I 


Personals 


H.  L.  Johnston, 


M.E.I.C. 


L.  W.  Pillar, 

M.E.I.C. 


R.  E.  Grout, 


M.E.I.C. 


M.E.I.C. 


G.  P.  Webb, 


H.  Lloyd  Johnston,  m.e.i.c.  (McGill  ’27) 
recently  retired  from  bis  position  as 
Chief  Engineer  with  Du  Pont  of  Canada 
Ltd.  He  joined  the  Company  in  1936 
as  project  engineer.  Since  then,  he  has 
held  a number  of  senior  posts,  including 
that  of  manager  at  a plant  at  Windsor, 
Ont.  He  was  appointed  Chief  Engineer 
in  1954.  Immediately  following  retire- 
ment he  entered  private  practice  and  is 
now  engaged  on  a two  year  assignment 
with  E.  I.  dll  Pont  de  Nemours  & 
Comirany  as  a consultant.  Part  of  his 
time  is  spent  in  Los  Angeles  and  part 
in  Mexico. 

L.  W.  Pillar,  m.e.i.c.  ( King’s  College  ’25  ) 
was  appointed  recently  to  the  board  of 
directors  of  Ewbank,  Tupper  & As- 
sociates Ltd.  in  the  recent  reorganization 
and  change  in  name  and  ownership  of 
that  company.  Mr.  Pillar,  who  was  vice- 
president  of  Ewbank  & Partners  ( Can- 
ada) Ltd.  will,  besides  serving  as  a 
director  of  Ewbank,  Tupper  and  As- 
sociates, also  hold  the  position  of  execu- 
tive vice-president  and  will  be  in  charge 
of  civil  engineering  with  the  new  Cana- 
dian company.  Prior  to  this  Mr.  Pillar 
was  a consultant  in  charge  of  major 
highway  and  public  works  projects  in 
Ontario. 

R.  P.  Horlock,  m.e.i.c.  (City  & Guilds 
’28),  director  and  vice-president  of  As- 
sociated Electrical  Industries  (Canada) 
Ltd.,  recently  transferred  to  the  head 
office  of  AEI  Ltd.,  London,  England. 
He  will  retain  his  present  position,  and 
in  addition  be  manager.  North  American 
Area,  for  AEI  Export  Ltd. 

A.  J.  Leighton,  m.e.i.c.  (U.  of  Sask.  ’42) 
has  been  named  a vice-president  of  the 
consulting  engineering  finn,  Ingledow 
Kidd  & Associates  Ltd.  Until  recently 
Mr.  Leighton  was  a vice-president  of  In- 
ternational Power  and  Engineering  Con- 
sultants and  was  formerly  Director  of 


Engineering  of  the  B.C.  Power  Com- 
mission. 

R.  E.  Grout,  M.E.I.C.  (Alberta  ’36)  has 
been  appointed  president  of  The  Shawi- 
nigan  Engineering  Company,  Limited. 
Fonnerly  vice-president.  Engineering, 
Mr.  Grout  succeeds  Guy  R.  Rinfret  who 
died  recently.  He  joined  Shawinigan 
Engineering  in  1937  as  a junior  engi- 
neer. He  was  in  charge  of  the  electrical 
design  for  a number  of  the  Company’s 
developments  and  others  for  which  the 
Company  has  done  design  work.  He  was 
appointed  senior  electrical  engineer  in 
1954,  chief  engineer.  Electrical  diwsion, 
in  1956,  a director  and  vice-president  in 

1960,  and  vice-president.  Engineering, 
in  1961. 

Geoffrey  P.  Webb,  m.e.i.c.  (London  ’52) 
has  accepted  an  administrative  position 
with  the  Frequency  Standardization 
Commission  of  the  Electricity  Authority 
of  Jamaica,  and  has  taken  up  residence 
in  Kingston.  For  the  past  five  years 
Mr.  Webb  has  been  engaged  in  the 
design  of  Hydro-Quebec’s  Bersimis  H 
Project  and  their  Carillon  development 
on  the  Ottawa  River. 

R.  C.  Beal,  m.e.i.c.  (Tor.  ’44)  has  been 
appointed  manager  of  engineering  at 
The  British  American  Oil  Company’s 
head  office  in  Toronto.  Mr.  Beal  was 
formerly  chief  engineer. 

J.  A.  Thomas,  m.e.i.c.  ( Queen’s  ’42  ) has 
been  appointed  a director  and  vice- 
president,  Engineering,  of  The  Shawini- 
gan Engineering  Company,  Limited.  Mr. 
Thomas  joined  Shawinigan  Engineering 
in  1948  and  soon  after  was  named  hy- 
draulic engineer.  In  1954  he  was  ap- 
pointed hydraulic  engineer  in  charge  of 
civil  engineering  design.  In  1956,  he 
was  appointed  chief  engineer.  Civil  di- 
vision, and  vice-president  in  March  of 

1961. 


Mark  W.  Booth,  m.e.i.c.  (London  Uni-  j 
versity  ’10)  recently  retired  after  51 
years’  service  with  the  Dominion  Steel 
and  Coal  Corporation  Limited’s  plant  at 
Sydney,  Nova  Scotia.  Mr.  Booth  was  I 
made  a life  member  of  E.I.C.  a few 
months  ago.  ! 

j 

Karl  Glackmeyer,  a. m.e.i.c.  (Loyola  | 

College)  has  been  appointed  Quebec  re- 
presentative of  Canadian  Aero  Service  ' 

Quebec  Ltd.  { 

f 

A.  J.  Kyle,  m.e.i.c.  (U.B.C.  ’51)  has 
been  appointed  Underground  Superin-  ^ 

tendent  at  the  potash  mine  and  plant 
project  of  International  Minerals  & ' 

Chemical  Corp.  (Canada)  Ltd.  Prior  to  ' 

joining  IMC,  Mr.  Kyle  worked  with  the 
Potash  Company  of  America  Ltd.,  at 
Saskatoon,  and  Stanrock  Uranium  Mines  . 

at  Elliott  Lake,  Ont.  In  his  new  post  he  j 
will  be  responsible  for  the  engineering  ' 

and  selection  of  equipment,  supervising, 
planning  and  scheduling  of  the  under- 
ground operation. 

Andrew  J.  Watt,  m.e.i.c.,  of  Fairvale, 
King’s  County,  N.B.,  has  established 
his  own  consulting  firm  and  will  spe- 
cialize in  the  design  and  detail  of  struc-  | 
tures  and  serve  as  a representative  for  Î 
engineering  goods  and  specialties  in  the  , 
Maritimes.  Mr.  Watt  recently  resigned  , 
his  position  with  the  Saint  John  Ship-  ■ 
bnilding  and  Dry  Dock  Co.  Ltd.  w^here  ! 
he  was  director  of  personnel  and  training.  j 

J.  L.  Halter,  m.e.i.c.  (U.  of  Man.  ’46)  i 
has  been  appointed  superintendent  of  j 
engineering  of  the  Red  Rock  Mill  of  I 
St.  Lawrence  Corporation  Ltd.  Prior 
to  this  promotion  Mr.  Halter  was  plant 
engineer  at  the  same  Mill. 

Evar  Y.  Carlson,  m.e.i.c.  (Sask.  ’50) 
has  been  appointed  manager.  Product 
Planning,  of  the  Canada  Brick  Division 
of  Canadian-Marietta  of  Ontario  Lim- 
ited. Mr.  Carlson  was  formerly  General 
Manager  of  Saskatchewan  Clay  Products. 

Obituaries 

E.  H.  Darling,  m.e.i.c.,  and  a life  mem- 
ber of  E.I.C.  died  Aug.  23,  1961.  Mr. 
Darhng  graduated  from  the  University  of 
Toronto  in  mechanical  engineering  in 
1898.  He  became  an  associate  member 
of  E.I.C.  in  1904,  a member  in  1919  and 
was  made  a life  member  in  1947. 
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WHY  NOT? 

© 


Wherever  there’s  wiring,  Pyrotenax  mineral  insulated 
cables  should  be  considered.  Costwise,  "Pyrotenax"  is 
competitive  with  other  wiring  methods.  Timewise,  it 
saves  hours  of  labour.  Qualitywise.  it  is  durable,  water 
resistant,  heat  resistant,  shock  resistant,  permanent. 
Install  it  and  forget  it— indoors,  outdoors  or  buried 
directly  in  the  ground.  .Shouldn't  you  consider 
"Pyrotenax"?  Write  for  full  information. 


TYPE  Ml  CABLES 

PYROTENAX  OF  CANADA  LIMITED 
PLANT  & EXECUTIVE  OFFICES 
TRENTON,  ONTARIO. 
Tel.:  EXeter  2-6571 

T.  M.  REC'D  OFFICES  « WAREHOUSES)  TORONTO  WINNIPEG  VANCOUVER 


You  don't  wolf  for  delivery  . . . "Pyrotenax"  It  mode  In  Canada' 


RepiescnUlivts  Manli(>.il  OlltAt 

Disliibulois  Noilhein  Electnc  Co.  ltd 
e W.  Ploylord  limited 
NiiiK.)ie  Vtlltnce  Brown 
Noilti  SU(  EltcliictI  Wboletile  Limited 


Hjmillon  London  Cilc:  . 

Blenches  throuthnut  Cmedt 
Monireel  A Olliwi 
SI  Cjlhaines.  r '■■wjl  - 

lorl  tSill.im  6IP« 
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8S 


other  Societies 


United  Engineeri)ig  Center  Opens 

The  official  opening  of  the  20-storey 
United  Engineering  Center,  New  York, 
took  iilace  early  in  November.  The  build- 
ing currently  houses  19  professional 
groups,  representing  some  300, 000  engi- 
neers. 

The  Center,  located  on  the  United 
Nations  Plaza,  has  been  constructed  at 
a cost  of  about  $12  million.  Much  of  the 
money  has  come  from  the  contributions 
of  individual  engineers,  augmented  by 
gifts  from  industry. 

Funds  were  raised  for  the  building— 
and  its  overall  planning  and  construction 
supervised— by  the  United  Engineering 
Trustees,  Inc.  This  control  group  was 
entrusted  in  1904  to  administer  the  old 
Engineering  Societies  Building  and  has 
continued  since  to  control  the  jointly 
owned  and  operated  facilities  as  the 
building  and  the  Engineering  Societies 
Library. 

The  $800,000  quota  assigned  to  the 
American  Society  of  Civil  Engineers, 
with  a membership  of  about  48,000,  for 
the  building  fund  was  raised  by  co- 
operation of  all  the  Sections,  their 
Branches  and  many  of  the  Student 
Chapters.  Money  was  received  from 
engineers  in  a number  of  other  countries. 

The  United  Engineering  Center  will 
open  a new  era  to  the  engineering  so- 
cieties and  their  headquarters  staffs.  The 
move  will  bring  into  a central  building 
five  groups  that  were  not  in  the  Engi- 
neering Societies  Building.  For  the  first 
time  the  societies  will  have  lunching 
facilities  within  their  own  building,  thus 
bringing  their  staffs  into  daily  contact. 
Also  the  building  will  provide  a conveni- 
ent meeting  place  for  visiting  engineers. 


Former  President 
Herbert  Hoover 


Initially  the  Engineering  Foundation 
department  of  the  United  Engineering 
Trustees,  Inc.  was  establi.shed  for  the 
furtherance  of  research  in  science  and 
engineering.  Later,  the  Foundation  turned 
from  the  support  of  research  to  the 
stimulation  of  research.  Today’s  program 
is  directed  to  a greater  utilization  of  the 
mental  energies  and  capacities  of  the 
five  Founder  Societies  represented  by 
United  Engineering  Trustees,  and  which 
have  an  aggregate  membership  of  over 
20(),0()0.  The  Engineering  Foundation, 
through  this  great  resource,  seeks  to  be 
a more  effective  joint  instrumentality 
than  ever  in  the  service  of  these 
Societies  within  their  broad  interrelated 
areas. 

The  Founder  Societies  are  the  Ameri- 
can Society  of  Civil  Engineers,  the  Ameri- 
can Institute  of  Mining,  Metallurgical, 
and  Petroleum  Engineers,  The  American 
Society  of  Mechanical  Engineers,  the 
American  Institute  of  Electrical  Engi- 
neers, and  the  American  Institute  of 
Chemical  Engineers. 

Prime  Minister  Diefenbaker  sent  a 
message  stating:  “On  behalf  of  the 
Government  of  Canada  I extend  greet- 
ings and  congratulations  on  the  occasion 
of  the  dedication  of  the  United  Engi- 
neering Center.  The  Center  will  prove 
of  invaluable  service  in  many  national 
and  international  endeavours  to  engi- 
neers in  Canada  and  the  U.S.A.  who 
have  developed  over  the  years  an  out- 
standing relationship  of  co-operation  and 
mutual  assistance.” 

A message  from  President  Kennedy 
at  the  dedication  ceremonies  read  in  part, 
“It  is  perhaps  significant  that  in  this  era, 
when  the  mind  of  man  is  the  basis  for 
world  struggle,  we  find  a considerable 
measure  of  hope  in  the  technological 
strengths  our  engineers  can  share  with 
peoples  of  the  free  world.  Without  the 
technological  developments  that  have 


taken  place  in  our  country,  which  have 
provided  us  with  the  resources  to  main- 
tain our  life  as  we  know  it,  ours  would 
be  an  uncertain  future.” 

Among  those  who  spoke  at  the  dedi- 
cation of  the  Center  were:  foianer  Presi- 
dent Herbert  Hoover;  Robert  P.  Wagner, 
Mayor  of  New  York;  S.  W.  Marras, 
Secretary  and  General  Manager  of  the 
United  Engineering  Trustees,  Inc.; 
William  Hallerberg,  an  engineering  stu- 
dent from  Missouri  School  of  Mines  and 
Metallurgy,  Rolla,  Mo. 

Representing  the  Engineering  Institute 
of  Canada  were:  President  B.  G.  Ballard; 
Past-President  L.  F.  Grant  of  Kingston, 
Ont.;  and  General  Secretary,  G.  T.  Page. 

Industrial  Relations  Proceedings 

“Changing  Patterns  in  Industrial  Re- 
lations”, the  Proceedings  of  the  I3th 
annual  industrial  relations  conference  at 
McGill  University,  now  is  available.  The 
program  of  the  1961  conference  held 
last  June  was  concerned  primarily  with 
the  effects  of  technological  and  scientific 
change  on  industrial  relations— particular- 
ly those  identified  with  automation. 

The  Proceedings  are  available  at  the 
Industrial  Relations  Centre,  McGill  Uni- 
versity, 1020  Pine  Ave.  W.,  Montreal  2. 
Price  per  copy  post  paid  is  $2.  Four  or 
more  copies,  each  $1.80. 

Coming  Events 

American  Society  of  Heating,  Refrigerat- 
ing and  Air  Conditioning  Engineers. 
Semi-annual  Meeting.  St.  Louis.  Jan. 
28-Feb.  1. 

American  Institute  of  Electrical  Engi- 
neers. Winter  General  Meeting.  New 
York  City.  Jan.  29-Feb.  2. 

Canadian  Institute  of  Surveying  and 
Photogrammetry.  Annual  Meeting. 
Ottawa.  Feb.  7-9. 

American  Institute  of  Mining,  Metal- 
lurgical and  Petroleum  Engineers  Inc. 
Annual  Meeting.  New  York  City. 
Feb.  18-22. 

American  Society  of  Civil  Engineers. 

Houston,  Texas.  Feb.  19-23. 
American  Society  of  Mechanical  En- 
gineers. Gas  Turbine  Power  Gon- 
ference.  Gleveland.  March  4-7. 
Engineering  Institute  of  Canada,  Mont- 
real Branch.  Urban  Transportation 
Conference.  Montreal.  March  22-23. 
ASME-AIEE-EIC  Railway  Conference. 
Toronto.  April  9-11. 

Engineering  Institute  of  Canada.  South- 
ern Ontario  Regional  Technical  Con- 
ference. London,  Ont.  April  28. 
Engineering  Institute  of  Canada.  Annual 
Meeting.  Montreal.  June  12-15.  ||ig 
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News  of  the  Branches 


Amherst 

G.  C.  L.  McEnery,  m.e.i.c. 

Correspondent 

At  the  November  24  meeting  at 
the  Cumberland  Hotel,  speaker  Herb 
Marshall,  Past  Chairman  of  the  Halifax 
Branch,  was  introduced  by  W.  D. 
Hagan,  Chairman  of  the  Amherst 
Branch.  Mr.  Marshall  was  the  initial 
speaker  in  a series  of  lectures  to  fami- 
liarize the  members  on  the  subject  of 
Confederation.  He  touched  briefly  on 
the  history  of  the  E.I.C.,  and  spoke  at 
length  on  the  information  services,  com- 
mittee work,  and  other  services  offered 
by  the  E.I.C.  to  its  members.  A vote  of 
thanks  was  given  by  J.  W.  Wilson, 
Councillor  for  the  Amherst  Branch.  The 
Chairman  and  members  of  the  Branch 
agreed  that  the  subject  of  Confederation 
is  a vital  one  and  careful  study  and 
consideration  should  be  given  it  before 
the  Branch  voices  its  opinion  to  the 
national  body. 

Baie  Comeau 

G.  W.  Scott,  M.E.I.C. 

Correspondent 

Forty-three  members  and  affiliates 
were  present  at  the  November  16  meet- 
ing of  the  Branch,  at  which  Dr.  Peter 
Millman,  head  of  upper  atmosphere  re- 
scarch  at  the  National  Research  Council, 
was  guest  .speaker. 

Dr.  Millman’s  intere.sting  two  hour 
address  entitled  “The  A.B.C.  of  Space 
Travel”,  was  .supported  by  an  excellent 
.scries  of  slides  including  photographs, 
diagrams  and  .striking  color  sketches. 
It  gave  a comprehensive  picture  of 
space  investigation,  both  hi.storical  and 
of  wliat  we  may  expect  to  see  in 
(lie  near  future.  Starting  luimorously, 
witli  the  imaginative  fliglits  of  fancy  into 
siiace  of  tlie  1 8th  century’s  Baron  Mun- 
chau.scn.  Dr.  Millman  briefly  traced  the 
I dc'vclopment  and  history  of  rocketry  up 
to  the  Gc'rinan  V2  project  during  World 
War  II.  In  greater  detail,  he  then  out- 
liiu'd  the  work  carried  out  by  the  Uiiilt'd 
Stati's  in  the  (hwelopiiK-ut  of  the  multi- 
stage roi'kets  necessary  for  the  space 
probes,  up  to  the  successful  lauuehing  of 
th('  Saturn  Cl  on  Oetolx'r  27,  1961. 
Future  developments  of  man-iu-spaee 
projects  would,  according  to  Dr.  Mill- 
man,  largely  depend  on  the  Saturn  C4 
rocket,  an  improved  model  of  the  Cl 
with  a total  thrust  of  6,000.000  lb. 
Some  idea  of  tlu'  progress  in  (h'sign  of 
rockets  isiu  be  apinc'ciated  from  tlu’  fact 


that  the  German  V2  on  which  the  United 
States  and  the  Soviet  Union  based  their 
initial  development  programs  after  World 
War  II,  had  a thrust  of  only  56,000  lb. 
It  is  anticipated  that  the  Saturn  will 
have  sufficient  capacity  to  launch  a 
three-man  vehicle  into  space. 

Dr.  Millman  also  presented  a brief 
competitive  analysis  of  the  United  States 
and  Russian  space  efforts,  stressing  the 
difference  in  overall  policy  and  economic 
resources  made  available  in  each  case. 
In  development  immediately  after  the 
war,  the  United  States  space  administra- 
tion did  not  have  the  funds  made  avail- 
able to  them  for  the  development  of  the 
large  rocketry  necessary  for  man-in-space 
projects.  The  Russians  had  concentrated 
on  achieving  several  spectacular  firsts, 
with  high  propaganda  value,  in  the  field 
of  .space  investigation,  whereas  the 
United  United  States  had  accumulated 
more  scientific  information  from  their 
space  probes.  Summarizing  the  current 
situation.  Dr  Millman  states  that  of  73 
successfid  launchings  since  Sputnik  I, 
15  had  been  achieved  by  the  Russians, 
and  58  by  the  United  States. 

Dr.  Millman  commented  that  there 
was  no  question  of  the  authenticity  of 
Russian  achievements,  since  the  same 
standard  of  integrity  in  reporting  scien- 
tific observations  and  achievements  ap- 
plied to  the  Soviet  research  staffs  as  to 
those  of  the  We.stern  world. 

Looking  into  the  future.  Dr.  Millman 
showed  .some  details  of  space  vehicles 
now  in  development,  concluding  his 
address  with  a display  of  some  imagina- 
tive' pictures  of  future  manned  space 
vehicles  to  the  Moon  and  Mars.  These 
vehicles  were  euvisagc'd  by  Wemher  von 
Braun,  formerly  re.sponsible  for  the 
tc'clmieal  direction  of  the  German  rocket 
('stablishment  at  I’eenemunde,  and  nou’ 
occupying  a similar  position  in  the  arti- 
ficial .satellite  program  of  the  National 
Aeronautics  and  Space  .\dministration  of 
tlu'  United  Stati's. 

Belleville 

A.  F.  (i.  Tooth,  M.E.I.C. 

Correspondent 

R,  .'\.  I’reston,  profes.sor  of  hi.stors’  at 
thi^  Royal  Militars’  College,  Kingston, 
was  guest  spi-aker  at  the  Branch  dinner 
meeting  No\'.  13,  at  the  G'u'i'usway 

Hotel,  'Ireutou.  I’role.ssor  I’restou  chose 
as  his  subj('et,  '(airreiit  .Mlairs’,  In  ilis- 
c'ussiug  the  resumption  ol  iiuele.ir  testing 
by  the  Soviet  Itihon  and  thi'  Uniteil 
States,  I’rol,  I’ri'ston  saiil  it  is  evident 


that  a position  of  nuclear  stalemate  has 
been  reached  with  each  side  believing 
it  can  retaliate  with  equivalent  weapons 
in  event  of  attack.  He  said  this  may  be 
the  deterrent  to  the  development  of  a 
nuclear  war.  Prof.  Preston  then  explained 
the  formation  of  the  United  Nations 
Organization  with  particular  reference  to 
the  duties  of  the  Secretary  General,  and 
his  responsibilities  to  the  Security  Coun- 
cil and  the  General  Assembly. 

Border  Cities 

V.  Corin,  a. m.e.i.c. 

Correspondent 

Some  170  members,  wives  and  guests 
attended  the  annual  Branch  dinner  dance 
held  Oct.  20  at  the  Essex  Golf  and 
Country  Club.  President  B.  G.  Ballard 
and  Mrs.  Ballard  were  guests  of  honor. 
Dr.  Ballard  spoke  briefly  about  ‘Learned 
Societies  in  Research’.  C.  G.  P.  Armstrong 
thanked  the  speaker.  A toast  to  the 
women  was  proposed  by  R.  D.  Gilbert 
and  a gold  pin  was  presented  to  J.  M. 
Reid,  immediate  past  Chairman  of  the 
Branch.  A social  evening  followed. 

BrockviUe 

A.  N.  Campbell,  m.e.i.c. 

Correspondent 

Chairman  J.  R.  Eastwood  presided  at 
the  Branch’s  November  24  meeting. 
Guest  speaker  J.  J-  Gagnon,  Manager, 
Industrial  Relations  Division,  Aluminum 
Company  of  Canada  Limited,  Montreal, 
discussed  “Personnel  Administration  — 
Wliat?  How?  M'hy?” 

Mr.  Gagnon  began  by  asking  four 
(|ucstious:  “What  is  personnel  admini- 
stration? What  are  tlie  essential  elements 
of  sound  personnel  administration?  Wh\ 
do  we  need  personnel  administration? 
Wlio  is  responsililc  for  personnel  admini- 
stration?" .\ftor  dwelling  on  the  <iues- 
tions  in  an  interesting  and  a provocative 
way,  Mr.  Gagnon  discussed  personnel 
administration  in  referenee  to  eolleetive 
bargaining,  the  role  of  the  speeialist  in 
the  field,  and  ilealiug  with  unions.  He 
einled  his  talk  with  a final  question: 
“Do  Inunau  relations  have  a futiux'?" 

The  extremely  iuteia-sting  session  was 
well  reeeiveil.  Mr.  Gagnon  was  iutro- 
dueed  bv-  F.  1'.  Walsh  and  thanked  bv 
W . f'.  (amie. 

C.  \l.  Woods  reported  progress  on 
tlu'  .Seit'iiee  F.iirs  projeet  to  be  lu-ld  in 
Februarv  . 

(Coutinned  on  puce  SS‘ 
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Calgary 

R.  L.  Turner,  a.m.e.i.c. 

Correspondent 

At  the  Branch  meeting  of  Nov.  1, 
C.  K.  Hurst,  Harbours  & Rivers  Engi- 
neering Branch,  Department  of  Public 
Works,  Ottawa,  was  guest  speaker.  Mr. 
Hurst’s  speeoh  was  entitled,  ‘Internation- 
al River  Development’. 

Some  270  persons  attended  the  Branch 
barbecue  held  Sept.  9 at  Colpitt  Ranch. 
The  main  course  consisted  of  roast  beef, 
spare  ribs,  chicken  and  fish.  A foin-piece 
band  provided  square  dance  music,  and 
for  the  sports  minded  guests  a television 
set  was  tuned  to  the  Calgary  Stampeder- 
Edmonton  Eskimo  football  game. 

This  year  the  Branch  is  sponsoring  a 
student  from  Ea.st  Africa  in  the  faculty 
of  engineering  at  the  University  of  Al- 
berta. When  the  new  executive  took 
office  in  April  it  was  agreed  that  the 
membership  be  asked  to  pledge  a suffi- 
cient amount  of  funds  to  support  a 
student.  Enough  money  was  obtained  to 
sponsor  two  students.  Only  one  student, 
however,  was  able  to  participate  this  year 
and  the  money  which  is  held  in  a trust 
fund  for  this  sole  purpose  will  be  avail- 
able for  a second  student  one  year  from 
now. 

Cape  Breton 

Lloyd  Boutilier,  m.e.i.c. 

Correspondent 

Lt.-Col.  J.  E.  ThoqDe,  Zone  Co-ordin- 
ator, Civil  Defence,  Cape  Breton  Area, 
was  guest  speaker  at  the  Branch  meet- 
ing of  Oct.  25.  Lt.-Col.  Thorpe  chose  as 
his  subject,  ‘Nuclear  Fallout,  And  How 
to  Protect  Ourselves  From  It’.  Following 
a film,  ‘The  H-Bomb’,  he  compared  the 
destructive  characteristics  of  different 
strength  H-bombs  and  described  the 
various  areas  of  destruction.  The  speaker 
said  seven  per  cent  of  the  population 
should  be  trained  in  one  way  or  another 
in  case  of  an  emergenc).  A second  film, 
‘Fallout’,  was  then  shown.  Chainnan 
Rod  Bradley  introduced  and  thanked  the 
.speaker. 

Central  B.C. 

A.  F.  Joplin,  M.E.I.C. 

Correspondent 

Brian  S.  Harvey,  Whonnop  Hirtle  & 
Associates,  Kelowna,  was  elected  presi- 
dent of  the  Branch  at  the  'annual  elec- 
tion of  officers  Nov.  17.  Other  appoint- 
ments include  M.  ELston,  regional  engi- 
neer, Dept,  of  Highways,  Kamloops,  as 
Vice-Chairman  and  Vice-President;  R.  K. 
Coates,  Trans-Canada  Highways,  Revel- 
stoke,  R.  G.  Harris,  Water  Rights  Branch, 
Kelowna,  E.  Cameron,  Penticton,  as 
members  of  the  Branch  Council.  These 
men,  with  A.  L.  Freebairne,  also  serve 
as  directors  for  the  A.P.E.B.C.  R.  J. 
Talbot,  Kamloops,  will  continue  as  Sec- 
retary-Treasurer of  the  Branch,  and  J. 
D.  Robertson,  also  of  Kamloops,  was  re- 
elected Secretary  of  the  Association 
Branch. 

J.  W.  Nelson,  retiring  Chairman,  sub- 
mitted the  annual  report  of  the  Branch’s 
activities  for  the  year  together  with  a 
suggested  program  of  meetings  for  the 
coming  year.  While  membership  during 


the  year  showed  a decrease  of  five  mem- 
bers, there  was  an  increase  of  29  stu- 
dents. 

The  program  for  1962  includes  a meet- 
ing on  Jan.  19  at  Vernon  and  meetings 
at  Penticton  in  March;  Kelowna  in  May; 
Roger’s  Pass  and  Trans-Canada  High- 
way East  of  Revelstoke,  June  1. 

Cornwall 

J.  M.  Ferguson,  m.e.i.c. 

Chairman 

Paul  Walters,  district  engineer  of  the 
Harbour  Branch  of  the  Department  of 
Public  Works,  Ottawa,  organized  a pres- 
entation of  the  design  and  construction 
of  the  harbor  in  Cornwall  for  the  Nov. 
16  meeting  of  the  Branch.  Twenty  mem- 
bers attended. 

Three  of  Mr.  Walters’  associates  spoke 
on  different  aspects  of  the  harbor.  L.  T. 
Vaughan  of  Canadian-British  Engineer- 
ing outlined  the  preliminary  survey  and 
tlie  design  of  the  harbor.  Lindsay  Morris, 
resident  engineer  at  the  project,  dis- 
cussed the  actual  construction  of  the  dock 
at  the  harbor  and  M.  W.  Paul  spoke 
about  the  construction  of  docks  similar 
to  the  one  being  built  in  Cornwall.  All 
the  talks  were  accompanied  by  drawings 
and  colored  slides. 

The  speakers  were  introduced  by 
Charlie  Adams  and  thanked  by  Lome 
Raham. 

Edmonton 

W.  Rutherford,  m.e.i.c. 

Correspondent 

The  Branch  met  on  Wednesday,  No- 
vember 22nd,  at  5:30  p.m.  in  the  Seven 
Seas  Restaurant.  Mr.  Adam  Sandilands 
was  Chairman.  The  speaker  of  the  eve- 
ning was  G.  C.  Hamilton,  a Commissioner 
of  the  City  of  Edmonton,  who  spoke  on 
the  “Current  Central  Area  Plan”  in 
downtown  Edmonton.  Mr.  Hamilton 
pointed  out  that  there  was  a need  for  a 
plan  of  orderly  city  development  in  Ed- 
monton, wdiich  has  been  one  of  the 
fastest  growing  cities  in  Canada.  It  was 
not  without  a considerable  amount  of 
thought  that  the  city  had  entered  into 
consideration  of  a development  plan.  As 
a result  of  many  technical  reports  they 
have  considered  what  the  estimated  pop- 
ulation increase  would  be  in  the  future 
and  it  has  been  estimated  that  this 
would  be  approximately  one  million  at 
the  turn  of  this  century.  The  traffic  prob- 
lem in  Edmonton,  with  the  present  level 
of  population,  is  already  severe  and  with 
increasing  population  in  the  urban  areas, 
this  traffic  problem  would  become  un- 
manageable, so  that  any  development 
plan  would  include  an  appreciation  of 
parking,  transportation  and  any  other 
problems  associated  with  traffic  and  in 
particular  the  traffic  in  the  central  area 
of  Edmonton  could  be  mo.st  acute.  The 
city,  taking  account  of  many  reports  by 
consultants  and  technical  experts,  pres- 
ently considers  that  the  area  bounded  by 
the  C.N.R.  tracks  on  the  North,  97th 
street  on  the  East,  100th  Avenue  and 
the  River  Bank  on  the  South  and  109tli 
Street  on  the  West  should  be  developed 
as  the  central  area  of  the  city.  This  area 
is  considered  to  be  of  sufficient  size  to 


serve  the  needs  of  the  City,  bearing  in 
mind  the  population  increase  in  the  for- 
seeable  future.  Mr.  Hamilton  pointed  out 
that  there  was  a general  trend  for  new 
development  in  the  City  of  Edmonton  to 
move  westward  and  though  this  is  to  be 
expected,  it  is  still  necessary  to  be  able 
to  further  develop  the  areas  which  are 
presently  occupied  by  the  older  property. 

The  property  on  the  eastern  side  of 
the  projected  central  area  amounting  to 
about  60  acres  is  older  property  winch 
in  the  majority  of  cases  has  already  out- 
lived its  useful  hfe  and  as  there  has  been 
no  private  development  in  that  area  for 
many  years,  nor  has  the  city  been  able 
to  create  any  interest  in  that  area,  even 
with  the  building  of  a new  City  Hall  in 
the  immediate  vicinity,  the  City  Plan- 
ning and  Development  sections  have 
been  investigating  the  possibihties  of 
what  stimulation  can  be  generated  to  im- 
prove the  situation.  The  city  have  re- 
cently been  approached  by  a develop- 
ment trust,  Webb  and  Knapp  (Canada) 
Ltd.,  who  suggested  that  they  would 
consider  redeveloping  this  Eastern  area 
in  return  for  rights  of  participation  in 
the  developments  and  the  city  are 
actively  considering  this  proposal.  The 
details  of  the  proposal  by  this  company 
were  summarized  as  follows: 

(a)  The  Company  to  spend  $100,000 
to  prepare  a planned  development  pro- 
posal during  a period  of  four  months, 
and  the  city  would  not  approve  any 
other  development  proposals  in  this  60 
acres  during  this  period. 

(b)  The  city  would  consider  this  pro- 
posal, retaining  however,  their  right  to 
approve  or  disapprove  of  the  plan  pre- 
pared by  Webb  and  Knapp. 

( c ) In  the  event  of  approval  by  the 
city  of  the  development  trust  proposals, 
then  that  company  would  acquire  the 
following  rights  from  the  city: 

1.  Acquisition  of  50%  of  the  60  acres 
involved  in  the  planning  proposal. 

2.  The  right  to  pay  for  the  aquisi- 
tion  of  this  land  at  a fair  market 
price  as  assessed  by  at  least  two 
independent  appraisals. 

3.  The  city  would  retain  their  right 
to  determine  which  of  the  land 
within  this  60  acres  should  be 
made  available  for  the  develop- 
ment trust. 

After  a lively  question  and  answer 
period  ably  dealt  with  by  Mr.  Hamilton, 
he  was  thanked  by  T.  H.  Newton,  on 
behalf  of  tire  Mem'bership,  for  this  very 
fine  talk  on  this  very  topical  subject. 

The  meeting  was  adjourned  at  8:05 
p.m. 


Estevan 

O.  P.  Lesiuk,  m.e.i.c. 

Correspondent 

The  Branch  held  a meeting  Oct.  10 
at  wliich  O.  P.  Lesiuk,  Petroleum  Devel- 
opment Officer  H,  Saskatchewan  Depart- 
ment of  Mineral  Resources,  was  guest 
speaker.  Mr.  Lesiuk  in  his  speech  en- 
titled ‘Civil  Defence— Radiation  and  Fall- 
out’, dealt  with  the  basic  concepts  of 
radiation  and  fallout  and  the  necessary 
precautions  to  be  dealt  with  in  fallout. 
He  described  the  local  civil  defence  and 
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HI-BOND 
REINFORCING 
BARS  OF  HIGH 
STRENGTH  STEEL 

In  modern  concrete  construction  you 
can’t  afford  “dead"  weight.  Burlington’s 
Hi-Strength  bars  save  material  and  re- 
duce “dead”  load.  Write  for  additional 
information. 

Conforming  to  C.S.A.  Specifications 
G30.2,  G30.6,  for  sizes  3 to  11 — guaran- 
teed 50,000  psi  minimum  yield  point, 
and  sizes  14S  and  18S  to  A.S.T.M. 
specification  A408-58T. 

Also  available  by  arrangement,  special 
grade  60,000  psi  minimum  yield  point 
and  A.S.T.M.  A-431  (75,000  psi  mini- 
mum yield  point). 

lOGMS 

Burlington  Steel  Co.,  Ltd. 

HAMILTON 

CANADA  (:*  Ÿ S) 

r Made  in  Canado  ' ,^<'1  r 


mentioned  the  need  for  a fuller  knowl- 
edge of  nuclear  radiation  and  its  effects. 
He  spoke  of  the  value  of  various  types 
of  shelters  and  the  ways  of  improvising 
under  existing  conditions.  The  speaker 
was  thanked  by  Glen  Hedges. 

A Branch  dirmer  dance  scheduled  for 
Oct.  27  at  the  Elks  Hall  was  postponed 
until  Nov.  3 due  to  the  sudden  death  of 
Duanne  MacKenzie,  a charter  member 
of  the  Estevan  Section  of  the  A.P.E.S. 


N ewfoundland 

Anthony  Nemec,  m.e.i.c. 

Correspondent 

Barry  Saper,  manager  of  the  Satel- 
lite Tracking  Station,  was  guest  speaker 
at  a joint  meeting  of  the  Branch  and 
the  Military  Engineers’  Association  Nov. 
1.  The  meeting  was  held  at  Buckmaster’s 
Field  Officers’  Mess.  Mr.  Saper  outlined 
the  function  of  the  station  which  is  oper- 
ated in  Canada  through  a joint  agree- 
ment with  the  National  Besearch  Council, 
and  the  NASA  in  Washington.  The 
.speaker  outlined  the  coordinated  track- 
ing operation  in  conjunction  with  other 
stations  which  are  located  in  South  Am- 
erica, Alaska,  Australia  and  Europe.  He 
reviewed  the  history  of  all  satellites  that 
have  achieved  orbit  and  pointed  out  the 
great  difference  in  the  U.S.A.  program, 
which  is  basically  for  research,  and  that 
of  the  U.S.S.B.  program,  which  is  based 
on  much  heavier,  more  spectacular  but 
.s'hort-lived  orbits.  These,  he  said,  give 
very  limited  scientific  information  in 
comparison  with  some  U.S.  satellites 
which  will  be  in  orbit  for  200  years  or 
more. 

Films  were  shown  which  depicted  the 
successful  flight  of  Alan  Sheppard;  the 
100  ft.  diameter  communication  balloon 
which  is  still  in  orbit  and  can  be  seen 
at  times  passing  over  Canada;  the  de- 
velopment of  the  largest  known  missile 
whidh  has  eight  separate  rocket  engines 
in  the  first  stage  alone. 

Over  100  persons  attended  the  meet- 
ing. Afterwards,  a lunch  was  served. 


Nipissing  and  Upper  Ottawa 

J.  S.  Cooper,  m.e.i.c. 

Correspondent 

The  montlily  dinner  mcelin.g  of  tlic 
Brandi  was  held  Now  15  at  the  \\'hitc 
Oaks  Inn,  Tcmiskamiiig.  H.  .\.  Boo\'. 
Chairman  presided  and  20  members  and 
guests  were  presc'iit. 

'File  guest  speaker,  C.  M.  Waters,  was 
introduced  !)>•  N.  Burke.  Mr.  Waters, 
who  graduated  as  a ehemie.il  engineer 
Irom  1 ,a  Crosse  .Stale  College,  Wis.,  is 
Boston  Dislrii't  M.m.i.ger  ol  the  Oie.dite 
Dis  ision  ol  the  Cre.it  I .aki-s  Carbon  Cor- 
])oratiou.  II is  topie  w.is  "Filtr.itiou". 

The  speaker  expkiiueil  th,il  in  ,1  filtra- 
tion proeess  where  suspended  solids  .ire 
to  b('  reniox'ed  Irom  a liipiid  it  i''  neies- 
sar\’  to  use  ,i  filler  ,iiil  in  order  to  ]ire\ent 
! the  p.irlieles  Irom  m.illing  on  the  screen 
and  restrieting  the  How.  The  filler  .lid 
is  niived  with  the  liipiid  to  be  filtered 
[ and  ni.iintains  jiorosily  on  the  filler 
si-reen. 

((  'iin/iniii'd  (III  pilgt'  ■ 
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HEAT  TRANSFER  ENGINEERING  of... 
STANDARD  AND  CUSTOM  BUILT  EQUIPMENT 


Library  Notes 


Prepared  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 


“ceramics. 

Following  a preliminary  review  of  the 
history,  raw  materials,  and  basic  chemis- 
try of  ceramics,  the  application  of 
ceramic  materials  in  industry  is  dis- 
cussed. Specifically  the  use  of  ceramics 
in  electronics,  dentistry,  high  tempera- 
ture refractories,  low  temperature 
enamels,  abrasives,  and  cermets  is 
covered.  Particular  attention  is  given  to 
recent  developments.  (P.  W.  Lee.  New 
York,  Reinhold,  1961.  210  p.,  $5.95.) 

MAGNETIC  CONTROL  OF  INDUSTRIAL 
MOTORS. 

PART  1 A-c  control  devices  and 

assemblies 

PART  2 A-c  motor  controllers 
PART  ,3  A-c  motor  controllers 

Industrial  type  a-c  and  d-c  motors  are 
carefully  analysed  in  conjunction  with 
their  associated  controllers.  Motor  per- 
formance data  for  the  a-c  squirrel-cage, 
wound-rotor,  and  synchronous  motors 
are  presented,  as  well  as  data  on  d-c 
series  and  .shunt  motors.  Principal  cir- 
cuits, selection  of  controller  sizes  and 
components,  economic  factors  affecting 
controller  selection,  motor  protection,  and 
existing  safety  codes  and  standards  are 
given  complete  coverage.  (G.  W.  Heu- 
mann.  New  York,  Wiley,  1961.  .3  vols., 
$27.00.) 

“iterative  ARRAYS  OF  LOGICAL  CIRCUITS. 

The  properties  of  the  various  classes 
of  iterative  systems  and  the  various  tests 
that  are  available  for  answering  simple 
questions  about  them  are  developed  in 
a logical  fashion.  It  is  shown  that  there 
are  no  general  procedures  for  answering 
most  of  the  basic  questions  about  iter- 
ative networks.  The  techniques  that  are 
presently  used  for  designing  and  sim- 
plifying sequential  switching  circuits  are 
then  extended  to  various  types  of  iterative 
networks.  (F.  C.  Hennie.  New  York, 
Wiley,  1961.  242p.,  $4.95.) 

ELEMENTARY  CHEMICAL  THERMO- 
DYNAMICS. 

Intended  for  students  taking  a first 
course,  this  study  of  thermodynamic 


functions  emphasizes  their  meaning  and 
use  in  chemistry,  and  shows  the  applica- 
tions of  the  first  two  laws  of  thermo- 
dynamics. (G.  Hargreaves.  Toronto,  But- 
terworth,  1961.  120p.,  $2.00.) 


DICTIONNAIRE  DE  METALLURGIE. 

A dictionary  of  terms  used  in  metal- 
lurgy in  general,  and  foundry  work  in 
particular,  this  volume  contains  lengthy 
definitions  and  descriptions  of  over  700 
terms  and  processes.  Many  diagrams  and 
tables  are  also  included.  The  English 
equivalent  of  each  terms  is  given,  and 
there  is  also  an  index  of  the  English 
terms  included.  The  authors  of  this  most 
useful  dictionary  are,  respectively,  a chief 
metallurgist  and  the  operator  of  a foun- 
dry. (O.  Bader  and  M.  Theret.  Paris, 
Eyrolles,  1961.  701p.,  70  NF.) 


STAHLBETON-RIPPENDECKEN. 

The  third  in  a series  of  worked  ex- 
amples of  the  design  of  reinforced  con- 
crete. The  five  examples  in  this  book 
are  concerned  with  ribbed  ceilings.  The 
method  of  design  is  given,  and  calcu- 
lations for  the  example  are  shown. 
(Adolf  Kleinlogel.  Berlin,  Ernst,  1960. 
52p.,  14  DM.) 


INDUSTRIAL  WATER  TREATMENT  PRACTICE. 

Prepared  originally  by  the  company 
for  circulation  within  Imperial  Ghemical 
Industries,  this  text  has  been  brought 
up-to-date  and  modified  for  publication. 
It  is  concerned  with  water  treatment  for 
use  in  steam  generation  and  as  cooling 


THE  ENGINEERING 
INSTITUTE  LIBRARY 

The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library,  and  may  be  borrowed 
by  members  of  the  Institute.  Two 
items  may  be  borrowed  at  one 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.m.;  Saturdays: 
9 a.m.  to  12  noon.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mansfield 
Street,  Montreal. 


water,  but  much  of  the  information  is 
applicable  for  other  industrial  uses.  The 
topics  covered  include:  impurities  in 
water  and  their  effects;  precipitation  pro- 
cesses in  water  treatment;  evaporation; 
boiler  systems,  scales  and  deposits  and 
corrosion;  boiler  feed-water  treatment; 
treatment  for  stationary,  locomotive  and 
marine  boilers;  cooling-water  treatment; 
control  of  organic  growths;  clarification 
and  colour  removal.  A twenty-page 
bibliography  is  included.  (Ed.  by  P. 
Hamer  and  others.  Toronto,  Butter- 
worths,  1961.  514p.,  $16.50.) 


A SOCIAL  HISTORY  OF  ENGINEERING. 

This  is  a history  of  technological  de- 
velopments, particularly  in  Britain,  show- 
ing how  they  have  affected  and  been 
affected  by  social  life,  and  indicating 
the  origins  of  some  innovations  and  in- 
stitutions. 

The  author  commences  his  history 
with  the  contributions  of  the  Greeks 
and  Romans,  and  takes  it  to  the  present, 
discussing  in  a final  chapter  some  of 
the  problems  faced  by  society,  problems 
for  which  engineers  must  help  find  the 
solution.  Throughout  the  book,  the  work 
and  contributions  of  individuals  have 
been  emphasized,  as  well  as  the  impor- 
tant part  played  in  the  past  by  the 
amateur  man  of  science.  This  is  an 
absorbing  history,  and  a lengthy  bibli- 
ography is  included  for  those  who  wish 
to  pursue  the  subject  further.  (W.  H.  G. 
Armytage.  Toronto,  British  Book  Service, 
1961.  378p.,  $9.50.) 


AUDIO  FREQUENCY  ENGINEERING. 

Intended  for  those  with  a knowledge 
of  electricity,  who  wish  to  speciaUze  in 
the  field  of  electroacoustics,  this  text 
assumes  a knowledge  of  electrical  mea- 
surements, thermionic  and  transistor  am- 
plifiers and  four-terminal  network  theory. 
The  emphasis  throughout  is  on  funda- 
mental theory,  and  the  topics  covered 
include  the  mathematics  of  sound,  the 
propagation  of  acoustic  waves,  the 
sources  of  sound,  and  the  mechanisms 
of  hearing  and  speech.  The  remaining 
chapters  discuss  architectural  acoustics, 
microphones,  receivers,  magnetic  and 
disc  recording,  and  film  recording  and 
reproduction.  (E.  H.  Jones.  Toronto, 
Glarke,  Irwin,  1961.  245p.,  $7.75.) 
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WATER  POWER  DEVELOPMENTS  VOL  2 
HIGH-HEAD  POWER  PLANTS. 

Although  based  on  the  original  Hun- 
garian edition,  this  English  edition  has 
been  considerably  enlarged,  to  include 
more  information  on  high-head  power 
plants,  which  are  rarely  found  in 
Hungary,  surge  tanks,  pumped  storage 
and  underground  power  stations. 

The  first  section  of  the  book  covers 
high-head  power  plants,  under  the  head- 
ings: characteristic  features  and  main 
types;  free-flow  conduits;  pressure  tun- 
nels, including  surge  tanks;  penstocks  and 
penstock  equipment;  power  house  de- 
sign; developments  with  concentrated 
fall;  hydraulic  machinery  and  electrical 
equipment. 

The  second  section  of  the  book  covers 
midget  power  plants,  both  those  with 
water  wheels  and  those  with  turbines. 
The  last  section  considers  pumped  stor- 
age developments,  their  general  arrange- 
ment, mechanical  equipment  and  operat- 
ing conditions. 

The  book  includes  many  diagrams  and 
illustrations  of  actual  installations,  both 
in  Europe  and  on  this  continent.  There 
is  a useful  bibliography  of  thirteen  pages. 

Tlie  first  volume,  published  in  1957, 
dealt  with  low-head  power  plants,  and 
a third  volume  will  cover  river  barrages, 
including  high  dams,  steel  structures 
and  mechanical  equipment  and  opera- 
tion and  maintenance,  and  also  the  eco- 
nomic aspects  of  hydro  power.  This  will 
be  a most  valuable  series.  (Emil  Mosonyi. 
Budapest,  Hungarian  Academy  of 
Sciences,  Toronto,  Pannonia,  1960. 
1139p.,  $23.00.) 

MARINAS:  RECOMMENDATIONS  FOR 
DESIGN,  CONSTRUCTION  AND 

MAINTENANCE,  2nd  ed. 

The  boom  in  boating  in  recent  years 
has  greatly  increased  the  need  for  the 
services  provided  by  marinas.  This  vol- 
ume covers  virtually  all  aspects  of  the 
construction  and  operation  of  marinas, 
including  site  investigation,  design,  tim- 
ber piles,  the  use  of  concrete,  steel  and 
otlier  materials,  bulkhead  walls,  dredging, 
pile  driving,  floating  equipment,  boat 
handling  equipment,  fire  prevention, 
water  and  sewage,  fuel  supply,  ground 
development,  construction  costs,  main- 
teiiaucc  and  operational  costs.  (C.  A. 
Chancy.  New  York,  National  Assoc,  of 
Engine  and  Boat  Mfrs.,  1961.  247p., 
$7.50.) 

"large  PLASTIC  DEFORMATION  OF  METALS 
AT  HIGH  PRESSURES. 

A translation  of  a Bussian  work,  this 
monograph  survi'ys  and  anali/.es  the  re- 
sults of  resi'arch  on  plastic  di'formation 
ol  nu'tals  at  high  pressures.  It  discusses 
(he  influence  of  hydrostatic  pressure  on 
plasticity  of  metals,  tlu'  conditions  of 
metal  How  from  the  matrix  eye  duriug 
extrusion  by  a high-iiressure  fluid,  the 
nu'chanical  properties  of  metals  ex- 
triuhnl  by  a high  pressuri'  lluid,  and  tlu' 
technological  possibilities  of  I'xtruding 
articles  from  metals  by  a high-pn'ssuri' 
lluid.  (B.  I.  Beri'snev  and  others.  West 
Newton,  h'iiialman,  1960.  36p.  mimeog., 
$6.00,  no.  B-bSl.) 


“introduction  to  engineering 

MECHANICS. 

The  fundamentals  of  mechanics  are 
emphasized  in  this  work  which  differs 
from  similar  texts  in  its  selection  and 
sequence  of  topics.  The  author  has 
divided  the  subject  on  the  basis  of 
particles,  rigid  bodies,  and  deformable 
bodies,  as  opposed  to  the  traditional 
separation  of  statics  and  dynamics  that 
makes  little  mention  of  deformable 
bodies.  In  addition  a general  vector 
algebra  is  developed  and  vector  nota- 
tion is  used  freely  for  those  parts  of  the 
theory  in  which  such  notation  seems  ad- 
vantageous. (J.  V.  Huddleston.  Reading, 
Addison-Wesley,  1961.  493p.,  $9.75.) 

BIOGRAPHY  OF  PHYSICS. 

This  history  combines  the  facts  and 
theories  of  physics  with  the  biographies 
of  the  men  responsible  for  their  dis- 
covery. Each  of  the  eight  chapters  cen- 
ters about  one  or  two  great  figures,  with 
the  other  physicists  of  that  era  and  their 
contributions  forming  a background. 
There  are  discussions  of  the  work  of 
Gahleo,  Newton,  Faraday,  Einstein, 
Bohr,  Rutherford,  Heisenberg,  and  per- 
sonal glimpses  of  them,  augmented  in  the 
case  of  twentieth  century  figures  by  the 
author’s  personal  recollections.  Included 
are  many  line  drawings  done  by  the 
author,  who  is  well  known  for  his  other 
histories  of  science.  (George  Gamow. 
Toronto,  Musson,  1961.  338p.,  $5.95.) 


“operational  ELECTRICITY. 

An  integrated  study  of  a-c  and  d-c 
circuits  and  machines,  in  which  direct 
current  is  treated  as  the  special  case 
of  alternating  current  at  a frequency  of 
zero  cycles  per  second.  The  electric  cir- 
cuit is  presented  for  the  general  case, 
and,  when  applicable,  the  discussions  in- 
clude the  zero-cycle  system.  Wherever 
possible,  the  author  has  injected  ap- 
plicable operating  techniques  in  addition 
to  treatments  of  the  parallel  operation 
of  generators,  the  selection  and  applica- 
tion of  motors  and  controls,  magnetic 
controllers  and  regulators.  (G.  I.  Hubert. 
New  York,  Wiley,  1961.  530p.,  $8.50.) 


“BRITISH  MINIATURE  ELECTRONIC 
COMPONENTS  AND  ASSEMBLIES  DATA 

ANNUAL,  1961-62. 

This  first  volume  in  an  annual  series 
contains  data  in  concise  form  on  a wide 
variety  of  miniature  components.  In  ad- 
dition to  technical  data  on  each  minia- 
ture component,  information  is  given  on 
the  effects  of  potting  resins,  nuclear 
radiation,  temperature  overload,  vibra- 
tion, etc.  Gomponents  included  range  in 
size  up  to  about  one  cubic  inch.  Only 
those  components  manufactured  or  as- 
sembled in  the  United  Kingdom  are  in- 
cluded. (G.  W.  A.  Dummer  and  J.  M. 
Robertson,  eds.  New  York,  Pergamon, 
1961.  479p.,  $15.00.) 

(Coiitimiecl  on  page  98) 


DREDGING  AND  MARINE  CONSTRUCTION. 


“THE  RIGHT  TYPE  OF  EQUIPMENT  FOR  ANY  DREDGING  JOB" 

DRIOOINO  • DOCK  AND  RRIAKWATIR  CONSTRUCTION 
DERRICKS  • HYDRAULIC,  DIPPER  AND  CLAMSHELL  DREDGES 
• SAROES,  SCOWS,  DRILL  lOATS  AND  TUGS 

PLANT  AND  MACHINE  SHOP:  DARTMOUTH,  N.S. 

BRANCH  OFFICES:  HAMILTON  AND  FORT  WILLIAM 

HEAD  OEFICEi  ROA  DOMINION  SQUARE  RLDG.,  MONTREAL  • m.  UNIvartUy  A-RSK 
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Employment  Service 

THE  ENGINEERING  INSTITUTE  OF  CANADA 

This  service  is  operated  for  the  benefit  of  members  of  the  Engineering 
Institute  of  Canada  and  for  organizations  employing  engineers. 


SITUATIONS  WANTED 

Advertisements  are  inserted  free  of  charge  for  members  of  all  classes.  Maximum 
length  is  60  words,  and  repeat  insertions  must  be  separotely  requested  in  writing 
for  each  desired  appearance. 

SITUATIONS  VACANT 

Rate:  Six  dollars  per  calumn-half-inch  per  insertion. 

Replies  to  advertisements  should  be  addressed  to  the  file  number.  Employment 
Service,  2050  Mansfield  Street,  Montreal.  Interviews  with  the  Employment  Service 
may  be  arranged  by  calling  VI  2-8121  at  the  above  address. 


SITUATIONS  WANTED 

ELECTRICAL  ENGINEER,  M.E.I.C.,  Age 
35,  graduate  1950.  Sound  knowledge  of 
general  electrical  controls,  heavy  electrical 
machinery,  plant  power  distribution, 
pneumatic  and  electronic  process  instru- 
mentation, plant  services  equipment,  ad- 
ministration of  project  engineering,  con- 
struction and  maintenance.  Desires 
responsible  senior  position  requiring  a 
matured  man  with  diversified  experience. 
Will  consider  any  location.  File  No. 
5962-W. 

MECHANICAL  ENGINEER  1954.  M.E.I.C., 
desires  responsible  position  in  Montreal  or 
its  vicinity.  Experience  includes  over  7 
years  in  the  Engineering  and  Maintenance 
Departments  of  Pulp  & Paper  Mill.  File 
No.  6394-W. 

Graduated  University  of  Toronto  in  Civil 
Eng.  1960.  Research  Assistant  at  Univer- 
sity of  Illinois  from  September  1960  to 
February  1962,  working  on  Prestressed 
Concrete  project.  Receiving  M.S.  in  Struc- 
tural Engineering  February  1962.  Married, 
Age  24  yrs.  One  child.  Willing  to  work  in 
any  part  of  Canada,  preferably  in  the 
consulting  field.  File  No.  6397-W. 

MECHANICAL  ENGINEER,  A.M.I. 
MECH.E;  M.E.I.C.  Age  33,  Married.  Nine 
years  construction  experience  in  Britain 
and  Far  East  as  Project  Engineer  and 
Supervisor,  two  years  in  Canada  as  Me- 
chanical Engineer  on  large  contract. 
Specialized  in  Mechanical  Structures,  etc., 
seeks  permanent  position  as  Plant  Engi- 
neer or  similar  in  Eastern  Canada  or 
Central  Canada.  Would  also  be  interested 
in  consulting.  File  No.  6428-W. 

CHEMICAL  ENGINEER,  M.E.I.C.,  P.Eng., 
(Que.),  B.Eng.  McGill  1950,  age  41,  two 
children,  11  years  experience  in  the  gas 
industry  including  quality  control,  main- 
tenance, manufacturing  and  more  recently 
natural  gas  measurement  and  dispatching, 
seeks  interesting  and  challenging  position 
in  the  gas  measurement  field.  Available 
1 month  notice.  Located  Central  Canada. 
File  No.  6432-W. 


CIVIL  ENGINEER,  A.M.E.I.C.,  B.E.  Sask. 
1961,  Age  24,  Married.  Presently  employed 
in  the  municipal  field  with  a consulting 
firm.  Summer  experience  in  concrete  con- 
struction. Would  like  a position  in  struc- 
tural design  and  sales.  Presently  located 
in  Prairie  province,  but  available  on  one 
month’s  notice  in  Canada  or  abroad.  File 
No.  6433-W. 


SENIOR  ENGINEER,  M.E.I.C.,  P.Eng. 
(Quebec),  B.A.Sc.,  University  of  Toronto 
1922,  has  varied  engineering  experience; 
industrial  instruction,  teaching  experience; 
surveying,  designer-draughtsman,  tool  en- 
gineering, structural  steel,  reinforced  con- 
crete experience;  accomplished  recent 
post-graduate  studies; — Physics,  Mathe- 
matics. Ethics,  Philosophy  of  Education, 
Education,  Electricity,  Automotives.  In- 
terested in  inspection,  research.  Industrial 
Psychology,  safety  engineering.  College 
or  University  staff  position.  Hold  C.W.B. 
diploma,  teaching  certificate.  File  No. 
6439-W. 

CIVIL  ENGINEER,  A.M.E.I.C.,  P.Eng.  in 
Quebec,  23,  graduate  of  McGill  ’61,  single, 
some  experience  in  railway  and  pipeline 
construction  and  supervision.  Would  pre- 
fer position  in  construction  field,  but 
would  accept  any  favourable  position. 
File  No.  6440-W. 

PROFESSIONAL  ENGINEER,  Que.  B.Sc.A. 
’57,  Business  Administration  A.H.I.  (N.Y.), 
fully  bilingual,  age  29.  Undergraduate  ex- 
perience in  forestry  and  mining.  Graduate 
experience  all  with  a multi-plants  chemi- 
cal, extractive  and  physical  metallurgical 
concern  where  one  year  was  spent  in 
process  development  and  four  years  as 
plant  maintenance  engineer  including 
successive  one  year  stages  in  different 
plants.  Seek  responsible  position  with  in- 
dustrial or  consulting  firm.  Present  salary 
$600.  File  No.  6441-W. 

SENIOR  EXECUTIVE  POSITION  under 
coherent  and  far-sighted  management,  by 
graduate  British  engineer,  age  51,  M.E.I.C., 
P.Eng.,  30  years’  experience  in  England, 
Latin  America  and  Canada,  in  engineering 
sales  of  heavy  electrical  equipment  of  all 
kinds  and  all  types  of  thermal  prime- 
mover;  available  January  1,  1962.  File  No. 
6442-W. 

TRAFFIC  AND  HIGHWAY  ENGINEER, 

A.M.E.I.C.,  B.Sc.  (Western  ’60 — Civil),  com- 
pleting M.S,  (Queen’s)  in  spring  of  1962. 
Age  24,  married.  Desires  position  which 
will  offer  wide  experience  in  the  highway, 
field.  Any  location  will  be  considered. 
Available  for  employment  July  1962.  Full 
resume  on  request.  File  No.  6443-W. 

MECHANICAL  ENGINEER,  M.E.I.C., 
P.Eng.,  Age  41,  Graduate  1950,  U.  of  S. 
Married  with  family.  10  years’  experience 
in  Manufacturing  Engineering  and  Assem- 
bly Operations  the  past  six  years  in  the 
Automotive  Industry.  Desires  a responsible 
challenging  position.  Location  preferred 
Southern  Ontario,  but  will  relocate.  File 
No.  6444-W. 


Production  Control  — Mechanical  En- 
gineer, A. M.E.I.C.,  P.Eng.,  with  Master  of 
Business  Administration  majoring  in  pro- 
duction and  marketing.  Age  28,  with  four 
years’  experience  in  production,  design 
and  industrial  engineering.  Desires  posi- 
tion with  opportunities  leading  to  general 
management  responsibilities  in  a small  to 
medium  sized  company.  References  avail- 
able on  request.  File  No.  6445-W. 

ELECTRICAL  ENGINEER,  B.Sc.  (E.E.) 
1950,  P.Eng.,  M.E,I.C.,  two  years’  post- 
graduate training  in  electrical  industry, 
married,  age  33,  presently  employed  as  a 
Marketing  Supervisor,  desires  managerial 
post.  Has  fundamental  experience  in  En- 
gineering, Manufacturing,  Marketing,  Field 
Sales  and  Service,  Most  depth  in  product 
promotion,  catalogues,  estimating  and 
pricing,  market  forecasts,  statistics,  de- 
partmental budgets  and  cost  analysis. 
File  No.  6446-W. 


SENIOR  MANAGEMENT  ENGINEER, 

P.Eng.  (Ont.)  M.E.I.C.;  A.I.I.E.,  age  50, 
30  years’  diversified  experience  10  years 
in  Canada,  wants  tougher  assignment, 
where  results,  rather  than  birth  data  and 
conformity  count.  Analytical  mind,  inno- 
vator, drive;  successful  director  etc.  Opti- 
mist Club;  A-1  health;  min.  salary  $12,000. 
File  No.  6447-W. 


SITUATIONS  VACANT 
CHEMICAL 

CHEMICAL  ENGINEER  — Five  years’  ex- 
perience in  the  development  of  industrial 
processes.  Sound  background  in  physical 
chemistry  and  chemical  engineering  prin- 
ciples. Ability  and  training  is  more  im- 
portant than  specific  experience.  Opening 
is  for  process  development  work  with 
progressive  consulting  group  located  in 
Toronto.  File  No.  7391-V. 


CIVIL 

PLANT  ENGINEER  is  required  by  a pro- 
gressive, expanding  prestressed  concrete 
manufacturer,  located  in  Western  Ontario. 
A degree  in  Civil  or  Structural  engineer- 
ing is  essential  and  some  field  experience 
in  reinformed  and/or  prestressed  concrete 
is  desirable.  File  7388-V. 


MECHANICAL 

MECHANICAL  ENGINEER,  Heating,  ven- 
tilating and  air  conditioning  work  for  a 
consulting  engineer.  Minimum  two  years 
of  design  experience  with  outstanding 
technical  ability  and  partnership  poten- 
tiality. Location  Winnipeg.  File  No.  7387-V. 

MECHANICAL  ENGINEER  (Bilingual) 
ventilation,  refrigeration  experience.  To 
service  as  product  application  specialist 
in  covering  consulting  engineers  (Montreal 
Area)  for  Sturtevant  Division  of  this  Com- 
pany. Progressive  Salary  plan.  Excellent 
medical  and  pension  plan.  All  replies  held 
in  strict  confidence.  Applications  in  writ- 
ing only  to  Canadian  Westinghouse  Co., 
Ltd.,  Attention  E.  Dineen,  415  Craig  St. 
West,  Montreal,  Que.  File  No.  7397-V. 
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(Continued  from  page  91) 

Diatomaceous  earth  was  considered  as 
a filter  aid.  It  is  found  in  large  deposits 
on  dried  up  lake  beds  or  salt  water  basins 
and  is  the  accumulation  of  skeletons  of 
microscopic  aquatic  plant  life  known  as 
diatoms.  Diatoms  extract  silica  from  water 
and  form  a minute  skeleton  of  inert  ma- 
terial. 

Mined  by  the  open  pit  process,  and 
deposits  of  diatomaceous  earth  may  be 
1,.500  ft.  deep.  Slides  were  used  to  illus- 
trate the  mining  and  processing  of  this 
material. 

A filtration  process  using  diatomaceous 
earth  as  a filter  aid  was  installed  at  the 
Kipawa  Mill  of  the  Canadian  Interna- 
tional Paper  Company  where  photo- 
graphic paper  is  made.  For  this  reason 
i all  traces  of  radioactive  particles  from 
' the  water  must  be  removed  or  the  emul- 
sion will  be  full  of  black  specks.  Traces 
of  radioactive  metals  and  sand  dust  re- 
sulting from  nuclear  blasts  in  the  air  and 
I on  the  ground  have  been  found  in  the 
water,  which  when  filtered  loses  the  po- 
' tentially  damaging  materials. 

Mr.  Waters  was  thanked  by  J.  W. 

I Millar,  m.e.i.c.,  of  North  Bay. 

^ Members  from  Temiskaming,  Que., 
I and  Sturgeon  Falls,  Ont.,  were  present 
1 at  the  monthly  dinner  meeting  of  the 
Branch  held  at  the  Golden  Dragon  Res- 
taurant in  North  Bay.  Chairman  R.  A. 
Booy  presided. 

i Tlie  guest  speaker,  H.  R.  Neifert, 

( Chief  Engineer,  Physical  Laboratories, 

Î Timkin  Roller  Bearing  Co.,  Canton, 

] Ohio,  was  introduced  by  Mr.  Cooper, 
j Mr.  Neifert’s  topic  was  Improving 
j Fatigue  Resistance  with  Residual 
Stresses.  He  explained,  with  the  assist- 
I ancc  of  slides,  the  different  methods  of 
I increasing  the  fatigue  resistance  of  metal 
I in  axles  and  .shafting  to  improve  service 
j life  which  is  .so  important  in  en.suring 
tr()ul)le-free  operation  with  a minimum 
I of  maintenance. 

The.sc  methods  are  by  geometrical 
change  of  shape,  mechanical  prestress- 
j ing  .such  as  surface  rolling  and  thermal 
j treatment  which  includes  quenching 
' from  temperatures  below  the  critical 
I level.  Slide  graphs  clearly  illu.stratc'd 
the  pronounced  increa.se  in  fatigue  re- 
sistance possible  by  the  above  methods. 

'file  .speaker  was  preceded  by  a sound 
him  depicting  roller  bearing  inanufae- 
luring  at  his  plant.  A lively  discussion 
l)eiiod  followed  Mr.  Neifert’s  talk,  after 
' wliit  li  1k‘  was  thanked  by  R.  T.  Williams. 

! Oakville 

A.  A.  Swiniicrton,  m.e.i.c. 

I’rolessor  H.  Ktkin  of  the  University  of 
Toronto's  Institute  of  Aerophysics  was 
‘ guest  speaker  at  the  Branch’s  December 
h meeting.  Prof.  Etkin,  dealing  with  the 
i entry  ol  manned  vehieh'S  into  irlaiu'tary 
atmosi)lier(',  said  the  three  main  prob- 
I lems  are  the  (U'ceh'ralion  of  the  vehii'h', 
' dissipation  of  ht'at  generated  by  friction 
1 with  the  atmospheri',  and  iiroteetion  ol 
l>ersomi('l. 

The  mathematical  analysis  of  the 
I'liysical  ((uantities  involved  was  de- 
monstrated. Prof.  Etkin  indieati'd  that 
■I  certain  amount  of  navigation  would 
I be  re(inired  ol  tin'  pc'rsounel  to  reach 


the  corridor  of  approach.  Also  discussed 
was  the  use  of  satellites  for  radio  trans- 
mission and  for  assistance  in  weather 
prediction.  Prof.  Etkin  illustrated  his  talk 
with  slides  and  diagrams. 

During  the  business  meeting  nomina- 
tions were  held  for  the  Executive  Com- 
mittee and  auditor  for  the  Treasurer’s 
report  was  appointed. 

Peterborough 

R.  C.  Johnston,  jr.e.i.c. 

Correspondent 

Dr.  Vincent  Bladen,  Dean  of  Arts  and 
Sciences  at  the  University  of  Toronto, 
addressed  the  November  28  meeting  of 


the  branch.  Dr.  Bladen  discussed  some 
aspects  of  the  economics  of  higher  edu- 
cation. 

The  economic  wealth  of  a country  is 
directly  related  to  the  level  of  educa- 
tion attained  by  its  people,  and  as  a 
society  increases  in  complexity,  it  be- 
comes more  dependent  on  the  trained 
specialists.  The  benefits  from  a higher 
educational  system  would  extend  to  all 
levels  of  a society.  Education  can  and 
.should  be  considered  as  a durable  con- 
.sumer  good,  with  the  supply  falling 
behind  the  available  market.  Since  edu- 
cation develops  a fuller  man  and  a richer 
life,  it  is  sought  by  the  individual  from  a 
(Continued  on  page  97) 


Are  You  Responsible 
for  Specifying  or  Selecting 

this  Equipment? 


CENTRAL  STATION  HEATING  AND 
VENTILATING  UNITS 

CENTRAL  STATION  AIR 


□ VENTILATING  UNITS 
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□ STEAM  AND  HOT  Vi/ATER  UNIT 
HEATERS 

I I POWER  ROOF  VENTILATORS 
I I CENTRIFUGAL  FANS 
I I INDUSTRIAL  AXIAL  FANS 
□ PROPELLER  FANS 


Then  you  should  know  how  AMCA  makes  your  job  easier. 
By  establishing  standard  test  codes  for  rating  the  per- 
formance of  air  moving  and  conditioning  equipment.  By 
developing  standards  and  recommended  practices  for 
the  industry.  By  collecting  and  disseminating  informa- 
tion of  value  to  engineers  and  owners.  These  are  just  a 
few  of  the  many  ways  AMCA  helps  you  specify  or  select 
air  moving  and  conditioning  equipment  that  will  do 
what  you  expect  it  to  do. 
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AMCA’s  services,  functions  and  activi- 
ties are  fully  described  in  "THE  AMCA 
STORY".  Write  (or  your  copy:  Air 
Moving  and  Conditioning  Association, 
P.  0.  Box  550,  Windsor,  Ontario. 


OVER  70  LEAOINC  MANUFACTURERS  OF  AIR  MOVING  AND  CONDITIONING  EQUIPMENT  ARE  MEMBERS  OF  AMCA 
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Business  and  Industrial  Briefs 


R.  J.  Barrett,  President  of  Dominion 
Engineering  Works  Ltd.,  has  announced 
the  appointment  of  K.  S.  Barclay  as 
secretary-treasurer.  Mr.  Barclay  previ- 
ously held  the  offices  of  secretary  and 
assistant  treasurer. 

Dow  Chemical  of  Canada,  Ltd.  recently 
announced  the  appointment  of  J.  M. 
Hacking  to  assistant  vice  president.  Mr. 
Hacking  will  be  responsible  for  the 
Company’s  public  relations,  and  will 
also  continue  his  present  liaison  work 
with  tlie  various  branches  of  the  Fed- 
eral and  Provincial  Governments.  He  is 
a graduate  in  Chemical  Engineering 
from  the  University  of  Toronto  and  has 
been  with  Dow  Chemical  since  the  for- 
mation of  the  Canadian  Company  in 
1942. 

E.  L.  Hartley,  president  of  Dominion 
Structural  Steel  Ltd.,  recently  an- 
nounced the  appointment  of  G.  J.  Jack- 


Appointments  and  Transfers 

son  as  District  Manager  of  the  Com- 
pany’s Toronto  operations.  Mr.  Jackson 
was  formerly  Sales  Manager  of  the 
Toronto  Plant. 

Montreal  Locomotive  Works,  Ltd.,  re- 
cently announced  the  appointment  of 
John  J.  Norris  as  vice-president.  In  ad- 
dition to  his  new  duties  Mr.  Norris  will 
continue  to  serve  as  comptroller  and 
treasurer. 

The  appointment  of  I.  B.  Blanchard  as 
chief  engineer  has  been  announced  by 
Du  Pont  of  Canada  Ltd.  A.  L.  Barry, 
formerly  production  manager  in  the 
films  department,  succeeds  Mr.  Blan- 
chard as  production  manager  in  the 
te.xtile  fibres  department. 

F.  Perry  Wilson  has  been  appointed 
vice-president  of  Union  Carbide  Inter- 
national Company  in  New  York.  Mr. 
Wilson  has  been  executive  vice-president 
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of  Union  Carbide  Canada  Ltd.  since  ik 
April,  1959.  Si 

Sifto  Salt  Ltd.  has  announced  the  ap-  ^ 
pointment  of  N.  F.  Kalin  as  Maritime 
District  sales  manager  replacing  G.  W. 
Kerman  who  has  been  transferred  to 
Central  District  as  sales  manager.  Mr.  ' 
Kalin  is  a graduate  in  Chemical  Engi-  ^ 
neering  from  the  University  of  Saskat-  * 
chewan.  He  joined  Sifto  Salt  13  years 
ago.  i 

Frank  J.  Dobson,  construction  manager  |l 
of  Ontario  Hydro’s  $250  million  Lake- 
view  thermal-electric  development,  has 
been  named  chief  executive  of  the  new 
Volta  River  Power  Authority  by  Ghana 
president  Kwame  Nkrumah.  Mr.  Dob- 
son will  be  on  loan  from  Hydro  until 
the  project  is  finished  probably  in  four 
or  five  years. 

Dominion  Bridge  Company  Ltd.  has  an- 
nounced the  appointment  of  Lazarus 
Phillips  to  the  Board  of  Directors. 


Developments 

Information  contained  in  this  section  has  been  obtained  from  press  releases. 
Mention  of  products  and  services  does  not  imply  endorsement  by  the  Institute. 


ASBESTOS-CEMENT  pressure  and 
sewer  pipe,  manufactured  by  Atlas 
Asbestos  Co.  in  Montreal,  is  now  avail- 
able in  18-inch  diameter  in  addition  to 
four  inch  (in  the  case  of  sewer  pipe, 
six  inch)  up  to  16-inch  dimensions.  The 
18-inch  Tumall  pressure  pipe  is  sup- 
plied in  the  100-150-200  classes,  while 
the  same  diameter  of  sewer  pipe  is 
available  in  2400-3300-4000  and  5000 
classes. 

A NEW  STATIONARY  air  compressor 
in  the  350-400  hp.  range  has  been 
introduced  by  Atlas  Copco  Canada  Ltd. 
The  electrically  driven,  water  cooled 
ER8,  for  service  in  larger  industries  and 
mines,  is  more  compact,  lighter  and 
uses  less  power  than  other  compressors 
of  the  same  class.  These  features  are 
achieved  by  a short-stroke  design  which 
allows  higher  rotational  speeds  while 
maintaining  low  piston  speeds. 


CANADIAN  ALLIS-CHALMERS  LTD. 
has  announced  the  expansion  of  its  Hy- 
drocone crusher  line  with  the  addition 
of  a 45-inch  unit.  The  new  medium 
size  (33,300  lb.  5 ft.  8 in.  high)  unit  is 
ideally  suited  for  portable  crushing  plant 
service  as  well  as  permanent  installa- 
tions. 

AN  ORDER  for  16  mechanical-drive 
turbines  and  a large  3350  hp.  outdoor 
synchronous  motor  for  a refinery  near 
Adelaide,  Australia  has  been  received 
by  Canadian  Westinghouse  Co.  The 
order  is  the  third  received  by  the  Hamil- 
ton Company  in  recent  months  for 
equipment  for  Australian  refineries. 

UNION  CARBIDE  Canada  Ltd.,  an- 
nounced recently  that  60  Canadian  Uni- 
versity students  will  share  in  the  Com- 
pany’s $150,000  scholarship  program 
this  year.  Each  scholarship  is  valued  at 


$2,500,  with  the  student  receiving  $700 
for  the  first  year,  and  $600  a year  for 
the  following  three  years  of  his  academic 
studies.  Nineteen  universities  participate 
in  the  program.  In  addition  to  the  60 
scholarships,  the  Company  also  makes 
available  four  $2,000-a-year  post-grad- 
uate research  fellowships,  two  at  the 
University  of  Toronto,  and  two  at  Mc- 
Gill University  in  Montreal. 

A HERMETIC  CENTRIFUGAL  UNIT 
called  the  60  series  Tonrac  has  been 
introduced  by  American-Standard  Prod- 
ucts (Canada)  Ltd.  The  result  of  a five- 
year  development  program,  this  machine 
features  reductions  in  size  and  weight 
over  conventional  equipment  and  is  now 
available  in  eight  size  increments  from 
50  to  110  tons  nominal  refrigeration 
capacity.  Intended  for  use  as  the  heart 

(Continued  on  page  104) 
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(Continued  from  page  95) 
subjective  viewpoint.  If  able  to  qualify, 
a man  should  avail  himself  to  this  richer 
life.  In  this  case,  what  is  good  for  the 
ndividual,  is  also  good  for  the  society. 
Dr.  Bladen  pointed  out  the  inadequate 
development  of  new  facilities  at  Cana- 
dian universities,  predicting  that  without 
major  .support  by  federal  and  provincial 
governments,  facilities  and  teachers 
would  be  unable  to  cope  with  the  flood 
of  students  by  1970.  Also  mentioned  was 
the  lack  of  support  for  deserving  stu- 
dents, not  only  at  the  university  level, 
but  also  in  high  schools. 

The  Branch’s  Engineering  Ball  will 
be  held  February  16.  On  March  28-29, 
the  Branch  is  holding  a major  exhibit  on 
atomic  energy  work  in  Canada  with 
the  cooperation  of  the  Atomic  Energy 
of  Canada  Limited,  and  Canadian  Gen- 
eral Electric.  Working  models  of  Cana- 
dian atomic  reactors  and  nuclear  power 
plants  will  be  displayed,  as  well  as 
Ï di.splays  of  components  and  equipment. 
Short  talks  and  films  will  also  be  fea- 
tured. The  sessions  will  be  open  to  the 
public,  with  scheduled  attendance  by 
schoolteachers  and  .students.  At  an  En- 
gineers’ dinner  March  28,  J.  L.  Gray, 
President  A.E.C.L.  will  be  guest  speaker. 
Guests  from  other  E.I.C.  Branches  will 
be  most  welcome. 

Sarnia 

Joseph  P.  Zanyk,  a.m.e.i.c. 

Correspondent 

G.  B.  MacCoy,  manager  of  engineering 


and  construction,  Dow  Chemical  of 
Canada  Ltd.,  was  the  featured  speaker  at 
the  Oct.  17  meeting.  In  his  address, 
entitled  “The  Dow  Steam  Generating 
Plant”,  the  speaker  outlined  the  designing 
and  construction  of  the  plant. 

When  first  put  into  operation  in 
September,  1960,  the  Plant  consisted  of 
two  Riley  stoker  “turbo”  boilers  each  of 
300,000  lb. /hr.  capacity  and  a water 
treatment  plant  which  is  one  of  the 
largest  in  Canada.  The  capacity  of  this 
plant  is  based  on  100%  make  up  to  the 
three  boilers  with  no  condensate  return. 
The  third  boiler  is  identical  to  the  other 
two.  Slides  were  used  by  the  speaker  to 
illu.strate  his  talk. 

H.  Page,  M.E.I.C.,  Branch  Chairman 
introduced  Mr.  MacCoy  who  was  thanked 
by  P.  Cochrane. 


Winnipeg 


P.  A.  Brett,  m.e.i.c. 

Correspondent 

A Branch  dinner  meeting  was  held  at 
the  Pembina  Hotel  Oct.  5.  After  dinner, 
three  members  associated  with  the  City 
of  Winnipeg  Hydro  Electric  System  dis- 
cussed the  City’s  new  Central  Control 
Station.  W.  E.  Tabbenor  gave  the  reasons 
for  the  site  location  and  gave  a detailed 
description  of  the  supervisory  control 
system.  W.  L.  Bunting  described  the 
physical  aspects  of  the  building  including 
lighting,  heating  and  construction 
materials.  The  background  and  history  of 
the  Winnipeg  Hydro  — Winnipeg  Electric 
relationship  which  contributed  towards 


the  decision  to  build  a central  control 
station  were  given  by  M.  Spigleman. 
After  the  discussion,  the  members  made 
a tour  of  the  station. 

The  CHALK  RIVER  BRANCH  has 
awarded  its  annual  prize  to  Brian  Mit- 
chell, Deep  River.  This  award  is  made 
to  the  Deep  River  High  School  Grade 
XHI  graduate  with  the  highest  standing 
of  those  entering  a university  engineering 
course.  The  prize,  ‘Eshbach’,  (engineering 
handbook),  was  presented  in  absentia 
during  the  school  commencement  exer- 
cises of  Nov.  17.  The  EASTERN  TOWN- 
SHIPS BRANCH  was  host  to  the  Presi- 
dent, Dr.  B.  G.  Ballard  and  Mrs.  Ballard, 
Oct.  27,  at  a dinner  dance  in  Sherbrooke 
which  was  attended  by  some  80  persons. 
The  MOOSE  JAW  BRANCH  held  a 
meeting  Oct.  25  at  which  films  covering 
the  blasting  of  Ripple  Rock  and  winter 
construction  were  shown.  A business 
meeting  and  social  evening  followed.  Dr. 
A.  Casagrande,  professor  of  soils  me- 
chanics and  consulting  engineer.  Harvard 
University,  was  guest  speaker  at  tire 
SASKATOON  BRANCH  meeting  of  Oct. 
18.  Prof.  Casagrande’s  speech  entitled 
‘Foundations  on  Soft  Soils’,  was  accom- 
panied by  slides.  He  described  some  of 
his  experiences  on  projects  in  which  soft 
soils  presented  complex  foundation  prob- 
lems. Recently  the  ST.  JOHN  BRANCH 
was  host  to  President  Dr.  B.  G.  Ballard. 
Members  of  this  Branch  returned  to  tire 
classroom  this  year  for  a series  of  non- 
technical lectures  as  part  of  a newly- 
(Continued  on  page  98) 
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launched  Professional  Development  Pro- 
gram. Subjects  being  offered  this  term 
are  public  speaking,  law,  and  industrial 
relations,  each  consisting  of  four  lectures. 

Toronto 

J.  D.  Palmer,  m.e.i.c. 

Correspondent 

Tlie  Canadian  Regional  Conference 
of  the  National  Association  of  Corrosion 
Engineers  was  held  January  17-19,  in 
the  King  Edward-Sheraton  Hotel. 

The  three-day  program  covered  a 
wide  rage  of  topics,  including  Non- 
Destructive  Testing,  Anodic  Protection, 
Corrosion  of  Domestic  Water  Heaters, 
and  Corrosion  Problems  in  the  Eertilizer 
Industry. 

Speakers  representing  many  industries 
presented  papers  detailing  their  experi- 
ence in  both  Canada  and  the  United 
States. 

Many  equipment  and  material  sup- 
pliers had  representatives  on  hand  to 
provide  literature  and  technical  informa- 
tion. An  informal  cocktail  hour  after 
each  day’s  technical  .session  permitted 
registrants  to  discuss  the  technical  topics 
and  meet  the  e.xpert  speakers  personally. 
The  sessions  were  open  to  anyone  in- 
terested in  corrosion  work. 

Vancouver  Island 

W.  Tivy,  M.E.I.C. 

Correspondent 

Thirty-two  members  of  the  Branch 


enjoyed  an  interesting  tour  December 
13  of  the  “City  of  Victoria”,  a ferry 
being  built  by  the  Victoria  Machinery 
Deport  for  the  British  Columbia  govern- 
ment. The  “City  of  Victoria”  will  join 
the  ferries  “Sidney”  and  “Tsawwassen” 
on  the  Victoria  to  Vancouver  run.  The 
new  ferry,  about  five  weeks  from  com- 
pletion at  the  time  of  the  tour,  is 
powered  by  four  1,700  hp.  diesel  en- 
gines and  will  be  driven  by  two  rear 
screws.  She  will  also  have  a 500  hp. 
electrically  driven  bow  propeller  to 
facilitate  docking. 

Officers  for  1962  were  elected  during 
the  November  15  meeting.  They  include: 
Chairman,  A.  R.  D.  Robertson;  Vice- 
Chairman,  P.  J.  Croft;  Secretary-Trea- 
surer, W.  Strok;  and  Executive  members 
R.  W.  Lockie  and  R.  E.  Johnson.  Execu- 
tive members  remaining  from  last  year 
are  J.  Hicks  and  M.  Zirel. 

Eollowing  considerable  discussion  it 
was  decided  not  to  discontinue  the 
Branch’s  annual  $100  scholarship.  It 
was  further  decided  to  establish  a schol- 
arship fund  through  raffles  which  will 
be  held  at  the  various  Branch  dinner 
meetings. 

A joint  meeting  with  A.P.E.B.C.  was 
held  November  21.  Guest  speaker  was 
Professor  E.  A.  Forward. 


(Continued  from  page  91) 

*FLOW  OF  FLUIDS  THROUGH  POROUS 
MATERIALS. 

Primarily  directed  to  petroleum  engi- 
neers, this  work  provides  a unified  treat- 
ment of  all  aspects  of  all  types  of  flow. 

It  begins  with  an  extensive  treatment 
of  the  physical  properties  of  porous  ma- 
terials. The  theory  of  various  types  of 
flow  is  then  developed,  and  various  ap- 
plications of  the  theory  are  presented.  || 
New  and  unpublished  results  are  in- 
eluded  on  porosity  and  permeability  dis-  i| 
tribution  in  sedimentary  rocks,  and  on  jl 
the  calculations  of  water  sweep  pat-  j| 
terns.  (R.  E.  Collins.  New  York,  Rein-  | 
hold,  1961.  270p.,  $12.50.)  j| 

INVESTIGATION  OF  THE  ACCURACY  AND  || 

INTERFERENCE-IMMUNITY  OF  PHASE  j ij 

RADIO-DIRECTION  FINDERS.  I f 

Comprising  four  papers  translated  'j 
from  the  Russian,  this  text  covers  re-  d' 
search  on  radio  direction-finding  con-  n 
ducted  at  the  Moscow  Aviation  Institute.  |i 
The  papers  deal  with  apparatus  errors  j 
in  a two-channel  pulse  scheme,  the  effect  ' 
of  Gaussian  interference;  the  influence 
of  fluctuations  in  the  amplitude  of  the  1 
reflected  signal;  apparatus  errors  in  i ' 
automatic  shortwave  radio  direction 
finders.  (V.  B.  Pestriakov,  ed.  West  fj 
Newton,  Mass.,  Friedman,  1961.  82p.,  t 
mimeog.,  $7.50.  no.  P-164.)  | 

f 
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But  roots  from  your  favorite  shade  tree  plugged  the 
house  drains  tight ...  so  it's  bath  in  the  kitchen  tonight! 
Filling  that  tub  was  just  the  beginning  of  your  problem. 
With  the  drain  line  being  dug  up,  a costly  proposition, 
it's  out  the  back  door  and  down  the  back  steps  for  that 
tub  of  v/aterl  If  your  builder  had  used  Plain  End 
Vitrified  Clay  Pipe,  Fittings  and  Root-Proof  Couplings 
you'd  have  been  sure  of  trouble-free  house  drains, 
forever.  They're  root-proof,  by  actual  test. 

Plain  End  Pipe  from  4"  to  27" 


NATIONAL  SEWER  PIPE 


^Kitchens  are  for 
I,  cooking,  Sheila! 


The  Pretty  Housewife? 
Model  Sheila  Billing, 
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NS‘6  Canadian  Stage  and  TV  Star 


SALES  OFFICE-P.O.  BOX  18.  OAKVILLE,  ONTARIO 


98 


THE  ENGINEERING  JOURNAL 


JANUARY,  1962 


(Continued  from  page  70) 

such  critical  buckling  loads,  in  practice 
this  procedure  is  disguised  through  the 
use  of  hypothetical  design  stresses  for 
columns  which  have  no  reasonable  mean- 
ing or  significance. 

In  conclusion,  it  must  be  asserted  that 
the  very  great  problems  still  remaining 
in  the  development  of  generally  satis- 
factory and  complete  theories  of  struc- 
tural behaviour  and  analysis,  much  less 
truly  logical  design,  should  not  be 
allowed  to  obscure  the  significant  ad- 
vances in  the  development  of  scientifi- 
cally sound  concepts  provided  by  the 
plastic  hmit  theory. 
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Author’s  Reply 

The  author  is  grateful  to  the  dis- 
tinguished panel  of  discussers  who  have 
found  time  to  comment  on  his  thoughts 
with  regard  to  Plastic  Design. 

The  author  has  found  himself  in  strong 
disagreement  with  the  view  expressed 
particularly  forcefully  by  Prof.  Baker 
that  in  a structure  designed  elastically 
the  unit  stresses  produced  by  all  causes 
must  not  exceed  the  allowable  stress. 
This,  of  cour.se,  is  not  so.  It  is  not  all 
stresses  but  only  the  ones  which  may 
be  described  as  the  load  carrying 
strcs.scs,  that  count  in  the  conventional 
clastic  design  in  nearly  all  cases.  Stresses 
other  than  such  are  ignored.  To  these 
belong  secondary  stresses  in  trus.ses  due 
to  rigidity  of  joints,  stresses  due  to  local 
concentrations  at  the  edges  of  holes  and 
in  the  vicinity  of  .sharply  localized  loads, 
strcs.scs  produced  by  cold  bending  and 
cold  rolling  of  plates  in  fabrication  of 
l)ipes  and  tanks,  residual  stresses  caused 
by  burning  of  holes  and  tho.se  pre.seut 
in  rolled  .shapes.  When  Prof.  Baker 
as.serts  that  the  clastic  method  predicts 
.slre.s,s(;.s  badly  he  argues  not  against  this 
method  as  employed  by  practicing  en- 
gineers but  against  his  own  image  of  it. 

'I'he  author  has  never  come  across  a 
desigiu'r  who  would  include  the  residual 
strcs.scs  caused  by  rolling  in  his  calcula- 
tions. It  was  for  this  reason  that  the 
author  stated  that  the  residual  stres.ses 
W('ro  of  no  eon.secpienco  in  the  clastic 
d<'.sign.  Accordingly,  Professor  Bec'dle’s 
graph,  f’ig.  1,  .showing  the  efh'ct  of  the 
residual  stresses  on  buckling  of  beams 
is  unrelatr'd  to  the  elastic  design  al- 
though it  is  significant  in  the  plastic 
design. 


The  justification  for  ignoring  the  vari- 
ous secondary  stresses  in  the  elastic  de- 
sign comes  from  long  engineering  ex- 
perience and  not  from  the  plastic  theory. 
The  latter,  the  rigid  version  of  it, 
simply  rationalized  the  well  known 
favourable  effects  of  the  property  of 
yielding. 

When  confronted  with  a new  type  of 
structure  the  designer  must  draw  on  his 
own  engineering  judgment  and  experi- 
ence in  his  decision  as  to  what  stresses 
he  may  safely  ignore.  The  absence  of 
a hard  and  fast  rule  in  this  respect  may 
be  regretted,  but  the  emphasis  on  ex- 
perience in  practice  of  elastic  design  is 
a general  characteristic  of  the  engineer- 
ing profession. 

With  regard  to  the  simple  formula 
which  Prof.  Baker  offers  for  estimation 
of  the  possible  maximum  effect  of  re- 
sidual stresses  on  the  load  factor,  the 
author  simply  cannot  see  how  ar  ex- 
pression of  this  kind  can  possibly  take 
care  of  all  the  multiplicity  of  contribu- 
tory conditions,  such  as  the  intensity 
and  the  manner  of  di.stribution  of  re- 
sidual stresses;  the  type  of  structure: 
column,  beam,  rigid  frame;  the  type  of 
loading;  dead,  live  or  the  combination 
of  the  two;  the  exact  failure  mechan- 
ism of  perhaps  a dozen  different 
mechanisms  possible;  the  fact  that  the 
rigid  pla.stic  collapse  may  correspond  to 
one  mechanism  but  the  actual  collapse 
to  another.  The  author  is  frankly  dubious 
of  the  alleged  powers  of  the  simple 
formula. 

Prof.  Baker  states  that  both  the  elastic 
and  the  plastic  designers  have  essen- 
tially the  same  task  before  them, 
namely,  the  investigation  of  the  model 
of  the  structure.  However,  there  is  a 
great  difference  between  the  two  cases. 
The  elastician  inve.stigates  his  model 
(the  idealized  structure)  under  the 
action  of  the  working  loads,  when  the 
stres.ses  are  all  ela.stic.  Occasionally  the 
problem  of  ela.stic  instability  comes  in, 
which  may  be  very  difficult,  as  cor- 
rectly pointed  out  by  several  discussers. 
But  this  is  nothing  like  the  problem  con- 
fronting the  iila.stic  designer.  In  the  first 
place  the  plastic  model,  according  to 
the  claims  of  the  partisans  of  jilastic 
theory,  is  the  more  econoinieal  and 
therefore  the  lighter  of  the  two.  What, 
however,  is  more  important  is  the  fact 
that  this  liglitc'r  model  is  stressed  by  a 
load  8.'5%  luau  ier  than  the  working  load, 
and  that  when  muler  this  load  the  modi'l 
must  be  on  the  range  of  collapse.  'I'his 
in  turn  implies  that  the  stia'sses  in  the 
model  an'  to  a gri'at  t'xtent  iilastie; 
stability  must  be  analyzed  under  a dif- 
lienlt  combination  of  partly  pl.istic  ami 
partir’  elastic  bchariour  rrhich  is  af- 
Iciti'd  !)>■  all  kinds  of  si'comlary  stia'Sscs; 
the  phenomenon  of  erec'ir  thrusts  itself 
into  a position  of  prominenee  ami  the 
cousider.itious  ol  the  lira-  load  idaei' 
ment,  influenced  hr-  tlie  résidu, d stresses 
from  prer  ions  load  .ipidie.itions.  assume 
formidable  propiut  ions. 


Furthermore,  after  the  structure  is 
designed  by  the  empirical  formulae  given 
there  is  no  way  to  find  the  true  load 
factor.  This  is  one  of  the  principal  points 
stressed  by  the  author.  Prof.  Baker  denies 
it  irresolutely  by  saying  “This  is  not 
really  so”  but  he  fails  to  amplify  his 
statement.  The  author  has  searched  in 
vain  for  such  analysis  in  the  120  pages 
of  the  discusser’s  book  devoted  to  non- 
rigid  plastic  method. 

Another  important  criticism  of  the 
plastic  theory  was  levelled  on  the  load- 
ing condition  for  the  design  of  columns. 
Prof.  Baker  specified  in  this  connection 
that  one  floor  beam  at  each  of  the  two 
floor  levels  of  the  column  should  be 
plasticized  by  application  of  the  full 
factored  load,  while  the  two  other  floor 
beams  at  the  same  floor  levels  should 
be  loaded  by  factored  dead  loads.  The 
author’s  prescription  resulting  in  much 
greater  column  moments  was  to  load  all 
four  beams  by  full  factored  loads  and 
then  remove  the  live  load  parts  from 
two  of  the  beams  bringing  them  to  the 
state  of  loading  as  specified  by  Pro- 
fessor Baker.  The  discusser  vetoes  this 
condition  by  asserting  that  the  previous 
plastification  of  the  two  beams  has  pro- 
duced in  effect  failure  of  the  structure, 
making  its  subsequent  behaviour  of  no 
significance.  The  author  fails  to  see  the 
line  of  Prof.  Baker’s  reasoning  in  making 
this  objection.  A previous  plastification 
is  equally  in  evidence  in  the  loading 
condition  specified  by  him  and  is  in 
fact  the  basis  of  all  his  non-rigid  plastic 
theory  of  design  of  columns,  especially 
with  plastic  end  conditions. 

Apart  from  this,  one  can  imagine  the 
beams  involved  to  be  loaded  by  a load 
1%  or  0.01%  lighter  tlian  tire  failure  load. 
Then  tliey  will  not  fail  by  Prof.  Baker’s 
standards  but  the  resultant  moments  in 
the  column  will  be  virtually  tire  same 
as  calculated. 

Prof.  Beedle  disagrees  widi  tlie 
author’s  diagnosis  of  the  two  basic  as- 
sumptions of  his  beam  theorx'  as  un- 
realistic and  unsafe.  I lis  discussion  of 
this  subject  follows  the  line  of  tlie 
Commentary.  The  author  feels  that  a 
few  additional  remarks  may  contribute 
to  clarification  of  this  point.  Prof. 
Beedle  contends  that  all  material  of 
structural  steel  under  stress  in  yielding 
range  is  actually  cither  in  the  elastic  or 
in  the  strain  hardening  state,  both  of 
which  are  characterized  by  definite 
moduli  of  elasticiti’.  If  this  statement 
means  what  it  .says,  an  inerea.se  in  .strain 
in  the  liekliug  range  .should  bring  with 
it  an  increase  in  stress  at  a rate  inter- 
mediate bi'tween  the  values  of  the  two 
iiKnluli.  .Since  howeier  no  such  increase 
in  stress  taki'S  place  in  the  \ielding 
rangi'  the  diseus.si'r’s  suiiposition  is  mani- 
festly iueoneet.  The  gradual  nature  of 
extension  of  yielding  from  one  sliii  baml 
to  another  d(H's  not  prove  the  proposi- 
tion. 

Delieii'ut  fn>m  the  ihtsiretixMl  p>in;  • 

\ iew.  Frof,  Beedle's  h'rmul.u'  arc  ekiime.l 
to  In'  ,impl\-  snbst.mti.iti'rl  b>  tests.  I'x- 
perimeul.il  <'\  idt'iu'o  in  their  sm'p'rt  i' 
i ('.’iitiinii'il  I'll  II, vt  pe  , 
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Precision  engineered  Morrison  Gauges  give  long,  trouble-free 
service  under  the  most  rugged  operating  conditions. 

Individually  calibrated  to  ensure  pin-point  accuracy,:  they 
.are  completely  protected  from  dust,  vapour  and  moisture  by 
durable  bronze,  iron  or  phenol  plastic  cases.  Dials  are 
distinctly  numbered  for  quick,  easy  reading.  Morrison  Gau.ges 
are  made  of  the  finest  components  and  assembled  by  the 
most  modern  manufacturing  methods.  Whatever  your  gauge 
requirement,  he  it  for  w.ater,  steam,  gas,  oil,  ammonia, 
gasoline  or  hydraulic  ; for  high  or  low  pressure  operation, 
you  will  be  sure  of  complete  dependability  when  you 
install  a Morrison  Gauge. 

MORRISON’S  policy  is  to  give  the  ultimate  in  customer  service. 
To  accomplish  this,  jobbers  are  carrying  adequate  inventories 
of  our  various  products  in  all  large  centres  throughout  the 
Dominion.  To  support  our  jobbers  we  h,ave  stocks  of  finished 
parts  and  completed  items  in  our  main  warehouse  and 
factory  at  276  King  Street  West,  Toronto.  All  MORRISON 
products  are  packaged  for  easy  identification. 


impressive,  but  as  always  the  case  with 
empirical  formulae  there  is  danger  of 
overstepping  the  limits  of  experiments. 

The  steel  members  tested  were  com- 
paratively small,  and  little  has  been 
disclosed  of  the  details  of  the  tests,  leav- 
ing ample  room  for  uncertainties. 

The  readings  of  load  and  deformation 
were  taken,  it  is  stated,  only  after  the 
conditions  were  Stabilized.  What  does 
this  mean  exactly  in  tenns  of  time?  Creep 
in  yielding  and  strain  hardening  regions 
may  continue  for  months.  How  long  did 
it  take  to  perform  the  tests? 

The  value  of  yield  stress  of  stee'l 
varies  not  only  from  beam  to  beam  but 
also  from  web  to  flange  and  from  one 
section  to  another  in  the  same  beam. 
How  many  control  tests  of  yield  stress 
were  taken  and  how  much  room  was 
there  for  subjective  interpretation  of 
test  results? 


i 

r 

Î 

i 

j 
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An  important  question  with  regard  to 
Prof.  Beedle’s  fonnulae  is,  what  exactly 
constitutes  a lateral  restraint.  When  cri- 
ticizing the  Commentary’s  example  of 
rigid  frame  in  Ref.  9,  p.l70,  the  author 
was  dubious  of  the  solution  in  which  the 
restraints,  computed  by  the  slenderness' 
ratio  fonuula,  were  placed  on  the  tension  . 
flange  with  no  supports  on  the  com- 
pression flange.  Now  in  a counter-corn-' 
ment  the  discusser  seems  to  admit  that 
adchtional  restraints  on  the  compression 
flange  are  also  needed,  but  he  does  not 
say  how  far  apart.  This  clarification 
makes  the  meaning  of  lateral  restraint  in 
the  Commentary’s  formulae  so  obscure 
that  the  author  does  not  see  how  a 
designer  can  use  the  fonnulae. 


The  discusser’s  comments  on  the  de- 
sign of  connections  do  not  explain  how 
a stress  20%  greater  than  the  yield 
Stress  arrives  at  the  beam  flanges.  His 
method  of  design  is  again  justified 
solely  on  the  strength  of  experimental 
evidence. 


The  author  wishes  to  make  it  clear  ! 
that  his  criticism  is  directed  on  the  f 
present  status  of  plastic  theory  and  not  | 
on  its  aim,  and  that  he  holds  in  highest  j 
regard  the  untiring  efforts  of  the  princi-  j 
pal  proponents  pf  the  theory.  Prof.  Baker  i 
and  Proif.  Beedle,  even  though  he  does  i 
not  agree  with  them  in  the  appraisal  of  I 
their  findings.  j 


Figure  4762  — with  Bronze  tube 
and  stainless  steel  movement. 


Figure  4774 — with  screwed-in  monel 
tube  and  stainless  steel  movement. 


You  will  find  Canada’s  largest  selection  of  Bourdon  type  Pressure 
Vacuum,  Altitude  and  Compound  Gauges  at  Morrison  Brass  dis- 
tributors, located  in  all  major  centres  from  coast  to  coast. 
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Prof.  Benjamin’s  word  of  warning  in 
connection  with  the  empirical  nature  of 
plastic  formulae  and  the  limited  experi- 
mental evidence,  coming  largely  from  a 
single  source  may  very  well  be  pondered 
upon  by  those  responsible  for  the  pro- 
posed inclusion  of  the  plastic  theory  in 
specifications.  Hasty  acceptance  of  the 
new  theory  before  a thorough  examina- 
tion of  its  many  phases  and  the  resolu- 
tion of  its  difficulties  does  not  seem  to 
be  in  line  with  the  traditional  caution  of 
the  engineering  profession. 

The  discussions  of  Professors  D.  T. 
Wright  and  W.  J.  Sutcliffe  have  the  ef- 
fect of  neutralizing  each  other.  Prof. 
Wright  is  a great  believer  in  the  alleged 
superiority  of  the  Plastic  Theory  over 
the  Elastic  Theory,  while  Professor  Sut- 
cliffe holds  the  opposite  view. 

|ÎP 
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15,000  Northern  People  . . . individuals  all  with  different  per- 
sonalities . . . different  lives  . . . holding  various  positions  . . . making 
numerous  products  . . . but  all  linked  together  by  a common  bond  as  a 
member  of  the  Northern  Electric  family,  in  the  design,  manufacture, 
and  installation  of  a large  proportion  of  Canada's  telephone  com- 
munication systems  and  equipment.  They  produce  all  types  of 
electrical  wire  and  cable  for  communication  and  power  trans- 
mission, and  distribute  a complete  line  of  electrical  apparatus  and 
supplies.  At  Northern  Electric,  product  research  and  develop- 
ment never  stops,  and  continuing  progress  is  made  in  the 
communication,  electrical  \t^  é-L,  ^ ITf  , , 
wire  and  cable  fields. 
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(Continued  from  page  96) 
of  central  station  air  conditioning  sys- 
tems, the  packaged  Tonrac  provides 
chilled  water  for  operation  of  zone  or 
individual  room  conditioners  in  hospitals, 
schools,  small  offices  and  industrial 
plants,  motels  and  small  hotels  and  other 
buildings  of  similar  nature. 

A NEW  DUO-SEAL  Vacuum  Pump,  the 
1398,  has  been  developed  by  the  Welch 
Scientific  Company.  The  new  pump  has 
capacities  in  excess  of  50  CFM,  or  1,400 
U.  min.,  and  pressure  down  to  1 x 10'^ 
mm  Hq  (McLeod)  or  better.  These  Duo- 
Seal  Pumps  are  completely  run-in  at  the 
factory  and  have  been  tested  until  they 
exceed  their  vacuum  guarantees.  The 
1398  is  especially  recommended  for  ap- 


plications requiring  high  pumping  capa- 
cities and  low  pressures.  Typical  uses  of 
this  pump  are  vacuum  distillation,  de- 
hydration, reduction,  leak  detection  and 
hermetic  sealing. 

PRODUCTIVE  EFFICIENCY  at  United 
Steel  Corporation  Limited  has  been 
effected  by  consolidating  so  that  all 
subsidiaries  become  divisions.  Engineer- 
ing services  of  the  company  are  being 
consolidated  and  centralized.  Greater 
emphasis  upon  engineering  will  be 
placed  to  increase  efficiency  for  the  cus- 
tomers’ benefit.  The  result  of  the  con- 
solidation is  a more  streamlined  organiza- 
tion to  deal  with  prospected  expansion  of 
business. 


NEW 


New  Series  670  Melagraphic  fits  conveniently 
into  6"  by  6"  panel  cutout. 


compact 

easy-start-up 

easy-to-operate 


Now,  Bristol  Series  670  Metagraphic  Pneumatic 

Receiver  offers  unmatched  versatility  and  ease  of 

operation  in  a 4-inch  strip-chart  instrument. 

Look  at  these  new  features: 

• simplest  control  switching  between 
functions  for  easy  start-up.  No  seal 
positions 

• convenient,  easy-to-remember  switch 
positions 

• bright,  distinctively  shaped  signal  pointers 

• simplified  chart  change  and  inking 

WRITE  TODAY  for  specification  folder  and 

literature  on  the  new  Series  670  Receiver. 
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FOR  HIGHLY  CORROSIVE  pumping 
jobs  involving  small  capacities,  up  to 
75  GPM,  M.  L.  W.— Goulds  has  put  a 
one  inch  MLW-Goulds-Pfaudler  glassed  ' 
pump  on  the  market.  This  unit  is  de- 
signed to  fill  the  demand  in  the  chemi- 
cal processing  industries  for  a unit  of 
lower  capacities  than  available  with  the 
Model  3706  MLW  - Goulds  - Pfaudler 
glassed  pump  first  introduced  in  1956. 
Glass,  fused  to  metal  on  all  surfaces 
coming  in  contact  with  the  pumpages, 
provides  almost  complete  resistance  to 
corrosion.  As  the  bonded  glass  is  tough 
and  the  glass  surfaces  are  continuous 
with  no  bolt  holes  or  tapped  openings 
contamination  of  product  is  eliminated. 

PRELIMINARY  EVALUATIONS  have 
shown  Canadian  General  Electric  re- 
search scientists  that  silicone  rubber 
materials  have  excellent  heat  resistance 
for  short  periods  at  temperatures  up  to 
9,000°  F.  From  these  preliminary  evalu- 
ations vital  information  has  come.  Re- 
sults indicate  that  silicone  rubber  can  i 
be  used  as  thermal  insulation  on  missiles  J 
and  space  vehicles.  This  is  due  to  the  | 
formation  of  a hard  carbon  layer  which  ! 
protects  the  underlying  surfaces.  This 
phenomenon  indicates  that  silicone  rub- 
ber can  be  used  in  other  applications 
where  similar  characteristics  are  required. 

A NEW  COMPACT  unit  for  the 
Gardner  - Denver  SPI25  Rota  - Screw 
Compressor  is  now  available  for  mount- 
ing on  any  style  truck  bed.  This  pack-  I 
aged  unit,  designed  particularly  for  the  | 
public  utility  service  features  automatic  I 
starting  and  blow-down  and  flawless  1 
operations  in  all  weather  from  40°  below  I 
to  115°  above  zero.  All  controls  and  I 
instruments  are  mounted  on  one  end  of  I 
the  machine  behind  a drop  rear  door.  1: 
Currently  in  production  the  Rota-Screw  I 
has  no  metal-to-metal  contacts  in  the  | 
compression  chamber.  I 

AN  ANALYSIS  of  nine  important  factors 
governing  the  production  of  high  quahty 
concrete  is  treated  in  a six  page  publica- 
tion by  Master  Builders  Company.  The 
booklet,  P-36A,  outlines  the  ability  of 
Pozzolith  to  give  concrete  increased  flex-  | 
ural,  bond  and  compressive  strength,  i 
effectively  entrained  air,  increased  work-  i 
ability  and  durability,  initial  retardation  , 
and  resistance  to  scaling.  Charts,  graphs  I 
and  photographs  based  on  field  and  [ 
laboratory  tests  illustrate  the  brochure.  I j 

THE  EXPLOSIVES  division  of  Cana-  fS 
dian  Industries  Limited  is  investigating  | 
the  possibility  of  establishing  a mixing  | | 
plant  for  the  production  of  a newly-  ï i; 
developed  type  of  blasting  agent.  The  I 
plant  would  be  located  in  Sudbury,  Ont. 

If  plans  are  approved  the  plant  should  i 
be  completed  within  the  first  half  of  the 
year.  It  would  supply  the  local  Sudbury 
area  as  well  as  other  northern  mining 
districts  requirements  for  ammonium  I 
nitrate  fuel  oil  type  blasting  agents. 


AN  EXTREMELY  small  fission  counter 
with  a flexible  coaxial  cable  designed 
for  thermal  neutron  fluxes  up  to  10  neu- 
trons/cm2-second,  or  lO®  nv.  Less  than 
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i/4  in.  in  diameter  and  less  than  33  in. 
I long  the  device  has  a six-ft.  length  of  Is 
in.  diameter  coaxial  cable  attached, 
though  a longer  one  can  be  supplied  on 
special  order.  All  metal  parts  are  ti- 
tanium to  insure  low  activation  and  the 
WX-4706  is  insulated  with  high-purity 
vacuum  sealed  ceramic. 

ONTARIO  HYDRO  is  building  a 50-mile 
transmission  line  between  the  northern 
Ontario  communities  of  Manitouwadge 
and  Homepayne  by  air.  Helicopters  will 
be  used  in  all  phases  of  construction. 
They  will  carry  wood  poles,  set  them  in 
the  ground  and  string  conductors.  Per- 
sonnel will  also  be  moved  by  hehcopter 
as  only  a small  part  of  the  line’s  right-of- 
I way  is  accessible  by  road. 

INDUSTRIAL  Equipment  Limited  has 
opened  a plant  in  Clarkson,  Ont. 
DEMAG— for  Deutsche  Maschinenfabrik 
Aktiengessellschaft  — produces  electric 
; hoists,  suspension  tracks  and  suspension 
cranes,  stacker  cranes,  overhead  travel- 
ling cranes,  mobile  cranes,  grabs,  load 
' lifting  magnets,  multiple  magnet  spreader 
bars,  motors  and  standard  components 
needed  by  industry. 

:|  THREE  NEW  COMPRESSORS  have 
I been  announced  by  Canadian  Ingersoll 
I Rand  Co.  Limited.  The  “Spot-Air”  de- 
■ livers  36CFM  of  air  at  80  psi  with  little 
or  no  maintenance.  This  compressor, 
self  contained  and  completely  portable 
is  32  in.  high  and  27  in.  in  diameter,  and 
weighs  265  lbs.  Three  power  cylinders 
are  driven  by  an  air-cooled  four-cycle 
gasoline  engine.  The  “Spot-Air”  can  be 
used  for  a variety  of  applications.  The 
two  new  compact  Power  Take-Off  Gyro- 
FIo  Compressors,  the  RS-85  and  RS-125 
have  been  designed  for  utility  services 
or  any  other  air  power  application  where 
compact  trucks  and  equipment  are  a 
necessity.  Roth  consist  of  compressor,  oil 
cooler  and  accessories  — compactly 
mounted  on  a rigid  baseplate  and  are 
driven  by  the  truck  engine  through  either 
direct  or  belt  drive  from  the  truck  power 
take-off.  The  RS-85  weighs  455  lbs. 
while  the  RS-125  weighs  680  lbs. 

TWO  FULLY  compatible  solid-state 
units  can  send  or  receive  scientific  or 
business  data  over  leased  communica- 
tions lines  at  up  to  300  characters  per 
second— 30  times  the  speed  of  human 
speeeli.  Data  can  be  sent  in  tlie  following 
ways:  card  to  tape,  tape  to  card,  card 
to  memory,  memory  to  card,  tape  to 
memory,  mc-mory  to  tape,  card  to  card, 
tape  to  tape  and  memory  to  memory. 
'I'lie  IBM  7702  magnetic  tape  trans- 
mission terman  will  transmit  and  reec'ivc 
data  from  magnetic  taiies  used  by  most 
IBM  data  proce.ssing.  The  IBM  1013 
card  transmission  terminal  wliieh  has 
Ix'i'ii  buflered  for  the  grouping  of  data 
in  blocks  of  up  to  329  characters,  oper- 
ates uuder  the  control  of  a storc'd  pro- 
gram that  (U'tt'iinines  the  format  in 
which  data  is  transmitti'd.  It  reads  cards 
at  the  rate  700  eharaetc-rs  a sec'imd, 
transmits  data  at  the  rate  of  .300  ehar- 
aeters  and  punches  cards  at  the  rate  of 


80  characters  a second.  Both  new  units 
automatically  detect  and  correct  reading 
and  writing  errors  as  well  as  errors  in 
transmission.  A special  operating  routine 
permits  data  containing  a permanent 
error  to  be  bypassed. 

A DRILLING  MACHINE  known  as  the 
Bantam  has  been  introduced  to  the 
Canadian  market  by  Atlas  Copco  Canada 
Ltd.  This  unit  bridges  the  gap  between 
the  plugger  and  the  wagon  drill.  It  is 
especially  designed  for  use  where  drill 
holes  must  go  too  deep  for  a conven- 
tional plugger  but  not  deep  enough  for 
the  economical  use  of  a wagon  drill. 


A NEW  TANKER,  as  yet  unnamed,  is 
being  built  by  Canadian  Shipbuilding 
and  Engineering  Co.  Ltd.,  CoUingwood, 
Ont.,  for  Canadian  Oil  Companies  Ltd. 
The  biggest  addition  to  Canadian  Oil’s 
transportation  system  since  1948,  the 
tanker  will  have  a speed  of  12^  knots, 
a pumping  capacity  of  8,000  barrels  an 
hour  and  a carrying  capacity  of  51,000 
barrels  of  gasoline  when  fuUy  loaded.  A 
feature  of  the  design  is  10  separate  car- 
go tanks  permitting  the  vessel  to  carry 
five  separate  products  simultaneously 
without  the  possibility  of  intermixing 


(Continued  on  page  108) 


V/&T 


COMPOUND-LOOP  CONTROL 


Compound-loop  Control  by  Wallace  & Tiernan  maintains  chlorine 
residuals  automatically— provides  utmost  flexibility  in  arrangement  and 
process  control. 

Chlorinator  feed  rate  is  adjusted  by  two  signals:  one  from  water 
flow,  the  other  from  continuous,  automatic  residual  analysis.  Since  feed 
rate  is  the  product  of  these  signals.  Compound-loop  Control  gives  you  a 
range  of  greater  than  100:1.  No  matter  how  much  flow  or  demand 
changes,  your  system  always  maintains  the  selected  residual. 

Regardless  of  the  size,  type,  or  physical  layout  of  your  system. 
Compound-loop  Control  adapts  readily.  Electric,  pneumatic,  or 
variable  vacuum  control  signals  can  he  used.  And  you  can  in- 
stall Compound-loop  Control  as  a package  or  convert  to  it. 
component  by  component,  as  your  system  expands. 

For  more  information,  write  Dept.  S-1 43.35 

WALLACE  & TIERNAN  LIMITED 

H«nd  Office  ond  rodory  Worden  kv9.  north  of  (glinlon  $4,  Toronto  13.  Ont. 

Montreol Winnipeg (algory Noiifoi 
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NEW  FIBRE  GLASS 


Eslon 


ENGINEER'S  TAPE 


Tougher  than  steel 
Flexible  as  Fabric 


Modern  Eslon  Tape  Measures  are  made  of 
30,000  individual  lengths  of  Fibre  Glass 
and  coated  with  tough,  plastic  polyvinyl 
chloride  — to  give  you  a perfect 
combination  of  strength  and  flexibility. 
Eslon  Tapes  are  ideal  under  any 
conditions: 


• Consistent  accuracy  — wet  or  dry 

• Wear  resistant 

• Tape  and  fittings  non  rusting  — no  kinking  or 
cracking 

• Easily  cleaned  with  a damp  cloth  as  often  as 
necessary 

• High  electrical  insulation 

• Resistant  to  change  in  surrounding  temperatures 

Eslon  Tape  is  available  in  25',  50',  100',  graduated 
in  tenths  or  eighths. 


CARSEN  INSTRUMENTS 

LIMITED 

162  Bentworth  Ave.,  Toronto  19  RU  9-2681 


(Continued  from  page  98) 


’symposium  on  electrode  processes,  transactions. 


The  papers  included  in  this  volume  were  presented  at 
an  international  symposium  sponsored  by  the  Electro- 
chemical Society  and  the  U.S.  Air  Force  Office  of  Scientific 
Research.  While  virtually  all  phases  of  fundamental  in- 
vestigations of  electrode  processes  are  covered,  emphasis 
has  been  placed  on  new  research  developments,  and  more 
specifically,  on  hydrogen  discharge  kinetics,  electrode- 
position and  dissolution  of  metals,  the  electrical  double 
layer,  adsorption  phenomena,  and  the  kinetics  of  fast 
electrode  processes.  (Ernest  Yeager.  New  York,  Wiley,  1961. 
374p.,  $20.00.) 


"water  hammer  in  hydraulics  and  wave  surges  in 

ELECTRICITY. 


'METALLIC  FATIGUE. 


STRESS  CONCENTRATION  AROUND  HOLES. 


AN  INTRODUCTION  TO  APPLIED  ANISOTROPIC  ELASTICITY. 


This  classical  work  presents  a graphical  method  for  the 
solution  of  highly  complex  problems  dealing  with  water 
hammer.  The  author  also  discusses  the  use  of  this  method 
to  solve  problems  dealing  with  metallic  bars  subjected  to 
longitudinal  forces,  transverse  waves  in  a stretched  string, 
torsional  waves  in  a rotating  cylinder,  variations  of  dis- 
charge in  an  open  channel,  and  surges  on  electric  lines. 
A variety  of  practical  examples  are  given  to  illustrate  the 
application  of  this  method  to  specific  situations.  (Louis 
Bergeron.  New  York,  Wiley,  1961.  293p.,  $15.00.) 


“management  models  and  industrial  APPLICATION  OF 

LINEAR  PROGRAMMING.  VOL.  I. 


The  underlying  theory  of  linear  programming  is  pre- 
sented and  illustrated  by  concrete  examples  drawn  from 
actual  experience  in  managerial,  engineering,  and  economic 
applications.  These  applications  are  incorporated  into  a 
unifying  theme  identified  as  the  idea  of  “model  types”. 
Accompanying  geometric  representations  are  included 
wherever  possible  as  a further  aid  to  intuition  and  under- 
standing. The  mathematics  is  restricted  for  the  most  part 
to  algebra.  (A.  Charnes  and  W.  W.  Cooper.  New  York, 
Wiley,  1961.  467p.,  $11.75.) 


The  major  factors  which  affect  the  fatigue  behavior  of 
metals  are  surveyed.  Theoretical  treatments  are  given  of 
such  factors  as  stress  concentration,  frequency  effects,  cor- 
rosion, fretting,  crack  propagation,  and  statistics.  Particular 
emphasis  is  placed  on  the  relationship  of  metallic  fatigue 
to  standard  aircraft  fabrication  and  finishing  processes, 
and  a wide  range  of  testing  machines  and  apparatus  are 
described.  (W.  J.  Harris.  Oxford,  Pergamon,  1961.  331p., 
$12.50). 


The  problem  of  stresses  set  up  around  holes  of  various 
shapes  in  beams  and  plates  subject  to  different  kinds  of 
loading  is  discussed  at  length.  The  most  important  results 
on  stress  concentration  are  clearly  compiled  as  graphs  and 
tables,  thus  enabling  engineers  and  designers  to  arrive  at 
conclusions  of  significance  witliout  having  to  make  a de- 
tailed study  of  the  theory.  A translation  from  the  Russian, 
this  work  consists  mainly  of  the  results  of  the  work  of  the 
author  and  his  students  over  a period  of  fifteen  years. 
(G.  N.  Savin.  Oxford,  Pergamon,  1961.  430p.,  $15.00.) 


The  problems  encountered  in  anisotropic  elasticity,  tlie 
methods  of  solving  them,  and  the  results  obtained  are 
di,scus.sed.  The  topics  discussed  include  elastic  constants 
and  symmetry,  elastic  constants  of  single  crystals,  sheet 
materials  and  polycrystalline  aggregates,  simple  stress  sys- 
tems, stress  and  strain  distribution,  wave  propagation,  and 
anisotropic  plates.  Although  the  subject  matter  has  evolved 
largely  along  mathematical  lines,  the  book  is  intended 
primarily  for  physicists  and  engineers,  ratifier  than  for 
mathematicians.  (R.  F.  S.  Hearmon.  Toronto,  Oxford,  1961. 
136p.,  $5.25.) 
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“etude  et  determination  des  SYSTEMES  HYDRAULIQUES. 

This  text  covers  both  the  static  and  dynamic  charac- 
teristics of  hydraulic  elements  and  systems,  including  hy- 
draulic servo-control  mechanisms.  Considerable  space  is 
devoted  to  calculations,  including  nine  practical  problems 
for  which  detailed  solutions  are  provided.  There  is  also  a 
group  of  nomograms  and  other  charts,  seven  of  which  are 
reproduced  on  transparent  paper  for  direct  use.  (M.  Guil- 
lon.  Paris,  Dunod,  1961.  443p.,  78NF.) 

“progress  in  CRYOGENICS,  VOLUME  3. 

A critical  review  of  new  developments  in  the  field  of 
cryogenics,  this  volume  covers  helium  liquifiers,  low  tem- 
perature heat  exchangers,  novel  refrigeration  cycles  and 
devices,  cryogenic  rocket  propellants,  paramagnetic  sub- 
stances for  nuclear  orientation,  and  dynamic  nuclear  orien- 
tation. (K.  Mendelssohn.  New  York,  Academic,  1961.  173p., 
$8.00.) 

“introduction  to  THE  DYNAMICS  OF  AUTOMATIC 
REGULATING  OF  ELECTRICAL  MACHINES. 

The  general  laws  governing  tlie  design  and  develop- 
ment of  automatic  regulating  systems  are  discussed,  and 
methods  for  their  analysis  and  synthesis  are  pre.sented.  The 
first  twelve  chapters  are  devoted  to  the  linear  systems 
with  continuous  action.  Of  these,  the  twelfth  chapter  is 
entirely  taken  up  with  the  discussion  of  concrete  examples, 
the  selection  of  a network  configuration,  and  the  computa- 
tion of  the  basic  parameters.  The  theory  of  intermittent 
regulation  is  then  discussed,  and  the  remainder  of  the 
book  is  devoted  to  non-linear  problems  in  tlie  tlieory  of 
automatic  regulating.  (M.V.  Meerov.  Toronto,  Butterworths, 
1961.  411p.,  $18.75.) 

“civil  ENGINEERING  REFERENCE  BOOK,  2nd.  ed. 

An  extensive  reference  work  covering  all  phases  of 
civil  engineering.  This  edition  includes  new  chapters  on 
hydraulic  power  plants,  overhead  transmission  lines,  struc- 
tural concrete,  pre.stres.sed  concrete,  masonry  and  brick- 
work, and  the  aesthetics  of  bridge  design.  Some  chapters 
have  been  completely  rewritten,  either  by  tlie  original 
contributors  nr  by  new  contributors.  All  other  chapters  re- 
tained from  the  first  edition  have  been  thoroughly  revised. 
In  addition  the  entire  work  has  been  rearranged  for 
greater  convenience.  (J.  Comrie,  ed.  Toronto,  Butterworths, 
1961.  4 vols.  $66.50.)  ' 

COMPUTER  ANALYSIS  OF  CYLINDRICAL  SHELLS. 

Sets  of  design  tables  for  286  typos  of  shell  roofs  cal- 
culated by  the  computer  at  the  University  of  Manchester, 
the  aim  being  to  give  an  example  of  most  of  the  shells 
which  an  engineer  might  be  called  on  to  design.  Given  the 
span,  length  and  radius  of  the  structure,  the  designer  can 
find  the  bending  moments  and  forces  in  edge  beams,  and 
forces  and  moments  at  all  quarter  points  of  the  .shell.  From 
this,  the  rc'inforcement  can  be  designed.  The  tables  cover 
singh;  shells  with  edge  beams,  multi-.shells  with  edge 
beams;  multi-.slu'lls  with  iirestrcs.sed  ('dge  beams.  Multiply- 
ing factors  for  incnaised  snow  load  ar(>  given  in  an  appem- 
dix.  3’his  volume  is  intended  as  a supplement  to  the 
author’s  Di'sign  of  Gvlindrical  Shell  Hoofs.  (I.  F.  Gibson. 
London,  Spoil,  1961.  259p.,  81/-.) 


COURS  DF,  MATIIEMATIQI'ES. 

Intended  for  mulergradnali'  engiiKH-ring  s'ndents,  this 
t('xt  provides  a course  in  matlunnaties,  showing  their  ap- 
plication to  engiiu't'iing,  ratlu'r  than  bi'ing  a eonrsi'  in 
applied  inatluMuaties.  'I'lu'  first  volume'  eox  i'is  linear  al.gebra, 
Innetions,  simple'  inte'.grals,  Femiie'r  inte'greils,  enrvi's,  snr- 
laee'S,  multiple'  inte'grals.  The'  se'C'emel  veihnne'  ele'als  with 
analytie'al  Innetiems,  line'ar  eeinatiems,  elille'ie'utial  e'ein. diems. 
I'entially  de'iive'el  e'einatiems,  hannemic'  Innetiems.  I’reible'ins 
anel  e'xte'usive'  biblie)gra|ihie'S  are'  ini'lnele'el.  (J.  Bass.  I’.nis, 
Massem,  1961 . 2 veils.,  101  NF.) 

(Coiitiiuicd  on  109) 
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What 
types  of 
businesses 
does  IDB 
help 
finance? 


Manufacturing  and  commercial  businesses  . . . 
wholesale  and  retail  trade  . . . primary  and  second- 
ary industry  . . . tourist,  recreational  and  service 
businesses  . . . construction  trades  . . . professional 
services  . . . transportation  . . . these  and  other 
types  of  businesses  can  obtain  financing  for 
various  purposes  from  the  Industrial  Develop- 
ment Bank. 

If  you  are  engaged  in  a business,  or  plan  to  start 
one,  and  required  financing  is  not  available  else- 
where on  reasonable  terms  and  conditions,  you 
are  invited  to  visit  an  I.D.B.  office,  write  for  a 
descriptive  booklet,  or  consult  your  auditor, 
lawyer  or  chartered  banker  for  information  re- 
garding IDB  services. 


INDUSTRIAL  DEVELOPMENT  BANK 

Regional  Offices:  ST.  JOHN'S.  Nfld.  . HALIFAX,  N.S.  . SAINT 
JOHN.  N.B.  . QUEBEC,  MONTREAL.  P.Q.  • OTTAWA.  TORONTO. 
HAMILTON,  LONDON,  SUDBURY,  PORT  ARTHUR.  Ont.  . d INNIPEG  .M.in. 
REGINA,  Sask.  . CALGARY.  EDMONTON,  Alta.  . \ ANCOUvER.  B.C. 
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THE  CANADIAN  COMMITTEE  ON  LARGE  DAMS 
WORLD  REGISTER  OF  DAMS 

The  Canadian  Committee  on  Large  Dams  (CNC/ICOLD)  is  assembling  data 
on  all  large  dams  in  Canada  as  part  of  a world  wide  effort  to  publish  a World 
Register  of  Dams. 

Covernment  authorities,  corporations  and  engineering  firms  across  Canada 
have  been  approached  during  the  past  year  for  details  of  dams  which  they  own, 
operate  or  have  designed. 

The  response  has  been  excellent  and,  to  date,  information  on  297  dams 
which  qualify  for  the  register,  has  been  assembled. 

The  project  is  now  moving  into  its  final  stages  and  the  Canadian  National 
Committee  hopes  to  have  its  section  of  the  World  Register  ready  for  publication 
early  in  1962.  However,  it  is  recognized  that  there  may  be  additional  dams  of 
which  the  Canadian  National  Committee  is  not  aware.  The  Committee  would,  there- 
fore, be  grateful  for  any  information  on  little  known  dams  which  readers  suspect 
may  not  have  been  brought  to  the  Committee’s  attention. 

All  dams  50  feet  high  or  more  will  be  included  in  the  Register  and  dams 
from  33  feet  to  50  feet  will  be  included  subject  to  certain  other  qualifications. 


(Continued  from  page  105) 


A NEW  CHROMATOGRAPHIC  ana- 
lyzer  made  by  The  Foxboro  Co.  provides  || 
measurements  of  up  to  six  components  |i 
on  which  to  base  control  of  process 
stream  eomposition.  Continuous  mea-  w 
sûrement  trends  are  monitored  by  two  j 
pneumatic  recorders,  each  logging  the  I 
concentration  of  three  components.  I 
Sharp  peak  definition  has  been  achieved  b 
largely  through  a sampling  valve  which 
delivers  a uniform  slug  of  sample  gas  ’ 
to  the  column  for  each  analysis.  : 


A CONDENSED  CATALOGUE  of  in- 
dustrial  process  instruments  has  been  S 
published  by  Honeywell  Controls  Ltd.  T 
This  catalogue  describes  electronic  in-  j 
struments,  Electrik  and  pneumatic  Tel- 
O-Set  lines,  millivoltmeters,  primary  f 
sensors,  filled  system  thermometers,  ! 
pressure  gauges  and  transmitters,  flow 
and  liquid  level  meters,  Out-O-Pulse  ' 
telemetering  systems,  special  purpose  in-  j 
struments,  computers  and  data  handling  " 
systems,  basic  industrial  controls,  and  j' 

control  valves.  j. 

A CONTRACT  for  five  control  gates  and 
operating  equipment  to  be  added  to  the 
international  control  dam  on  the  upper  | 
Niagara  River  has  been  awarded  On-  j 

tario  Hydro.  Dominion  Bridge  Co.  Ltd., 
of  Toronto  will  supply  the  gates  and 
machinery.  The  existing  13-gate  control  j 

dam,  about  one  mile  above  the  Falls, 
was  completed  in  1957.  The  contract  is  - 
valued  at  more  than  $750,000.  |ji|  j- 


BOOTH 


STEEL  ROLLING 
SHUTTERS 


The  BOOTH  Rolling  Shutters  shown  below  are  part 
of  an  installation  of  32  Shutters,  each  8'6"  square  at 
the  New  Sufferance  Warehouse,  Montreal  for  Messrs. 
Smith  Transport  Ltd.  This  is  the  latest  repeat  order 
for  these  clients. 


JOHN  BOOTH  & SONS  (BOLTON)  LTD. 

Hulton  Steelworks,  Bolton,  England. 


Represented 
DAVID  McGILL  & SONS  LTD., 

16  St.  John's  Road,  Point  Claire, 
MONTREAL  33,  Que. 

JOHN  THOMPSON-LEONARD  LTD., 

P.O.  Box  429,  LONDON,  Ont. 

HALLS  ASSOCIATES  (WESTERN)  LTD., 
1045  Erin  Street,  WINNIPEG  10,  Man. 
NORTHERN  ASBESTOS  & BUILDING 
SUPPLIES  LTD., 

125th  Avenue,  EDMONTON,  Alta. 


in  Canada  by: 

NORTHERN  ASBESTOS  & BUILDING 
SUPPLIES  (B.C.)  LTD., 

3455  Bainbridge  Avenue,  North 
Burnaby,  (VANCOUVER)  B.C. 

Full  technical  details  and  other 
Information  are  contained  in  our 
Catalogue,  available  free  on  request 
from  any  of  the  above. 


CINCH 

ANCHORS 

"STRONGER  THAN  THE  BOLT 


The  completely  reliable  expansion  Anchor 
for  bolts  3/T6"  to  3"  diameter 

Manufactured  In  Canada  solely  by 

CANADIAN  CINCH  ANCHORING  SYSTEMS 

LIMITED 

2095  Madison  Avenue,  Montreal 

Data  beek  — stress  tables  on  request 
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"mathematical  handbook  for  scientists  and  engineers. 

This  is  a comprehensive  reference  collection  of  mathe- 
matical definitions,  theorems  and  formulas  for  scientists, 
engineers  and  students,  including  both  undergraduate  and 
graduate  level  material.  Proofs  are  omitted,  and  related 
formulas  are  presented  in  concise  tables,  enabling  com- 
pact treatment  and  a special  arrangement  of  topics.  This 
special  arrangement,  within  each  chapter,  is  such  that  a 
terse,  connected  review  of  each  subject  is  accomplished. 
Numerous  references  also  are  given  to  provide  access  to 
other  material  for  more  detailed  studies.  Six  appendices 
contain  numerical  tables,  tables  of  integrals  and  Fourier 
expansions,  and  other  useful  data.  (G.  A.  Kom  and  T.  M. 
Korn.  Toronto,  McGraw-Hill,  1961.  943p.,  $23.00.) 

"boundary  layer  and  flow  control. 

This  work  contains  contributions  by  38  authorities  and 
encompasses  the  entire  field  of  the  subject.  Its  various 
sections  cover  the  history  of  boundary  layer  and  flow  con- 
trol research  in  various  countries;  boundary  layer  and  flow 
control  to  prevent  separation  and/or  increase  lift  in  sub- 
sonic flow;  boundary  layer  control  for  low  drag  in  subsonic 
flow;  and  shock-induced  separation  and  its  prevention  by 
design  and  boundary  layer  control.  Emphasis  is  on  engi- 
neering applications.  (G.  V.  Lachmann.  Oxford,  Pergamon, 
1961.  2 vols.  $35.00.) 


GUIDE  POUR  LA  PRATIQUE  DES  RELATIONS  PUBLIQUES. 

Translated  from  the  English  edition  published  by  the 
British  Institute  of  Public  Relations,  the  text  has  been 
adapted  for  French  readers.  It  is  a guide  to  public  rela- 
tions for  companies  and  other  organizations,  and  com- 
mences with  a definition  of  public  relations,  their  aims  and 
functions  and  problems.  Following  chapters  cover  public 
opinion;  media,  press,  photographs,  radio,  television, 
movies,  exhibitions,  etc.;  public  relations  in  the  govern- 
ment, both  central  and  local;  public  relations  for  profes- 
sional organizations.  (Paris,  Dunod,  1961.  374p.,  48  NF.) 

MANUEL  d’aNTICORROSION.  t.  1 
INTRODUCTION  A l’eSPRIT  DE  LA  TECHNIQUE 

d’anticorrosion. 

Intended  both  for  those  specializing  in  the  problems 
of  corrosion,  and  those  faced  with  the  problem  in  con- 
nection with  one  particular  project,  the  work  covers  both 
the  theory  of  corrosion  and  methods  of  combatting  it. 

This  first  volume  commences  with  an  outline  of  the 
causes  of  the  various  types  of  corrosion;  chemical,  atmo- 
spheric, water,  metal  fatigue,  and  wear;  corrosion  and 
atomic  energy.  Other  topics  covered  include:  passivity; 
cathodic  protection;  anti-corrosion  materials;  treatment  of 
industrial  water  supply. 

A .second  volume  will  deal  with  what  might  properly 
bo  called  the  technology  of  anti-corrosion.  (A.  J.  Maurin. 
Paris,  Eyrolles,  1961.  349p.,  61.80  NF.) 


STEEL  FRAME  DESIGN  EXAMPLES. 

Intended  primarily  for  students  at  an  iutcrnuxliatc 
level,  this  volume  .sliould  also  prove  useful  to  practising 
engineers.  It  is  a practical  treatiiK'iit  of  steel  frame  design 
using  the  latest  British  Godes  of  Practice.  As  the  reader 
is  a.ssuined  to  have  basic  knowledge  of  the  subject,  only 
a revision  is  given  of  elementary  design  principles,  and  the 
author  also  covers  briefly  .speeifieations,  choiee  of  .sections, 
and  cost  factors.  Most  of  the  book  consists  ol  a .serii's 
of  examples,  with  ealenlations  and  (h'laihxl  drawings  of 
various  types  of  industrial  buildings,  including  a multi- 
storey store,  a 60  foot  span  sIkxI  with  rigid-tyiK'  roof 
trus.ses;  a large-span  building  with  lattiei'  girders;  ;i  braced 
tower  supporting  a wati'r  tank.  (Ian  Hobb.  London,  GK'aver- 
Ilume,  1961.  215p.,  30/-.) 


. . . Stay  serviceable 
because  you 
change  the  parts 

Now  ...  a packaged  water  tube  boiler 
that  never  needs  complete  replacement. 
Reason.?  On  a Vapor  Modulatic*,  every 
part  from  coil  to  control  is  removable. 
You  change  only  the  part  you  need  . . . 
keep  the  Vapor  Modulatic*  serviceable 
for  a lifetime. 


VAPOR 

MODULÂTICS 


REMOVE  - REPLACE  - REDUCE  YOUR  COST 

Vapor  coils  are  entirely 
independent  of  the 
modulatic  system.  Aft- 
er years  of  use  . . . re- 
moveand  replace.  Your 
Vapor  Modulatic* 
stays  serviceable. 


Fast,  instant  steam  when  and  where  you  want  it.  It’s  the 
wtirld's  most  compact  power  package. 


■r?  zz 


VAPOP 


^ *Trod«*  Morks  R^gUtered 


VAPOR  HEATI 


LIMITED 


3955  COURTRAl  AVE. 


MONTREAL,  QUE. 
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Consulting  Services 


(JLlchMn  LIMITED, 

BURLINGTON.  ONTARIO 

Specializing  in  water  treatment,  petroleum 
inhibitors,  fuel  catalysts,  papermaking  chemicals 
and  allied  metallographic,  microbiological 
and  other  services. 


ASSOCIATED  ENGINEERING  SERVICES  LTD. 


Consulting  Engineers 


MUNICIPAL 


SANITARY 
INDUSTRIAL  STRUCTURAL 

Surveys,  Town  Planning,  Reports,  Supervision 


REGINA  EDMONTON  VANCOUVER 

1233  Winnipeg  St.  12225-105  Avenue  2256  West  12th  Avenue 


BEAUCHEMIN  — BEATON  — LAPOINTE 

CONSULTING  ENGINEERS 

Reports  • Estimates  • Design  • Construction  Supervision 
for  public  works,  municipalities,  and  industry 


6655  COTE  DES  NEIGES  ROAD 


MONTREAL  26,  CANADA 


REgent  I -8521 


CANADIAN  BRITISH  ENGINEERING 
CONSULTANTS 

Water  Supply  and  Purification 
Sewerage  and  Sewage  Disposal 
Treatment  of  Industrial  Wastes 
Harbour  and  Rivers  Engineering 

Toronto  19.  Ont.  Ottawa.  Ont.  Halifax,  N.S. 

3089  Bathurst  St.  46  Elgin  St.  513  Barrington  St. 

St.  John's  Nfld. 

191  Water  St. 


C.  D.  CARRUTHERS  & WALLACE, 
CONSULTANTS  LIMITED 


92  York  ville  Avenue 
Toronto  5 


Consulting  Structural  Engineers 


COODE,  BINNIE  & PREECE 

Consulting  Civil  Electrical  & 
Mechanical  Engineers 

Reports,  Designs,  Supervision,  Docks  & Harbours: 
Bridges:  Water  Supply  & Drainage:  Flood  Protection  6t 
Irrigation:  Sewerage  Schemes:  Hydro-Electric  & 
Thermal  Power. 

36  Roxborough  Apartments,  Ottawa  4,  Ontario 

Telephone:  Central  4-4674 


CRIPPEN  WRIGHT  ENGINEERING  LTD. 

Engineering  Consultants 

Investigations,  Designs,  Supervision 
Hydro  Electric  Developments,  Water  Supply  Projects 
Industrial  Structures,  Bridges,  Dams,  Electric  Power 

207  West  Hastings  Street  Vancouver.  Canada 


EDGAR  A.  CROSS  & ASSOCIATES 

Consulting  Engineers 

Q)  INDUSTRIAL  PLANT  DESIGN 

2510  YONCE  STREET,  TORONTO  HU.  1-1139 


Dilworth  Secord  Meagher  & Assoc. 

UMITED 

Consulting  Engineers 

SPECIAL  MACHINERY  & EQUIPMENT,  CONTROLS, 
RESEARCH  FACILITY  PLANNING,  TURBO  MACHINERY, 
NUCLEAR  ENGINEERING,  AIR  POLLUTION. 

Analyses  • Experimentation  > Design  • Supervision 


4214  DUNDAS  ST.  W. 


TORONTO  18,  ONTARIO 


V.  DOLMAGE  D.  D.  CAMPBELL 

Engineering  and  Mining  Geologists 
Foundations,  tunnels,  dam  sites,  ground  water 
and  mining. 

1119  Marine  Bldg.  Vancouver,  B.C. 

Telephone:  MUtual  5-9736 
5-0936 


J.  T.  DONALD  & CO.  LIMITED 

CHEMICAL  AND  ENGINEERING  SERVICES 
ANALYSTS  and  ASSAYERS 

1181  GUY  STREET,  MONTREAL,  QUE. 


ENGINEERING  SERVICES  LIMITED 
CONSULTANTS 

Water  Supply  and  Treatment 
Sewerage  and  Sewage  Treatment 
Municipal  Engineering 

SURVEYS  • REPORTS  • DESIGN 
Construction  Supervision 

P.O.  Box  564  Phone  94223 
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In  step  with 
expanding 
demands 
the  City  of 

WINNIPEG 

INSTALLED 

FIVE 

iBWt 

PUMPS 

The  Metropolitan  Corporation  of 
Greater  Winnipeg  carries  the  responsi- 
bility of  supplying  pure  water  to  the 
Cities  of  Winnipeg  and  St.  Boniface 
and  suburban  municipalities.  The 
water  flows  97  miles  from  Shoal  Lake 
to  the  city's  reservoirs;  from  that 
point  the  City  of  Winnipeg  disinfects 
and  pumps  the  water  to  its  distribution 
system  and  to  the  distribution  system 
of  ten  suburban  cities,  towns  and 
municipalities. 

To  assure  adequate  supply  and  pres- 
sure for  present  and  future  needs,  5 
B&W  pumps  were  installed  in  the 
modern,  unattended  W.  D.  Hurst 
Station  . . . here  a supervisory  and  auto- 
matic control  system  governs  pressure, 
flow  and  other  variables. 

For  information  about  pumps  'phone 
or  write  the  nearest  B&W  Office  . . . 
there's  a B&W  representative  qualified 
to  discuss  pumps  for  any  application. 


Illustrated:  One  of  the  dual  driven  B&W 
Pumps  in  the  W.  D.  Hurst  Station.  Two 
pumps  are  constant  speed  motor  driven, 
12,500  USGPM  capacity  at  165'  head.  The 
other  three  pumps  are  variable  speed;  dual 
driven  by  motors  (fluid  drive)  and  natural  gas 
engines;  8330  USGPM  capacity  at  165'  head. 


PUMP  & TURBINE  DIVISION 

BABCOCK- WILCOX  and  GOLDIE- McCULLOCH  LIMITED.  GALT.  ONTARIO 

MONTREAL*  TORONTO -CALGARY -VANCOUVER 
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Thequartersection  pattern  beingcon- 
structed  in  the  completely  equipped 
pattern  shop. 


Completed  quarter  section  pattern  on 
final  inspection  before  shipment  to 
steel  foundry  for  casting. 
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cutting  machine. 
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from  pattern  shop  to  finished  gears— handled  them  as  just  another 
routine  order.  The  only  basic  difference— these  gears  were  bigger. 

Gears,  whether  "giant  size”  or  "normal”  are  Hamilton  Gear’s  only 
business.  Their  complete  equipment,  engineering  facilities,  and  expe- 


Final  inspection  and  detail  check 
prior  to  release  for  shipment  to  the 
customer. 
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IN  THIS  ISSUE 


[n  his  paper,  “The  Hydraulic  Capacity  of  Large  Corru- 
gated-Metal Culverts”,  C.  R.  Neill,  Hydraulic  Engineer, 
Research  Council  of  Alberta,  describes  the  research  pro- 
gram and  field  experiments  carried  out  by  the  Bridge 
Branch  of  the  Alberta  Department  of  Highways.  This 
program  was  initiated  under  the  auspices  of  the  joint  High- 
way Research  Project  in  Alberta  including  the  Department 
of  Highways  of  the  province,  the  Research  Council  of 
Alberta,  and  the  Civil  Engineering  Department  of  the 
University  of  Alberta,  for  the  experimental  checking  of 
existing  hydraulic  design  information  and  also  for  a more 
convenient  form  of  presentation.  This  paper  also  describes 
the  development  of  a method  of  analysis  which  enables 
head-capacity  charts  to  be  produced  for  all  sizes,  lengths, 
and  slopes. 


“Factors  Involved  in  the  Design  of  a Canadian  Gangsaw” 
by  E.  N.  Parker,  m.e.i.c.,  contrasts  the  operation  of  saws 
used  in  lumber  production  in  Canada,  with  the  operation 
of  gangsaws  used  extensively  in  Europe  and  in  North 
America  under  different  operating  conditions.  He  discusses 
the  various  types  of  saws  available,  and  outlines  the  factors 
affecting  the  users’  choice  of  a saw.  Service  conditions 
affecting  the  design,  and  a description  of  the  components 
and  their  function  in  a typical  gangsaw  are  given.  The 
design  considerations  for  the  various  parts  of  the  saw  are 
reviewed  and  the  choice  normally  available  concerning 
the  selection  of  materials  and  the  placement  of  compon- 
ents is  outlined.  Power  sources  and  requirements  for 
operating  the  saw  are  also  mentioned. 


The  latest  revisions  to  the  concrete  and  reinforced  concrete 
rcciuircments  of  the  National  Building  Code  19fi0  are  dis- 
cussed in,  “Revision  of  the  Concrete  Section  of  the  National 
Ruilding  Code.” 

The  paper  reviews  briefly  the  history  of  standard  regula- 
tion on  concrete  in  Canada  and,  in  reviewing  the  latest 
rovi.sions  to  the  NBC,  points  out  those,  areas  in  which  lur- 
ther  study  is  needed.  Mark  Williams  Huggins,  m.e.i.c.,  I’ro- 
fos.sor.  Department  of  Civil  Engineering,  University  of  'l'or- 
outo,  received  an  M.A.Sc.  at  the  University  of  'roronto  in 
i 19.33.  Erom  graduation  until  1938  he  was  with  E.  P.  Muntz 
Ltd.  and  the  Dominion  Bridge  Company,  f’or  the  nc-xt  thret' 
years  he  was  a h'ctinxT  at  Queen’s  University.  I’rom  19  H 
to  the  present  lu;  has  bt'cn  assoeiati'd  with  the  Uni\crsit\' 
of  Toronto.  Mr.  Huggins  is  a partner  in  the  linn  ol  eonsnlt- 
ing  («ngineors  known  as  Morrison,  llc'rshlield,  Millman  and 
Muggins.  He,  is  a past  ehairman  (9  the  Toronto  Branch  ol 


E.I.e.  and  a past  councillor  of  E.I.C.  He  was  chairman  of 
the  Revision  Committee,  NBC  1960,  and  the  CSA  com- 
mittee on  prestressed  concrete.  William  Gordon  Plewes, 
M.E.I.C.,  co-author  of  this  paper,  is  Associate  Research  Offi- 
cer, Division  of  Building  Research,  of  the  National  Research 
Council,  Ottawa.  He  was  born  in  Manitoba  and  received 
his  early  education  there.  Following  two  years  in  the  Ac- 
counting Department  of  the  Canadian  Pacific  Railway  and 
four  years  in  the  RCAF,  Mr.  Plewes  obtained  his  B.Sc.  in 
Civil  Engineering  from  the  University  of  Manitoba  in  1949 
and  M.  Appl.  Sc.  from  Queen’s  University  in  1954.  From 
1949  to  1952  he  was  engaged  in  the  design  of  bridges  and 
buildings  with  the  Canadian  National  Railways,  and  from 
1952  to  1954  was  lecturer  at  the  Royal  Military  College, 
Kingston,  Ont.  Mr.  Plewes  joined  the  Division  of  Building 
Research  of  the  National  Research  Council  in  1954  and  has 
since  been  engaged  in  structural  research. 


In  recent  years  it  has  become  essential  to  consider  random 
variables  in  the  design  of  many  engineering  systems,  with 
consequent  modification  of  classical  design  procedures 
which  were  based  upon  steady-state,  sinusoidal  or 
transient  inputs.  J.  H.  Milsum,  Head  of  the  Analysis 
Section,  Division  of  Mechanical  Engineering',  National 
Research  Council,  in  Ottawa,  discusses  this  in  his  paper 
“Treatment  of  Random  Variables  in  Engineering  Design”. 
Most  natural  signals  affecting  engineering  systems  are 
partially  random.  In  control  systems,  the  randomness  is 
propagated  around  a clo.sed  loop.  AnaKtic  design  is  pos- 
sible for  linear  .systems  but  in  the  more  realistic  non-linear 
case  approximate  methods  are  rccinired  unless  solution  is 
made  by  computer.  For  engineering  pnrpo.ses  there  are 
two  es.sential  measures  of  stationary  random  signals— the 
amplitude  probability  density  (.\PD)  and  the  power  spectral 
density  (PSD)  or  its  Fourier  transform,  the  anto-cor- 
relation  function.  Some  commonly  encountered  .M’D's 
are  presented  in  the  paper,  PSD’s  are  introduced  and  the 
mathematical  relation  for  filtering  of  PSD’s  by  dxnamie 
systems  is  ilisens.sed.  The  experiinentalK-determined 
charaeteristies  of  sexeral  natural  signals  are  ili.senssed. 


ERR.\T.\ 

lecimieal  papi-r  entitled  "Svivage  Stabilization  Ponds 
for  the  ('ily  of  Saskatoon"  In  1).  R.  Stanlex  .nul  K.  .1.  Cole 
which  was  published  in  the  Jannarx.  1962,  issue  ol  the 
Engineering  Journal  xxas  omitted,  in  error.  Irom  the  Index 
Pag('  of  th('  Journal.  We  regret  this  omission  and  apologize 
for  anx’  embarrassnumt  it  might  h.ixe  caused  the  .nitlu'rx. 
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Shoien  is  the  inst(dlation  of  an  IS-fool  diameter  eorrngaled-metal  eulrert  being  installed  at  Sfe.  Rose.  Que- 
bee,  on  the  l.aiirentian  .\utoroute.  {Photo  eourtesy  .\rineo  Ptrainage  ù Metal  Products  of  Catiada  ltd. 
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HYDRAULIC  CAPACITY  OF 
ARGE  CORRUGATED  METAL  CULVERTS 


C.  R.  Neill,  M.E.I.C., 

Hydraulic  Engineer,  Research  Council  of  Alberta 


Presented  at  the  75th  E.I.C.  Annual  General  Meeting,  Vancouver,  May  1961. 


■ N DESIGNING  corrugated-metal 
. culverts,  engineers  customarily 
se  either  the  slope-capacity  charts 
ublished  in  the  handbook  of  the 
lading  manufacturer,  or  the  head- 
apacity  nomographs  issued  by  the 
J.S.  Bureau  of  Public  Roads.  Both  of 
lese  sources  of  design  information 
ave  certain  deficiencies,  and  are 
pt  to  be  used  indiscriminately  for 
roblems  to  which  they  are  not  really 
pplicable.  Believing  that  there  was 
ecd  for  experimental  checking  of  ex- 


Fig.  1.  Typical  culvert  details 
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isting  hydraulic  design  information, 
and  also  for  a more  convenient  form 
of  presentation,  the  Bridge  Branch  of 
the  Alberta  Department  of  Highways 
recently  initiated  a research  program 
into  the  problem,  undertaken  under 
the  auspices  of  the  Joint  Highway  Re- 
search Project  in  Alberta,  which  in- 
cludes the  Department  of  Highways 
of  the  province,  the  Research  Gouncil 
of  Alberta,  and  the  Givil  Engineering 
Department  of  the  University  of 
Alberta  as  participating  bodies.  This 
paper  describes  the  field  experiments 
carried  out  to  date,  and  the  develop- 
ment of  a method  of  analysis  which 
enables  head-capacity  charts  to  be 
l)roduc(‘d  for  all  sizes,  lengths,  and 
slopes. 


Theory 

Sketches  of  a typical  highway  cul- 
vert, and  of  various  types  of  inlet 
which  are  either  in  common  use  or 
have  been  proposed  by  research  in- 
vestigators, are  shown  in  Fig.  1. 

The  discharge  through  a culvert 
with  a free  outlet,  i.e.  where  the 
tailwater  is  sufficiently  low  to  have 
no  retarding  effect  on  the  flow  inside 
the  cnlvert,  is  detennined  primarily 
by  the  headwater  depth  (H)  and  by 
the  size  and  shape  of  the  inlet.  If 
the  discharge  is  determined  by  these 
factors  alone,  the  culvert  is  said  to  be 
operating  under  “inlet  control”.  It 
has  generally  been  assumed  for  de- 
sign purposes  that  most  highway  cul- 
verts operate  in  this  way,  and  within 


Fig.  2.  Experimental  culvert  (structural  plate  corrugated  metal) 


This  |)iiper  was  prepared  for  presentation  a sear  ago.  .Since  that  time  a great  deal  of  extra 
work  has  been  done,  and  the  results  now  are  inueh  more  complete. 
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certain  limits  this  is  not  far  from  the 
truth.  However,  a culvert  can  only 
operate  with  inlet  control,  in  the  strict 
sense  as  defined  above,  if  its  slope 
exceeds  a certain  value,  usually  called 
the  critical  slope,  which  depends  on 
the  size  and  roughness  of  the  culvert, 
and  also  on  the  discharge.  Slopes  less 
than  the  critical  slope  are  called  mild, 
and  slopes  greater  than  critical  are 
called  steep.  If  a culvert  is  on  a 
mild  slope,  frictional  resistance  in  the 
barrel  has  a retarding  influence  on 
the  discharge,  an  influence  which  in- 
creases with  increasing  length  and 
roughness  of  the  barrel. 

For  fairly  smooth  pipe,  such  as 
concrete  pipe,  the  critical  slopes  are 
quite  small  in  the  practical  design 
range  of  sizes  and  discharges,  and 
are  generally  exceeded  in  highway 
practice.  The  experiments  to  be  de- 
scribed have  shown,  however,  that 
large  corrugated-metal  culverts  are 
generally  installed  on  mild  slopes,  and 
that  barrel  friction  should  be  taken 
into  account  in  determining  tbeir 
capacity.  Neither  the  two  sources  of 
design  information  previously  men- 
tioned, nor  the  many  culvert  research 
publications  available  from  American 
sources,  gave  a detailed  metbod  for 
analysing  this  type  of  flow.  Figures 
for  the  roughness  coefficient  of  cor- 
rugated structural  plate,  which  is 
generally  used  for  culverts  exceeding 
5 ft.  diam.,  also  seemed  to  be  lack- 
ing. 

It  has  usually  been  observed  in 
practice  that  culverts  with  free  out- 
lets do  not  flow  full,  but  behave  as 
open  channels  over  at  least  part  of 
their  length.  Laboratory  experiments 


Fig.  3.  Experimental  culvert  — inlet  end 


with  small  model  culverts  of  smooth 
material,  however,  often  exhibit  the 
phenomenon  of  “priming”,  sometimes 
referred  to  also  as  “siphoning”,  by 
which  under  certain  conditions  the 
culvert  begins  to  flow  full  through- 
out its  length.  Priming  may  take 
place  on  mild  slopes  with  any  type 
of  inlet,  and  on  steep  slopes  with 
certain  types  of  inlet,  notably  the 
hood  and  the  bellmouth.  (Fig.  1.)  It 
has  often  been  assumed  by  research 
workers  that  the  same  phenomena 
would  occur  in  the  field,  but  in  the 
experiments  described  Irelow 


no 


Fig.  4.  Experimental  culvert  — outlet  end.  Slope  1%,  Discharge  150  c.f.s. 

? 

A.. 


success  was  obtained  in  trying  to  in- 
duce the  culvert  to  prime.  The  exact 
reason  for  this  was  uncertain,  but  air 
leakage  through  the  joints  was  prob- 
ably a contributing  factor.  Model 
experiments  at  the  University  of 
Alberta  have  suggested  that  corru- 
gated pipe  does  not  prime  so  readily 
as  smooth  pipe. 

Experimental  Installation 

The  experimental  culvert  consisted 
of  a 60  in.  diam.  corrugated-metal 
pipe  of  the  structural  plate  type,  i.e., 
a field-bolted  pipe  with  corrugations 
2 in.  deep  and  at  6 in.  pitch.  It  was 
80  ft.  long  and  was  installed  in  a 
natural  coulee  which  served  as  a spill- 
way channel  for  an  irrigation  canal. 
Through  the  courtesy  of  the  manage- 
ment of  the  Western  Irrigation  Dis- 
trict at  Strathmore,  Alta.,  it  was 
possible  to  divert  water  from  the  canak 
through  the  culvert  more  or  less  at 
such  times  and  in  such  quantities  as 
was  convenient  for  the  tests. 

Details  of  the  culvert  are  shown  in 
Figs.  2,  3 and  4.  It  will  be  seen  that 
it  was  possible  to  vary  the  slope  from 
zero  to  over  3%.  Piezometer  taps 
every  10  ft.,  connected  to  a bank  of  .’ 
manometers,  enabled  the  approximate 
water  surface  profile,  or  the  hydraulic! 
grade  line  in  the  case  of  full  flow, 
to  be  recorded.  The  discharge  was 
measured  by  means  of  a sharp-crested  ] 
rectangular  weir  located  a short  dis-jj 
tance  downstream  of  the  culvert. 
Headwater  and  taüwater  depths  were 
read  by  means  of  gauge  boards, 
attached  to  the  inlet  and  the  outlet  of  ij 
the  culvert.  '^i 
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Test  Program 

The  test  program  carried  out  in 
1960  was  not  quite  as  extensive  as 
had  originally  been  intended,  since 
the  installation  was  not  completed 
until  late  in  the  summer,  and  the  ir- 
rigation water  was  shut  off  a few 
weeks  later.  However,  about  40 
different  tests  were  made  at  various 
slopes,  at  headwater  depths  up  to 
more  than  8 ft.,  and  with  four  types 
of  inlet  — square  projecting,  bevel 
projecting,  bevel  flush,  and  hood. 
Some  photographs  of  the  tests  are 
shown  in  Figs.  4,  5 and  6. 

In  addition  to  tests  on  the  experi- 
mental culvert,  a few  readings  were 
obtained  on  two  84  in.  diameter  cul- 
verts of  similar  type,  located  on  the 
same  watercourse  some  distance 
downstream  of  the  experimental  site. 

A further  test  program  may  be 
carried  out  this  summer. 

Test  Results 

All  of  the  test  results  for  the  60 
in.  diameter  culvert  have  been  plotted 
on  Fig.  7 in  terms  of  headwater 
depth  (H)  against  discharge  (Q).  In 
the  diagram  as  reproduced,  no  at- 
tempt has  been  made  to  distinguish 
between  the  various  slopes  and  inlets, 
since  the  influence  of  the  several 
factors  is  not  easily  detected  on  this 
diagram.  Also  shown  on  the  diagram 
are  two  lines  representing  the  data 
given  by  the  manufacturers’  charts 
and  by  the  Bureau  of  Public  Roads 
nomograph.  It  will  be  noted  that 
practically  all  the  points  lie  above  the 


Fig.  6.  Experimental  culvert  — flow  inside  pipe.  Slope  3%,  Discharge  80  c.f.s., 
pipe  half  full 


two  lines,  i.e.,  they  indicate  higher- 
headwater  depths  for  a given  dis- 
charge, although,  except  at  the  higher- 
discharges,  the  deviation  from  the 
Bureau  of  Public  Roads  figures  is 
quite  small. 

In  r-nost  of  the  tests  a free  water- 
surface  prevailed  throughout  the  cul- 
vert. In  some  of  the  tests  with  high 
discharges  and  small  slopes,  the  cul- 
vert ran  full  at  the  inlet  and  for  some 
distance  downstream,  but  with  a free 
surface  towards  the  outlet  end. 
Analysis  has  shown  that  this  was  not 
a priruing  phenomenon,  but  can  be 
explained  by  open  channel  theory. 
Velocities  were  sub-critical  in  most 
of  the  tests,  brrt  around  critical  in  a 
few.  The  depth  of  flow  at  the  be- 
ginning of  the  outlet  bevel  (Fig.  2) 
was  always  very  close  to  the  critical 
depth,  e.xcept  in  a few  of  the  tests 
at  low  discharges  on  a 3%  slope, 
when  the  tailwatcr  depth  exceeded 
the  critical  depth. 

Fig.  8 show  s a uon-dimeusional  plot 
of  the  test  results  for  the  scpiare  pro- 
jecting and  bevel  Hush  inlets,  on 
slopes  of  1%  and  higher,  together 
with  a curve  iniblishcd  by  Schiller^ 
as  a rc'snll  of  ti'sts  on  5 in.  diameter 
sinootli  modi'ls  witli  the  same  tvpes 
of  inU't.  (Both  luoch'I  and  licld  ti'sts 
showc'd  praclii-ally  no  vliffercnce  in 
the  perlormanei'  of  these  two  inlets.) 
It  is  lelt  that  the  closi'  agreement 
betwi'cn  the  lic'KI  results  and  .Schiller's 
givt's  .1  good  elu’t'k  on  tlu'  lield  dis- 
eh.u'ge  nu'.isnri'nu'nts.  .Vt  11  H r.itios 
lielow  I t),  ami  on  slopes  ol  1'.  or 
higher,  the  eap.u'itv  ol  tlu'  largi'  t'ul- 
vc'it  is  not  .ilfi'cti'd  uotieeablv'  In 
frietiou.  (as  \\  ill  be  seen  l.iter  In- 


examining  the  design  charts.  Figs. 
12  and  13),  so  that  a non-dimensional 
plot  should  show  very  close  agi-ee- 
ment  with  models.  The  Bureau  of 
Public  Roads  curve  shown  on  Fig.  7 
is  practically  identical  with  Schiller’s 
when  plotted  non-dimensionally. 

Analysis  of  Results 

Where  approximately  uniform  flow- 
occurred  throughout  the  pipe,  the 
roughness  coefficient,  i.e..  Manning’s 
“n”,  was  calculated  directly  from  the 
observed  depth  of  flow  and  the  dis- 
charge. Where  non-uniform  flow'  oc- 
curred, trial  backw-ater  calculations 
were  made  w'ith  different  v'alues  of 
n,  until  the  calculated  and  observ-ed 
w'ater  surface  profiles  show-ed  close 
agreement.  Most  of  the  n v-alues 
obtained  were  in  the  range  from 
0.030  to  0.040,  with  an  av'erage  from 
all  tests  of  0.033.  In  view  of  the 
scatter,  perhaps  not  too  much  weight 
should  be  attached  to  the  a\-erage 
\-ahic,  but  the  true  value  is  thought 
to  be  almost  certaiuR-  in  excess  of 

0. 030.  It  is  possible,  howe\-er,  that 

measurements  at  uniform  depth  in  a 
longer  pipe  would  give  somewhat 
lower  values  than  these  tests.  Since 
recent  experiments'-^  have  established 
11  0.024  for  large  standard  corru- 

gatevl  pipe  with  eorrugatious  only 

in.  deep,  the  test  results  are  not 
loo  surprising. 

U M.umiugs  u is  known,  .uid  tlu- 
disch.uge  given.  .i  step  b.U'kw.it>-r 
e.ileul.itiou  eu.ibles  the  wator  surf.ue 
profile  to  be  drawn  for  any  v-ulverl 
on  .1  mild  slope.  11  tlu'  outlet  is  “t:--  e , 

1. e..  if  the  tailwater  depth  is  Kss 
th.ui  i rilie.il  deftth  I n'  the  pu->-'.  ‘1- ' 
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water  surface  must  pass  through  criti- 
cal depth  at  the  outlet.  The  critical 
depth  can  be  calculated  for  the  given 
discharge  (tables  to  facilitate  tliis  be- 
ing available  for  cii'cular  pipe),  and 
the  step  calculations  started  at  the 
outlet,  and  continued  until  the  calcu- 
lated profile  reaches  the  inlet  end.  If 
the  calculated  profile  hits  the  roof  of 
the  culvert  downsti-eam  of  the  inlet, 
the  culvert  must  run  full  upstream  of 
this  point;  the  hydraulic  gradient  for 
full  flow  can  then  be  calculated  and 
produced  until  it  reaches  the  inlet 
(Fig.  9.) 

By  this  means  the  elevation,  either 
of  the  water  snrface  or  of  the 
hydraulic  grade  line  just  downstream 
of  the  inlet,  is  obtained.  To  obtain  the 
elevation  of  the  headwater  pond, 
which  is  the  desired  figure,  a gap 
still  has  to  be  bridged.  In  passing 
from  the  headpond  to  the  culvert 
barrel,  the  water  converts  potential 
energy  (or  static  head)  to  kinetic 
energy  (or  velocity  head),  and  loses 
energy  due  to  turbulence  caused  by 
the  shape  of  the  inlet.  The  difference 
in  elevation  between  the  headpond 
and  the  water  surface  or  hydraulic 
grade  line  inside  the  pipe,  which  we 
shall  call  the  “entrance  drawdown”-, 
therefore  represents  kinetic  energy  + 
energy  loss  (Fig.  9).  In  order  to  com- 
plete the  calculation  it  is  necessary 
to  have  a reliable  means  of  estimat- 
ing the  entrance  drawdown,  and  re- 


course must  be  made  to  experimental 
data. 

In  attempting  to  analyse  the  test 
results,  the  writer  soon  concluded  that 
it  was  futile  to  try  to  separate  the 
energy  conversion  and  the  energy 
loss,  as  most  previons  investigators 
have  tried  to  do.  (One  reason  for  this 


is  that  the  kinetic  energy  cannot  be  Ü 
taken  simply  as  eqnal  to  V“/2g,  but 
should  include  a “kinetic  energy  cor-  ü! 
rection  factor”,  which  depends  on  the 
velocity  distribution,  which  was  un-  O- 
known.)  The  writer  felt  that  the  only  >( 
practical  course  was  to  express  the  P 
entrance  drawdown  in  terms  of  the  Ü 

tl 

SI 


Fig.  8.  Experimental  results  compared  with  Schiller’s  model  results  (square  projecting  or  bevel  flush  inlet) 
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v'elocity  head  just  downstream  of  the 
inlet,  since  the  latter  quantity  would 
be  known  in  any  particular  case  from 
the  backwater  calculation.  If  we  call 
die  entrance  drawn  hp^  (since  other 
writers  have  used  hg  for  the  entrance 
loss),  we  get  the  equation 
h|d  = K.E.  + energy  loss  = 
'kVeV2g 

where  k is  a numerical  factor,  which 
we  shall  call  the  entrance  drawdown 
coefficient. 

' Experimental  evidence  shows  that 
k is  not  a constant  for  any  given 
shape  of  inlet,  but  increases  as  the 
headwater  depth  rises,  at  least  with- 
in limits.  Fig.  10  shows  the  values  of 
k calculated  from  the  tests,  plotted 
against  Q/D^/^.  Although  there  is 
considerable  scatter,  the  points  sug- 
gest that  k rises  from  1.0  at  zero 
discharge  to  a limiting  value  at  high 
discharge,  which  for  the  square  pro- 
ijecting  inlet  seems  to  be  about  2.2. 
If  the  entrance  loss  coefficient  for  full 
flow  (for  this  type  of  inlet)  is  taken 
as  0.9,  as  found  by  several  investi- 
gators, the  corresponding  value  of  the 
kinetic  energy  correction  factor  would 
be  1.3,  which  is  believed  to  be  reason- 
able for  corrugated  pipe. 

It  is  recognized  that  the  plotting 
of  k against  Q/D^/^  has  little  theoret- 
ical justification,  and  that  the  data 
presented  on  this  point  are  very 
limited.  More  experimental  and 
theoretical  work  is  required  to  give  a 
sound  basis  for  predicting  k.  How- 
ever, the  pattern  of  flow  at  a culvert 
inlet,  as  Fig.  5 demonstrates,  is  ex- 
tremely complex,  and  it  is  very  doubt- 
ful if  a rigorously  correct  theory  can 
be  developed,  taking  into  account  the 
three-dimensional  nature  of  the  flow, 
its  curvature,  pressure  distribution, 
and  velocity  distribution.  The  use  of 
Q/D"’/-  as  parameter  enables  the  eal- 
culation  of  headwater  depth  for  a 
known  discharge  to  be  completed, 
by  taking  a value  of  k from  Fig.  10. 

Preparation  of  Design  Cliarts 

based  on  tlie  method  of  analysis 
outlined  above,  design  charts  liave 
been  prepared  for  a 60  in.  diameter 
si  met  oral  i)late  culvert  with  a sejuare 
l)roj('eting  inlet,  on  slopes  of  0,  1%, 
2%,  and  3%  for  lengths  of  70  ft., 
150  It.,  ami  300  ft.,  and  at  headwater 
(h'pths  of  lip  to  15  ft.  .\  sample 
ealeiilation  is  giv('n  in  h’ig.  II,  and 
tlu'  charts  are  r('produe('d  as  I'igs. 
12  and  13.  Tlu'  expinimental  r('sults, 
where  applieabh',  fall  almost  ('xaetK 
on  the  enr\('s  for  the  70  ft.  li'iigth. 

It  may  hi'  noted  that  in  the  sample 
ealeiilation.  Manning’s  n was  t.il  en 
as  0.035,  the  averagi'  figure  from  .ill 
the  tests.  The  writer  would  not  ,it- 
tempt  to  assert  that  this  is  iieeess.niK 
the  true  \ahii'  for  the  pipe  in  ipies- 
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2, 


hé  =''enti 

= k Ve^Cg 

Fig.  9.  Operation  of  culvert  with  free  outlet  on  mild  slope 


Fig.  10.  Experimental  values  of  entrance  drawdown  coefficient  k 
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tion,  since  the  field  tests  were  not 
set  up  to  measure  n accurately,  but 
to  determine  discharges.  The  use  of 
a value  of  0.035  in  the  method  of 
calculation  presented  here,  does  how- 
ever give  answers  which  agree  with 
experiment,  and  is  felt  to  be  justified 
on  that  account. 

It  is  hoped  to  produce  ultimately 
similar  charts  for  all  sizes  of  pipe 
and  pipe-arch  in  common  use.  It  is 
believed  that  these  charts  will  be 
more  accurate  and  more  convenient 
to  use  than  anything  which  has  been 
published  previously.  They  will  pro- 
vide not  only  a means  of  designing 
large  culverts  with  assurance,  but 
also  of  closely  estimating  stream  flood 
discharges  from  observations  of  cul- 
vert water  levels. 
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Fig.  11.  Sample  Calculation  Showing  Method  of  Deriving  Design  Charts 

Given:  Dia.  D = 5',  Discharge  Q = 120  c.f.s.,  Manning’s  n = 0.035 
Invert  slope  Sa  = 1%  = 0.010 
Then  = 56  and  = 2.14. 

Assume  K.E.  correction  factor  a = 1.3. 

Critical  depth  ratio,  from  tables,  = 0.625. 

Corrected  critical  depth  dc  = 0.625  X 5 X"\/l.3  = 3.4'. 

/ Qn  \ 

By  Manning’s  formula,  friction  slope  Sf  = j ^ = ’^•^V(AK2/3.)2 

aV^. 

Energy  of  flow,  Ef  = depth  -f  velocity  head  = d -f-  ^ 

AEf 

aFV2g  = 1.3QV2(/A2  = 291/A2.  aL  = 


Backwater  Calculation: 


d 

A 

R 

Rin 

ocV^  I2g 

ES 

AEf 

Sf 

Sf-So 

AL 

L 

3.4 

14.2 

1.46 

1.29 

1.44 

4.84 

3.8 

16.0 

1.51 

1.32 

1.14 

4.94 

0.10 

0.0178 

0.0078 

13 

13 

4.1 

17.2 

1.52 

1.32 

0.98 

5.08 

0.14 

0.0154 

0.0054 

26 

39 

4.4 

18.3 

1.50 

1.31 

0.87 

5.27 

0.19 

0.0138 

0.0038 

50 

89 

4.6 

18.9 

1.46 

1.29 

0.81 

5.41 

0.14 

0.0134 

0.0034 

41 

130 

4.8 

19.4 

1.41 

1.26 

0.77 

5.57 

0.16 

0.0133 

0.0033 

48 

178 

5.0 

19.6 

1.25 

1.16 

0.75 

5.75 

0.18 

0.0153 

0.0053 

34 

212 

From  Fig.  10,  entrance  drawdown  coefficient  k 

= 1.9. 

Culvert  Length  L 

= 70'; 

de  = 

4.3' 

Ve^/2g 

= 0.69' 

Headwater  depth  H = 

4.3  + 1.9  X 0.69 

= 5.6' 

L = 150' 

de  = 

4.7', 

Ve^/2g 

= 0.61 

H = 

4.7  + 1.9  X 0.61 

= 5.9' 

L = 300'  Length  flowing  full.  If  = 300'  — 212'  = 88' 

lf{Sf  - So)  = 88  X Ô.0053  = 0.47'  Ve^/2ff  = 0.58' 
H = 5.47'  -h  1.9  X 0.58  = 6.6'. 
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f I 1 1 Ita.sic  lypt'.s  ol  .saw  s arc 

A us(hI  lor  prodticiii.t;  limiltcr  in 
(’anatla,  tlu'  (.■ircular,  llu'  Itaiul  and 
dto  nanji  or  N'ortical  Irami'  saw.  I'au'li 
saw  has  ils  place  in  the  sawmill  hnt 


il  wonld  appi'ar  that  lln'  nsi'  ol  the 
lirst  two  l\pcs.  in  iIk'  past,  has  o\cr- 
shadowi'd  tin'  third  in  most  mills. 

rh('  j^angs.iw,  howiwcr.  in  recent 
years  has  lu'come  more  iiopnlar.  dm' 


to  the  fact  that  it  nsnalK  leqniri  s 1<  ss 
lahotir  to  saw  a jiiva'n  xoliime  of  logs, 
cuts  a smaller  kerf  and  mor<'  .uiiir- 
ati'K  dimensioneil  hmiher.  Its  m.tjor 
disadvantage  is  that  il  ns<'d  I'lr 
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mary  breakdown,  it  does  not  permit 
turning  of  the  log  to  get  the  best 
grade  yield.  These  points  will  be  dis- 
cussed in  detail  in  their  place. 

V ertical  frame  saws  of  a crude  vari- 
ety, driven  by  hand  or  water  power 
have  been  in  use  for  centuries.  The 
modern  variety  of  saw,  now  powered 
by  electricity,  internal  combustion  or 
still  occasionally  by  steam  engine, 
was  first  built  in  Great  Britain  more 
than  100  years  ago.  Its  development 
lagged  there  and  the  German,  Scan- 
dinavian and  other  continental  coun- 
tries advanced  their  designs  and  took 
over  much  of  the  market.  American 
designed  saws  have  been  sold  for 
many  years  and  more  recently  Gana- 
dian  designed  machines  have  been 
available. 

The  European  market,  for  which 
the  Continental  gangsaws  were  origi- 
nally manufactured,  operates  in  a 
different  way  from  its  usual  North 
American  counterpart.  Most  timbei 
available  for  cutting  is  second  growth 
of  relatively  small  size  by  our  West- 
ern standards.  Due  to  a limited  sup- 
ply, strict  government  regulations  re- 
garding the  amount  of  cutting  and 
waste  tolerated  are  enforced. 

The  logs  are  sorted  carefully  in  a 
pond  for  size  and  type  before  cutting 
and  in  general  are  fed  to  the  gang- 
saw,  as  logs,  in  batches  of  similar 
dimension  and  material.  By  adjusting 
the  blade  spacing  to  suit,  before 
starting,  the  dimensions  of  the  lumber 
sawn  can  be  tailored  to  the  size  of 
log  being  used  during  the  shift. 

Sawmills  in  Europe,  as  on  this  con- 
tinent, exist  in  all  sizes,  from  the  very 
smallest,  with  just  one  simple  saw, 
to  the  very  largest,  containing  many 
saws  and  employing  hundreds,  in  well 
constructed  permanent  buildings. 

In  North  America  and  in  particular, 
in  Canada,  a wide  variety  of  timber 
is  found.  There  is  still  a large  amount 
of  virgin  growth  available,  although 
it  is  receding  to  remoter  areas,  year 
by  year,  with  the  result  that  second 
and  subsequent  generation  timber 
now  is  being  utilized  in  many  parts 
of  the  country. 

The  Canadian  sawmill  industry  and 
also  the  American,  differs  in  one 
marked  way  from  the  European,  in 
that  there  is  very  little  government 
control  of  the  milling  process.  The 
timber  cutting  rights,  in  many  in- 
stances, have  been  obtained  from  the 
provincial  governments  and  the  usual 
controls  are  those  ensuring  sustained 
yield  forestry,  which  covers  selective 
cutting  and  reforestation. 

North  American  sawmill  practice 
differs  from  the  European  also  in  that 
there  is  usually  very  little  sorting  of 
the  timber  as  to  size  or  type  before 
sawing.  Unless  the  mill  has  a rela- 


tively small  tract  or  is  cutting  on  a 
sustained  yield  basis,  maximum  pro- 
duction is  the  goal.  The  logs  are 
brought  into  the  mill  in  any  range 
of  sizes  that  may  exist  in  the  pond  or 
storage  yard.  The  more  widely  sep- 
arated types  of  timber  are  normally 
segregated  and  sawn  independently 
in  most  mills,  however. 

Two  types  of  gangsaw  milling  are 
popular  in  North  America.  There  is 
some  cutting  of  timber  directly  from 
logs,  as  in  European  practice  but 
much  more  is  processed  as  cants, 
which  are  square  or  rectangular  tim- 
bers. These  cants  are  produced,  either 
directly  from  the  smaller  logs  by  slab- 
bing them  on  two  sides  in  a two  saw 
gangsaw  or  on  two  or  four  sides  in  a 
conventional  circular  or  band  head- 
saw.  Gants  may  also  be  available  as 
the  residue  from  cutbng  a large  log 
to  secure  the  maximum  amount  of 
high  grade  lumber. 

One  of  the  outstanding  features  of 
North  American  sawmilling,  from  the 
beginning,  has  been  its  migratory 
chantcter.  Mills  would  operate  in  one 
region,  until  the  virgin  timber  was 
exhausted,  then  move  to  another  un- 
cut district.  Transportation  of  the  logs 
had  much  to  do  with  the  practice, 
with  the  result  that  it  was  only  on 
tidewater  or  on  the  great  rivers  where 
large  mills  still  continue  to  operate. 

The  tree  faim  system  is  helping  to 
change  this  situation  today  with  the 
result  that  more  permanent  mill  in- 
stallations should  develop. 

A great  number  of  the  migrator\’ 
small  mills  still  exist,  however,  and 
they  will  probably  continue  to  carry 
on  for  some  time.  The  simplest  mill 
for  this  type  of  operation  is  equipped 
with  a circular  head  saw  and  a car- 
riage, driven  by  a diesel  or  gasoline 
engine,  which  may  all  be  mounted 
on  a heavy  trailer  ready  to  be  moved 
every  few  months.  At  the  other  end 
of  the  scale  is  the  operater  with  a 
semi-peimanent  complete  mill  instal- 
lation, including  both  a circular  or 
band  head  saw  and  a gangsaw 
housed  in  a wood  or  steel  framed, 
galvanized  iron  or  aluminum  sheathed 
building.  The  machinery  is  supported 
on  timber  as  much  as  possible  but 
where  necessary,  on  reinforced  con- 
crete. These  are  kept  to  the  minimum, 
as  all  foundations  are  abandoned 
when  the  mill  is  moved. 

All  sawmills  are  operated  to  make 
money  for  their  owners.  To  do  this 
the  mills  must  be  operated  to  yield 
the  maximum  amount  of  lumber,  of 
the  highest  possible  quality  from  the 
timber  available,  with  the  minimum 
labor  force.  In  a gangsaw  equipped 
sawmill,  eaoh  of  these  three  condi- 
tions may  be  satisfied. 

With  the  elementary  circular  saw, 


1 

a wide  kerf  ana  some  uncertainty  of  r 
the  thickness  of  lumber  cut  results. 

The  bandsaw  cuts  a narrow  kerf  but  t 
thickness  of  the  lumber  is  still  not  too  j. 
accurate.  In  each  case  the  saw  car-  ' 
riage  must  be  moved  through  a com-  i: 
plete  return  travel  cycle  for  each  : ;■ 

plank  cut.  3 

The  gangsaw,  however,  cuts  a nar-  ^ 
row  kerf  and  very  accurate  lumber  i, 

thickness  with  the  result  that  the  a; 

amount  left  for  planing  can  be  re-  t 
duced  to  a minimum.  This  gives  an  sj 
overcut  above  the  board  feet  of  lum-  o; 
ber  available  from  the  timber  sizes  tt 
given  in  the  standard  tables.  cl 

The  price  paid  for  lumber  on  the  t 
basis  of  quality  has  a bearing  on  the  s; 

method  of  sawing  though,  so  that  c. 

even  if  the  gangsaw  were  large 
enough  to  accommodate  the  whole  p 
log,  it  might  not  be  the  most  eco-  a 
nomic  way  of  cutting  it.  i 

With  the  larger  logs,  the  outer  por-  ' o 
tion  can  be  sawn  to  give  higher  grade  ji 
lumber  if  the  log  is  rotated  between  ( 

cuts.  This  cutting  is  usually  done  by  t 

a circular  or  band  head  saw.  A typi-  f e 
cal  cross-section  of  a fir  log  noting  p 
the  cuts  is  shown  in  Fig.  1.  To  cut  it  i i 
in  this  way,  the  sawyer  can  control  ! e 
the  thickness  either  manually  or  auto-  f t 
matically  and  also  rotate  the  log  be-  | 
tween  cuts.  The  result  is  a log  divided  : | 
up  into  individual  heavy  planks  and  | | 
cants.  These  are  then  passed  thi-ough  : ( 
a gangsaw  to  reduce  them  to  accur- 
ately sized  lumber  with  the  minimum 
of  waste.  If  the  gangsaw  opening  is  ] 
large  enough,  the  cants  or  planks  may 
be  stacked  side  by  side  or  on  top  of 
one  another  to  saw  the  maximum  vol- 
ume allowed  by  the  saw  opening, 
which  ensures  a high  rate  of  cut.  This 
overall  method  of  cutting  will  result  in 
a higher  return  than  if  the  log  had 
been  directly  passed  through  the 
gangsaw,  even  though  more  sawdust 
waste  is  incurred  in  the  cuts  made 
by  the  thicker  circular  saw. 

From  this  it  can  be  seen  that  the 
operator  of  a small  mill  using  a cir- 
cular or  band  head  saw  for  all  his 
cutting  can  adapt  a gangsaw  into  his 
production  line  to  improve  the  quality 
and  quantity  of  output. 

Gangsaws  are  made  in  a variety  of 
sizes.  The  large  permanent  mills  use 
saws  with  openings  3 to  4 ft.  wide 
with  heights  of  up  to  about  3 ft. 
These  machines  are  very  heavy,  with  ! 
weights  of  70,000  lb.  or  more  and  re- 
quire massive  foundations.  The  driv- 
ing motors  may  be  as  large  as  400  j 
h.p.  ! 

The  smaller  migratory  mills  use  i 
saws  with  openings  capable  of  taking 
logs  or  cants  about  2 ft.  wide  with 
heights  of  up  to  the  same  amount. 

The  saws  are  lighter  and  for  ease  of 
transportation  preferably  of  a con- 
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' struction  which  allows  them  to  be 
shipped  in  one  piece.  This  enables 
the  machine  to  be  set  up  with  the 
minimum  of  skilled  labor  and  time. 
Weights  of  these  saws  vaiy  with  size, 
the  usual  range  being  from  6,000  to 
16,000  lb. 

If  the  mill  is  used  for  sawing  logs 
directly  or  a combination  of  logs  and 
cants,  the  square  opening  saw  is  usu- 
ally chosen.  Where  cants  alone  are 
to  be  sawn,  the  rectangular  opening 
saw  may  be  selected,  the  height  being 
one  half  to  three  quarters  that  of 
the  width  as  the  cants  are  usually 
of  that  shape.  When  equipped  with 
twin  feed  rolls,  the  square  opening 
saw  may  be  preferred  as  the  cants 
can  be  stacked  to  fill  the  opening. 

To  achieve  a continuous  high  out- 
put is  the  goal  of  most  sawmill  oper- 
ators. This  operation  of  a mill  under 
continuous  production  pressure  is  one 
of  the  factors  which  has  the  greatest 
influence  on  the  design  of  a saw  for 
Canadian  conditions.  There  is  little 
time  for  shutdown,  except  on  week- 
ends, as  every  hour  down  during  the 
production  period  can  mean  a loss  of 
revenue.  Most  mills  run  on  a single 
eight  hour  shift  but  others  maintain  a 
two  or  even  a three  shift  operation. 

Preventive  maintenance  and  good 
lubi'ication  can  do  much  towards 
keeping  the  saw  running  properly 
during  the  working  day.  The  design- 


er, however,  has  to  do  his  best  to 
make  the  saw  operate  under  condi- 
tions where  neither  of  these  items  is 
given  the  attention  it  deserves. 

In  many  mills  the  gangsaw  and 
other  equipment  is  operated  continu- 
ously for  four  hours,  is  shut  down 
for  the  half  hour  lunch  break,  then 
is  run  steadily  for  the  remaining  four 
hours  of  the  shift.  In  the  half  hour 
break,  the  maintenance  man  and 
helper  must  change  most  of  the  saws 
for  resharpened  ones  and  grease  and 
oil  all  the  equipment  in  the  mill  as 
best  they  can.  There  is  little  or  no 
opportunity  to  carry  this  out  while 
the  mill  is  running,  due  to  the  move- 
ment of  the  timber  through  all  parts 
of  the  mill.  Some  mills  have  made  a 
practice  of  shutting  down  after  two 
hours  of  operation  for  additional  lubri- 
cation, which  pays  off  in  reduced 
wear  and  longer  life  of  the  rubbing 
parts. 

Where  sliding  bearing  surfaces  are 
used,  reservoir  grease  fittings  or  oil 
reservoirs  and  pumps  are  supplied  to 
extend  the  supply  of  lubricant.  The 
use  of  rolling  bearings,  which  can  be 
packed  with  lubricant  for  a lengthy 
period  of  operation,  has  also  spread. 
These  bearings  must  be  well  sealed  to 
prevent  the  entry  of  sawdust  and 
preferably  be  equipped  with  housings 
which  allow  the  grease  added  by 
fittings  to  pass  through  the  bearing 


Fig.  1.  Diagram  of  a typical  fir  log  illustrating  where  the  various  products  originate. 


and  out  the  seals,  thereby  flushing 
the  dust  away. 

For  this  reason  too,  attention  must 
be  given  to  the  lubricants  recom- 
mended, especially  on  open  rubbing 
surfaces.  An  oil  which  becomes  gum- 
my with  use  tends  to  pick  up  the 
sawdust  and  cause  blockage  of  the 
lubrication  grooves  and  passages.  A 
free  flowing  oil  helps  to  wash  away 
deposits  on  flat  vertical  guide  sur- 
faces. Different  winter  and  summer 
grades  of  the  oil  may  be  necessary  to 
ensure  fluidity  at  all  times. 

Before  describing  the  various  fea- 
tures of  gangsaw  design  it  would  be 
as  well  to  examine  the  usual  parts 
and  their  functions  in  a typical  saw. 
These  and  the  remarks  that  follow 
about  design  refer  principally  to  the 
medium  and  smaller  size  Canadian 
built  semi-portable  saw.  Typical 
types  are  illustrated  in  Figs.  2,  3. 

The  individual  saws  are  mounted 
in  a vertical  frame.  This  frame  moves 
up  and  down  on  shoes,  attached  to 
the  upper  and  lower  girder  ends, 
which  slide  in  adjustable  guides. 

Connecting  rods  are  attached  to  the 
ends  of  the  top  or  bottom  girder, 
depending  on  the  designer’s  prefer- 
ence, and  to  cranks  on  the  main 
shaft.  The  cranks  may  be  part  of  a 
flywheel  on  each  side  of  the  saw  or 
separate  units  incorporating  balance 
weights,  in  which  case  a separate  fly- 
wheel is  used  on  the  shaft.  Another 
variation  is  found  on  some  saws 
which  have  a single  connecting  rod 
fastened  to  the  centre  of  the  lower 
girder. 

The  base  of  the  saw  carries  the 
main  shaft  bearings  and  side  frames 
support  most  of  the  other  parts.  A 
top  spreader  placed  between  the  side 
frames  sometimes  ser\es  as  a mount 
for  the  lubrieator  or  feed  drive  but 
must  also  be  strong  enough  to  take 
the  whole  weight  of  the  saw,  when  it 
is  lifted  by  a crane. 

'the  timber  is  brought  up  to  the 
saw  on  li\e  ehains  or  rolls  but  to 
force  it  through  the  saws,  power 
dri\en  fc'ed  rolls  are  ineorporated  on 
the  infeed  and  ontfeed  siiles  of  the 
saw.  Two  rolls  are  fitted  on  eaeh  siile. 
the  lower  ones  being  fixed  in  position 
and  the  upper  ones  monnteil  on  a 
I rame  or  gate,  w hich  can  be  raised  or 
loweianl  by  .i  power  ex  limler  or  r.iek. 
rlu'  gate  is  nsnalK  jiixotted  on  om' 
sidt'  so  th.it  it  ma\'  1h'  swung  outward 
to  giw'  ele.ir  access  lor  changing  the 
s.iws.  I'lu'  iqipi'r  rolls  are  norm.ilh 
dri\en  but  on  saws  ilesigned  to  be 
used  tor  e.mts  onl\ . this  te.itme  is 
sonu'tiim's  omitted,  Dn  eert.iin  moib 
els  the  top  b'ed  rolls  m.i\  be  split  into 
two  sections,  w hieh  .in  nper.it.  d :n 
di']iendentl\ . to  allow  tw.>  or  ■ .ae 
e.mts  or  logs  of  dillerenl  si,  , ti-  be 
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sawn  at  tlie  time.  This  is  illustrated 
in  Fig.  4. 

The  feed  mechanism  can  be  driven 
from  the  main  shaft  of  the  machine 
through  some  type  of  variable  speed 
drive  or  it  may  be  powered  by  a 
separate  electric,  hydraulic  or  air 
motor.  Some  means  of  reversing  the 
rolls  is  usually  supplied,  so  that  jams 
may  be  cleared  quickly. 

The  feed  speed  is  governed  by  the 
size  of  timber  being  sawn,  the  larger 
the  size,  the  slower  the  feed.  In  saw- 
ing lumber  by  a gangsaw  it  must  be 
realized  that  if  the  feed  is  made  con- 
tinuous and  the  blades  are  vertical, 
during  the  upstroke  the  back  of  the 
teeth  would  rub  on  the  advancing 
wood.  This  may  be  overcome  by  tilt- 
ing the  saw  blade  slightly,  with  the 
top  leading  into  incoming  cant  or  log, 
giving  the  blade  what  is  known  as 
overhang.  However,  for  every  speed 
there  is  a most  suitable  overhang  and 
if  the  amount  of  feed  per  stroke  is 
changed  appreciably,  the  overhang 
setting  should  vary  with  it.  A manual 
setting  of  this  in  the  frame  can  be 
quite  acceptable,  if  the  timber  is 
graded  carefully  for  size,  as  the  over- 
hang can  be  set  for  the  size  being 
sawn  during  a particular  shift. 

One  way  of  avoiding  this  problem 
is  to  use  an  intermittent  feed,  advanc- 
ing the  timber  on  the  cutting  stroke 
only.  This  works  most  satisfactorily 
with  the  smaller  logs  or  cants,  which 
do  not  have  too  much  weight  to  start 
and  stop  every  revolution  of  the  saw. 
A certain  amount  of  overhang  is  used 
with  this  system  too. 

Where  greater  production  is  de- 
sired from  the  saw  and  the  size  of 
timber  may  vary  considerably,  an- 
other solution  is  to  use  with  continu- 
ous feed,  an  adjustable  overhang  sys- 
tem, which  allows  the  upper  or  lower 
sash  guides  to  be  advanced  or  re- 
tarded without  shutting  down  the 
saw.  When  this  is  linked  with  the 
feed  speed  control  it  is  known  as 
automatic  overhang,  as  the  overhang 
is  always  correctly  co-ordinated  with 
the  feed  speed. 

High  pioduction  rates  can  also  be 
achieved  with  continuous  feed  by  the 
use  of  an  oscillating  bearing  between 
the  sash  girder  trunnion  and  the  guide 
shoe.  This  is  designed  to  withdraw 
the  sash  and  saws  at  a faster  speed 
than  the  timber  advances  during  the 
up  stroke.  It  is  used  in  conjunction 
with  a certain  amount  of  fixed  over- 
hang and  has  proven  to  be  one  of 
the  least  complicated  and  most  satis- 
factory ways  of  overcoming  this  prob- 
lem, for  a wide  range  of  feed  speeds. 

The  first  method,  using  fixed  over- 
hang, allows  timber  of  mixed  sizes  to 
be  sawn  up  to  about  % in.  feed  per 
sti'oke  with  one  setting,  the  second, 
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using  intermittent  feed,  up  to  about 
I in.  per  stroke  and  the  last  two, 
adjustable  overhang  or  oscillation,  up 
to  11/2  in.  per  stroke.  These  values 
may  be  exceeded  slightly  in  some 
cases  but  usually  at  a cost  in  factors 
such  as  tooth  wear  and  quality  of 
lumber. 

Power  for  the  main  shaft  drive  of 
the  gangsaw  is  usually  supplied  by 
an  electric  motor  or  diesel  engine. 
Flat  or  vee  belts  are  used  between 
the  power  source  and  counter  shaft 
or  saw  to  reduce  the  speed,  as  ne- 
cessary, to  the  250  to  350  r.p.m. 
operating  speed  of  the  saw. 

Before  commencing  the  design  of 
a gangsaw,  as  with  any  machine  de- 
signed for  quantity  production,  cer- 
tain ground  rules  must  be  established 
in  the  form  of  a specification.  No  one 
saw  can  supply  all  potential  custom- 
er’s demands  and  therefore  the  mar- 
ket for  which  the  saw  is  intended 
must  first  be  settled.  The  size  and 
type  of  timber  capable  of  being  sawn 
and  the  output  desired  are  basic  con- 
siderations. 

Market  surveys  conducted  by  the 
sales  department  will  determine  the 
most  advantageous  sizes  with  a tar- 
get cost  price.  Once  this  has  been 
approved  by  management  a reason- 
ably firm  specification  can  be  written. 
This  may  even  include  a certain 
number  of  features  thought  desirable 
by  the  sales  or  engineering  depart- 
ments, which  will  later  have  to  be 
abandoned  due  to  high  cost  or  manu- 
facturing impractibility.  Design  and 
development  budgets  can  be  roughed 
out  from  this  specification  and  when 
approved,  the  work  may  be  started. 

The  design  of  the  saw  generally 
starts  with  the  saw  frame.  The  largest 
loads  imposed  on  the  girders  and 
tubular  columns  arise  from  the  saw 
tensioning.  This  tension  is  applied  to 
the  saw  hangers  by  cams  and  wedges 
or  by  a hydraulic  tensioning  system. 
Some  attempts  have  been  made  to 
use  screw  tighteners  but  they  have 
usually  proved  to  be  too  slow  in  oper- 
ation or  too  bulky.  Most  saws  are 
designed  to  cut  down  to  1 in.  lumber, 
which  leaves  little  room  for  a device 
that  must  load  each  saw  with  a ten- 
sion of  6,000  to  8,000  lb.  or  more. 
The  frame  must  be  designed  to  resist 
these  loads  from  a full  set  of  saws 
plus  the  dynamic  loads  arising  from 
the  reciprocating  and  sawing  actions. 

The  human  factor  enters  into  this 
situation  too.  Due  to  the  fact  that 
the  saws  heat  when  working,  elonga- 
tion takes  place  reducing  the  tension. 
This  may  allow  the  blade  to  flex  some- 
what causing  the  sawing  of  uneven 
lumber.  The  sawyer  attempts  to  com- 
pensate for  this  and  with  cams  is 
tempted  to  elongate  the  cam  wrench 
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Fig.  2. 


with  a length  of  pipe,  to  introduce 
more  tension.  The  proper  alternative 
is  to  stop  the  saw  and  retighten  the 
blades  after  they  have  become  warm. 

The  hydraulic  loading  device, 
which  is  used  to  help  overcome  this  > 
problem,  is  attached  to  the  top  of  the 
upper  girder  of  the  frame.  Intercon-  I 
nected  small  individual  cylinders  with  ) 
pistons,  at  about  1 in.  centres,  support  j 
one  end  of  the  wedge  through  the  J 
saw  hangers.  The  overall  pumped-in  ■ 
pressure  equalizes  the  load  on  all  j 
saws,  keeping  a high  average  pres- 
sure, as  in  normal  sawing  all  blades  ; 
in  the  frame  may  not  be  used  to  the  1 
same  degree.  | 

These  devices  have  met  with  a | 
mixed  reception  and  are  relatively  ex-  : 
pensive.  Many  mills,  which  are  known 
to  have  started  out  with  or  tried  these 
on  their  gangsaws,  have  reverted  to 
the  cam  type  of  tighteners.  If  care  is 
taken  to  centre  the  wedges  and  . 
hangers  on  the  buttons  each  time  and 
slope  the  hangers  to  the  saw  connec-  ; 
tion  near  the  spacers,  the  device  can  i 
operate  satisfactorily  over  a long 
period.  When  the  pistons  are  loaded 
eccentrically,  however,  uneven  wear 
takes  place  in  the  cylinders  resulting 
in  unsatisfactory  operation.  The  de- 
flection of  the  girder  under  load,  caus- 
ing a similar  deflection  in  the  ten- 
sioner body  also  appears  to  contribute 
to  the  wear. 

Cooling  of  the  blades  by  water 
spray  or  water  mist  has  also  been 
used  to  combat  the  problem  of  blade 
expansion  due  to  heat.  The  designer  , 
must  weigh  up  all  these  load  factors 
and  still  produce  girders  and  columns  , 
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which  are  as  light  as  possible.  Girders 
of  rolled  steel  combined  with  castings 
or  forgings  into  weldments  or  high 
strength  steel  castings  are  the  usual 
alternatives.  The  use  of  material  with 
good  ductility  is  essential  so  that 
under  extreme  overloads  the  com- 
ponents will  bend  rather  than  frac- 
dure  abruptly.  Saw  hangers  are  nor- 
mally high  strength  steel  drop  forg- 
ings or  are  made  of  saw  blade  steel. 

' The  guide  shoes  attached  to  the 
ends  of  the  upper  and  lower  girders 
I usually  work  in  cast  iron  ways.  The 
ways  on  one  side  are  fixed  and  the 
i other  side  free,  to  allow  tor  expan- 
sion. The  fixed  ways  may  be  flat  with 
adjustment  for  flat  shoe  faces  bearing 
j on  each  side  or  they  may  have  a Vee 
I section.  Oil  grooves  are  cut  in  the 
iways  and  supplied  with  oil  from  a 
I central  lubrication  source.  Slotted 
j holes  for  bolts  or  studs,  in  the  ways, 

I allow  for  wear  adjustment  or  the 
I setting  of  ovethang.  Backup  screws 
j are  used  to  lock  the  adjustment. 

' The  shoes  are  usually  bronze  faced 
I although  various  plastics  have  proven 
successful.  Some  of  these  can  be  lub- 
: ricated  with  water  if  desired,  which 
! is  impractical  for  winter  operation  in 
I Canada.  So  called  dryslip  materials 
have  been  tried  experimentally  but 
did  not  prove  satisfactory  without 
lubrication.  The  thrust  load  on  the 
shoes  at  the  connecting  rod  end 
proved  too  great,  although  the  ma- 
I terial  on  the  shoes  at  the  opposite  end 
I of  the  frame  seemed  to  work  accept- 
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Fig.  3. 


ably  unlubricated.  The  material  also 
acts  as  an  insulator  and  does  not  carry 
away  the  heat  generated  by  the  fric- 
tion. 

Thin,  ribbon  like  strips  of  one  of 
the  nylon  family  of  plastics  impreg- 
nated with  molybdenum  disulphide 
appeared  to  work  satisfactorily  with- 
out lubricants,  with  little  wear  when 
tested,  which  did  allow  the  heat  to 
pass  through  to  the  metal  mounting 
base.  The  conclusion  was  reached, 
however,  that  the  time  tested  bronze 
surface,  properly  lubricated,  was  the 
least  likely  to  give  trouble  as  the 
average  operator  is  familiar  with  its 
characteristics. 

The  connecting  rods  used  on  these 
machines  are  similar  to  those  on  any 
reciprocating  equipment.  Some  are 
attached  to  the  ends  of  the  top  girder 
and  other  saws  have  them  fastened 
to  the  bottom  girder. 

The  choice  of  location  is  a result 
of  weighing  up  several  factors.  If 
attached  to  the  top,  the  rod  is  longer 
and  heavier  but  with  less  angularity, 
the  side  thrust  is  reduced  on  the 
guides.  The  rod  connected  to  the 
bottom  of  the  frame  is  shorter,  sturdier 
and  lighter  and  with  the  usual  pro- 
portions of  machine,  the  resultant 
difference  in  side  load  is  not  too  great. 
With  the  oscillating  type  of  machine 
it  is  desirable  that  the  rod  be  con- 
nected to  the  bottom  girder. 

The  connecting  rods  are  made  from 
castings,  forgings,  box  shaped  weld- 
ments and  machined  to  an  I section 
from  thick  steel  i)late.  From  the  re- 
liability standpoint,  the  forging  or 
plate  construction  has  proved  very 
successful  for  quantity  production. 
Weldments  and  castings  in  a part  of 
this  nature,  subject  to  reversals  of 
stress  and  fatigue  loads,  require  care- 
ful control  of  manufacture  and  rigor- 
ous inspection  to  ensure  reliability 
and  therefore  may  be  more  expensive. 

The  top  bearing  of  the  rod  with 
its  limited  movement  has  normally 
Ix'cn  designed  with  a plain  bronze 
bn.shing,  although  self  aligning  roll- 
ing bearings  may  be  used.  'I'lic  dc- 
llcction  of  tlic  girder  with  the  conse- 
(jiicnt  clumgi'  of  angle'  of  the  journals 
on  its  ('lids,  |•('<(lnr('s  some  pro\isiou 
for  lliis  slight  angular  mo\enu'nt. 
balings  of  rolling  bearings  for  the 
liniilc'd  rotational  swing  aii'  low.  le'- 
snlling  in  a large'  onisidt'  dianu'le'i'  or 
width  in  eoniparison  with  the'  jonnial 
size'. 

The  lower  be'.ii  ing.  on  the'  erankpin. 
is  .ilmeisl  ,ilwa\s  a se'll  aligning  reilling 
be'aring  as  are'  the'  ni.iin  sh.ill  be'ar- 
iiigs.  rlie'Se'  iiiiist  be'  \e'i  \ eemse'i  v .1- 
li\el\  l.lle'el  .is  the'  ele'siglle'r  ne'\  or 
know  s the'  t\pe'  I'l  se'i'x  ie'e'  the'  s.iw 
will  e'lie'oimli'i'  .mel  eh.mgiiig  mair 
he'.iiings  e.in  be'  e'ei'.lK  .mel  lime'  eon 


suming.  Unfortunately  too,  these 
bearings  do  not  always  give  an  indi- 
cation of  wear  and  occasionally  fail- 
ure may  be  rather  abrupt.  Mill  oper- 
ators would  be  well  advised  to  keep 
a log  on  their  rolling  bearings  and 
replace  them  at  recommended  inter- 
vals. 

Crank  pins  and  main  shafts  are  best 
made  of  high  strength  alloy  steels, 
properly  heat  treated,  as  the  savings 
possible  in  the  size  of  bearings  and 
other  parts  are  worth  w'hile.  High 
strength  cast  iron  flywheels  and  cast 
steel  crank  webs  have  worked  out 
well  in  service  and  are  economical 
where  balance  weight  is  desired.  The 
balancing  of  the  reciprocating  forces 
in  the  saw  presents  a problem.  Unless 
elaborate  counter-balance  measures 
were  incorporated,  it  would  be  im- 
possible to  eliminate  the  vibration. 
The  number  of  saws  in  the  frame 
varies,  so  that  an  average  figure  must 
be  used  in  calculations.  Individual 
preferences  of  the  designers  result  in 
different  proportions  of  out  of  balance 
in  the  horizontal  and  vertical  planes, 
although  generally  the  amount  in  each 
plane  is  made  about  equal. 

The  saw  frame  may  be  made  of 
castings  or  weldments.  Cast  iron  has 
excellent  vibration  damping  proper- 
ties but  unless  used  in  massive  sec- 
tions can  be  damaged  in  transport  or 
severe  service.  Structural  steel  w'eld- 
ments,  sometimes  incorporating  steel 
castings,  can  be  made  into  a rugged 
lightweight  frame,  capable  of  taking 
much  punishment,  although  the 
damping  properties  are  lower.  Ade- 
quate stress  relieving  of  the  frames  is 
necessary  to  prevent  mo\'ement  after 
machining.  This  also  applies  to  many 
of  the  steel  castings,  where  move- 
ment cannot  be  tolerated,  as  they  may 
not  have  been  thoroughly  anneale'd  or 
normalized  at  the  foiinelr\-,  due  to 
production  pressure. 

The  feed  niec'hanism  on  the  saw 
is  usually  roller  chain  driven.  Rolls 
are'  lluled,  solid  flutes  being  used 
wlu're  all  eant  operation  is  normal, 
inte'rrupted  lliites  with  e'oinb  teeth 
cleaning  where  logs  are  used.  A com- 
bination roll  is  i>opular  which  h.is 
proN'ision  for  elrix  iiig  logs  in  the  ce'ii- 
tre'  and  cants  at  the'  outside's.  Rolls 
are'  norm.ilK'  steel  castings  lor  we.ir 
re'sistauce'.  tunie'd  on  tlu  outside-  eli- 
aiiie'le'r  eil  tlu'  Iliite'S.  Alter  we'ar  tlie'v 
are'  eifle'ii  built  up  witli  li.ird  t.icini; 
we'leling  leiel.  which  iiuist  be'  gieuiii-l 
te>  .1  true'  di.lUle'te'r  to  e'llSIlle’  .1  stv.liu’it 
I e'e'el . 

rile'  Uppe  r leills  .lie-  lle'lii  .Ig.lilist  ■= 
re'll .U'le'el  Iroin  the'  timbe'i  In  .'\k 
pie'ssiiie'.  which  m.i\  ''c  pr-  cm. o’ 
or  li\ elr.uilic.ilK  oiv'r.ile  d c- o;  ; 
euls  li.n  ('  llii'ir  .uK  -O'l.,  ^ . 

.lel\ .ml.lge's  'I'ile'  alî  c\ - c 
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cushioning  effect,  especially  for  log 
operation,  which  may  present  a very 
uneven  surface.  It  requires  a separate 
source  of  supply  for  the  air  but  most 
mills  have  air  compressors  to  power 
cylinders  in  other  parts  of  the  build- 
ing. Hydraulic  cylinders  with  relief 
valves  to  limit  the  roll  pressure,  to- 
gether w’ith  hydraulic  motors  for  the 
feed  dri^'e,  may  be  powered  by  a 
pump  coupled  to  the  main  shaft  of 
the  saw.  Servicing  of  the  hydraulic 
components  may  be  more  difficult  in 
outlying  areas  but  today  with  their 
use  on  all  types  of  contractor’s  equip- 
ment, its  problems  are  more  familiar. 

The  feed  drive  for  the  saw  may  be 
built  into  the  machine  and  dri^'en 
from  the  main  shaft,  as  in  most  inter- 
mittent feed  applications  or  it  may  be 
powered  by  an  independent  drive 
motor,  as  is  the  case  in  the  usual  con- 
tinuous feed  saws.  Quick  and  accm- 
ate  variable  speed  control  is  always 
essential. 

The  most  popular  intermittent  feed 
is  a combination  of  cranks,  rods  and 
levers  from  the  main  shaft  to  wedge 
pawls  and  a vee  grooved  pawl  wheel 
secured  to  a feed  roll  shaft.  By  means 
of  an  adjustable  crank  throw,  the 


speed  may  be  varied  at  the  vee  wheel 
by  a change  of  the  pawl  advance  per 
stroke.  Reversal  of  the  feed  direction 
is  built  in  to  enable  the  saw  to  be 
cleared  should  the  timber  jam  while 
cutting.  Intermittent  feed  by  hydraid- 
ic  means  is  also  used. 

Continuous  feed  may  be  accom- 
plished in  several  ways.  A variable 
speed  pulley  drive  or  a hydraulic 
pump,  and  motor  with  speed  control 
valve,  taking  power  from  the  main 
shaft  may  be  used.  Separate  electric 
motors  driving  mechanical  or  elec- 
trical variable  speed  devices  are  also 
popular,  as  are  variable  speed  wound 
rotor  and  four  speed  motors.  Where 
the  drive  is  separate  from  the  main 
shaft  the  customer  can  be  offered  a 
selection  of  drives,  therefore,  which 
vary  in  price  and  complexity. 

Intermittent  feed  devices  usually 
have  a speed  range  of  about  four  to 
one,  while  the  continuous  feed  drives 
vary  from  this  figure  to  about  eight 
to  one.  Automatic  speed  control  re- 
lated to  the  timber  size  being  sawn  is 
also  possible  with  the  more  expen- 
sive forms  of  the  latter  type  drives. 
This  factor  may  be  worth  while  if  a 
wide  range  of  timber  sizes  is  usual 


and  maximum  production  rates  are 

desired.  Feed  speed  variations  from  5 

to  35  f.p.m.  are  found  in  a number 

of  mills.  I 

; 

The  main  power  drive  for  the  aver-  j 
age  semi-portable  saw  is  provided  by  i 
an  electric  motor  of  from  50  to  100 
h.p  or  in  the  more  remote  areas  by 
a diesel  engine  of  100  to  150  hp. 

A jackshaft  is  normally  incorporated 
to  reduce  the  motor  speed  to  that 
of  the  saw.  Each  make  of  saw  has  a 
speed  at  which  it  operates  most  effici- 
ently. The  most  desirable  one  is  that 
which  will  give  the  highest  output 
from  the  mill  and  this  can  be  worked 
out  best  by  the  individual  operator  ;• 
to  suit  the  materials  and  methods  ! 
used,  after  he  has  tried  out  the  saw  j 
at  the  manufacturer’s  recommended  I 
speed.  1 

Vee  and  flat  belts  are  used  to  trans-  | 
mit  the  power.  The  original  and  still 
popular  all  leather  flat  belt  is  ex-  | 
tensively  used  although  newer  flat  i 
belts  with  leather  outer  faces  separ-  i 
ated  by  high  strength  plastic  cores  i 
are  gaining  acceptance.  Their  popu- 
larity is  based  on  the  fact  that  once 
installed  under  an  initial  tension,  they 
have  very  little  subsequent  stretch, 
unlike  the  other  flat  belts.  Vee  belts 
must  be  used  in  matched  sets,  to  give  j 
equal  loading.  These  belts  should  be  t 
renewed  as  matched  sets,  which  is  not  | 
always  done,  to  ensure  balanced  loads  ( 
and  hence  reasonable  life. 

In  conclusion  it  should  be  stressed  ! 
that,  like  other  equipment  for  the  \ 
timber  industry  in  Canada  and  the  j 
United  States,  gangsaws  must  be  rug-  ! 
gedly  designed  to  take  all  kinds  of  ' 
abuse.  Operating  conditions  vary  ! 

widely,  from  mills  where  extreme  | 

care  is  taken  of  the  equipment,  to  j 
others  where  little  maintenance  and  j 
attention  is  paid  to  the  saw  until  a 
breakdown  occurs.  j 

Most  of  the  maintenance  is  per-  | 

formed  by  very  practical  men  with  j 
not  too  much  fonnal  education,  so 
that  instruction  books  concerning  op- 
eration must  be  worded  simply  and 
the  important  points  emphasized  in  j 
such  a way  that  they  are  not  buried 
in  a mass  of  verbiage. 

The  field  representatives  and  local 
distributors  and  dealers  should  be  j 

well  trained  in  diagnosing  trouble  i 

and  helping  the  customer  to  keep  his  j 
saw  operating  correctly.  This  will  en-  ! 
sure  a happy  and  long  lasting  rela-  ! 
tionship,  as  nothing  travels  faster  and  j 
wider  than  bad  news  about  a product.  j 
Additional  sales  of  gangsaws  are  usu-  j 
ally  made  to  men  who  have  looked  I 
over  a number  of  installations  and  ï 
talked  to  their  operators,  with  the 
result  that  a prejudice  once  fonned  is 
hard  to  eliminate. 


Fig.  4. 
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BJ'jFORE  discussing  the  latest  re- 
visions to  the  concrete  and  rein- 
forced concn'te  requirements  of  the 
National  Huilding  Code,  it  may  be  of 
interc'st  to  review  briefly  the  history  of 
' standard  rc'gulations  on  concrete  in 
I ('aiuwla. 

Prior  to  1941,  most  major  cities  in 
Canada  invoked  building  l)y-laws  of 
tlieir  own  design,  wliich  because  of  the 
magnitude'  of  tlu'  prolelem  invob'ed  in 
keeping  tlu'in  up  to  date,  ofh'ii  iM-canu' 
antieiuated.  Altliough  snudh'r  c('ntr('s 
I freeiuently  made  use  of  tlu'  knowledge' 
I aiiel  e'xpe'i'ie'iie'e'  eef  the'  large'r  eeiie's  in 
: pre'paring  tlu'ir  re'gulatieens,  tlie-re'  was  a 
1 lae'k  e)f  unifeermity  be'twe'e'ii  the'  buileling 
' by-laws  freem  eene'  leee'ality  tee  anoUie-r 
I which  was  ne)t  eeidy  awkwarel  eai  eee  eais- 
! ieen,  but  Meet,  in  the'  be-st  inle're'sts  eif  e'em- 
strueUe)!!  anel  e'eemine'i'e'e'  anel  liene'e'  not 
ill  the'  bi'sl,  inte'ri'sts  of  the'  public. 

Ill  1911,  unili'r  (he' spoii.sorship  of  t hi' 
I h'partme'ut  of  l’inaiii'i'  anil  (In'  Nal  ional 
Ui'se'ari'h  Couni'il,  t he'  lirst  Nal  ional 
Hnililing  Cneli'  of  Canada  was  pub- 


lished. dliis  elocument  then  became 
available  as  a moelel  buileling  code 
whii'h  any  municipality  I'oulil  aelopt  or 
aela])t  as  its  own  by-laws.  In  aelelition  to 
e•e)nvenience,  the  National  Buileling 
Coeli'  offeri'il  the  furtlu'r  aeh'antage  of 
ri'gular  ri'vision  whii'h  woulel  make  it 
I'asii'r  for  the  munii'iiialitii's  to  kei'p 
thi'ir  own  by-laws  uj)  to  elate,  'l'he 
sponsors  hope'll  by  this  mi'ans  to  I'li- 
I'ouragi'  uniformity  of  Buileling  Coik's 
in  Canaela. 

Ui'garding  the'  l■onl■rl'tl'  si'e'tion  of  the' 
Code',  it  is  ni'e'i'ssary  to  go  a little'  furthi'r 
bai'k  in  history.  In  1921  I'ommitte'i's  of 
the'  Canadian  Engini'i'iing  Stanelarils 
.Vssoi'iation,  as  tlu-  CS.\  was  Ihi'ii  I'allcii, 
bi'gan  work  on  CBS  A .V2d  Staiiilaril 
Siii'i'ificalion  for  Concre'te'  and  Ib'in- 
forci'il  Coiu'i'i'li'.  'I'lns  was  piiblishi'il  in 
1929.  .Vfti'i'  re'N'ision  a si'i'onil  e'dilion  of 
this  spci'ilii'alion  was  publishi'd  in  1912. 

In  ilrawing  up  the'  I'oni'ix'li'  ri'quin'- 
ini'iils  of  the'  NBC  1911,  the' ri'sponsibic 
conmiidi'c  was  guide'd  by  (he'  work  of 
the  CS,\  Commit ti'i's  anil  clo.si'  liaison 


was  maintained  between  the  two  groups 
so  that  their  respective  documents  were 
in  close  agreement  exi'ept  for  minor 
eletails.  Both  of  these  agencies  relied  in 
turn  on  the  American  Concrete'  Insti- 
tute' Stanelarel  Buileling  Coele  and  the 
Joint  ('ommitte'i'  Report'^  for  mui'h  of 
their  material,  altlu>ugh  change's  wore 
maih'  where'  eliflerciu'e's  in  luactii'e 
seenu'il  eli'sirable'  for  Canaela. 

t'ollow  ing  ^^'orlll  ^^’ar  1 1,  the  As.siu'iate' 
Committe'c  of  the  National  Buileling 
('eiile'  was  e'stablislu'il  by  the'  Natiemal 
He'se'areh  Cemncil.  It  se't  up  Rexision 
Committi'e's  tee  re'vi.se'  the'  19-tl  Ce>ele'  anel 
a ne'w  e'dition  was  publishe'el  in  19.‘>e.  In 
this  e-ase'  Part  •I..')  ile'aling  with  ceuu-re  fe' 
mate'i'ials  ami  e'onstrui'tion  was  base'll  on 
CS.\  SiH'cilie'ation  .V2d  1942,  but  Part 
l.t)  on  I'l'infore'i'il  e'oiu're'tc  ilesign  was 
writte-n  to  be'  in  agive'ine'nt  with  an  un- 
publishi'd  ilraft  of  CS.V  Stamlanl  lb' 
e'oimni'Uile'el  Prae'tie’i'  for  Ib-infoi. . .i 
Ceuie'ri'te'  1 V'sigu  which  w;is  imt  a< m.i  \ 
publishe'el  until  19.V.1.  Phis  .iiM-m..  ; ' is 
in  e'lose'  ;lgre'e'me'nt  with  \>  1 S;:  • 
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Building  Code  318 — 1951. 

When  the  Revision  Committee  on 
Concrete  began  its  work  for  NBC  1960, 
a new  CSA  Specification  on  Concrete 
Materials  and  Methods  of  Construction 
was  ready  for  publication.  This  was  used 
in  drawing  up  Sub-section  4.5.3  of  the 
present  Code  as  mentioned  later.  It  was 
thought,  however,  that  the  CSA  Code 
on  reinforced  concrete  was  in  need  of 
revision  to  bring  it  up  to  date  with  the 
American  Concrete  Institute  Standard 
Building  Code  318 — 1956,  and  also  to 
incorporate  the  blue  slip  revisions  to 
NBC  1953.  For  this  reason  the  ACI 
Code  was  followed  closely  in  preparing 
new  articles  on  reinforced  concrete 
design  for  NBC  1960. 

Appointment  of  the  Revision  Committee 

In  jireparation  for  the  1960  Revision 
of  the  National  Building  Code,  the 
Associate  Committee  appointed  a Re- 
vision Committee  to  review  and  revise 
Parts  4.5  and  4.6  dealing  with  concrete 
materials,  design  and  construction.  The 
members  of  this  Committee  were  ; 
Messrs.  M.  W.  Huggins,  Chairman, 
J.  Hoogstraten,  E.  ÎM.  Rensaa,  D.  0. 
Robinson,  0.  Safir  and  W.  G.  Plewes, 
Secretary. 

The  revision  work  was  to  be  done  in 
two  to  three  meetings,  making  use  of 
whatever  knowledge  and  e.xperience  was 
immediately  at  hand  and  without 
carrying  out  any  new  research  or  pro- 
longed investigation.  In  line  with  the 
recommendations  of  the  Advisory  Struc- 
tural Group,  the  American  Concrete 
Institute  Standard  Building  Code  318 — 
56^  was  to  be  used  as  the  basis  for  the 
NBC  1960  with  regard  to  reinforced 
concrete  design  and  CSA  Specification 
A23.1 — 1960'^  with  regard  to  concrete 
materials  and  methods  of  construction. 
The  Committee  could,  however,  propose 
whatever  changes  it  thought  desirable 
or  practicable  to  make  in  the  time  avail- 
able and  drafts  were  to  be  circulated  for 
comment. 

Three  drafts  were  prepared.  The  first 
was  circulated  to  everyone  who  asked  to 
be  included  on  the  circulation  list  and 
about  450  persons  or  organizations  re- 
ceived a copy.  The  second  draft  was  sent 
to  all  those  who  submitted  comments  on 
the  first  draft,  about  50  in  all.  The  third 
and  final  draft  was  submitted  to  the 
Associate  Committee  for  approval. 

All  comments  received  were  con- 
sidered seriously  by  the  Revision  Com- 
mittee and  in  many  cases  they  resulted 
in  a change  or  improvement  in  the 
succeeding  drafts.  Occasionally  the  Com- 
mittee did  not  agree  with  the  comment, 
but  in  a number  of  cases,  although  they 
were  in  agreement,  they  did  not  make  a 
change  because  the  evidence  available 
was  not  sufficient  to  convince  them  that 
the  change  should  be  made,  or  because 
the  subject  was  too  large  to  draw  up 


adecjuate  clauses  in  the  time  available. 
Some  of  the  more  important  changes 
that  were  made  will  now  be  discussed. 

Shear,  Bond,  and  Anchorage 

By  far  the  most  important  of  the 
changes  involves  the  problems  of  shear 
and  the  related  problems  of  bond  and 
anchorage  of  longitudinal  reinforcement. 
In  order  to  e.xplain  the  new  clauses,  it  is 
essential  to  review  a little  of  the  back- 
ground history  which  has  resulted  in 
recent  North  American  practice  in  deal- 
ing with  shear,  bond,  and  anchorage. 

Many  of  the  early  studies  of  methods 
of  shear  reinforcement  and  their  effec- 
tiveness were  made  in  Germany  40-50 
years  ago  by  Morsch,  et.  ah  Much  of 
this  testing  has  been  reported  in  early 
American  books  such  as  ^^Principles  of 
Reinforced  Concrete^^  by  Turneaure 
and  Maurer.^  As  a result  of  the  tests 
which  indicated,  among  other  things, 
the  great  effectiveness  of  bent  up  bars, 
the  German  code  was  written  to  require 
web  reinforcement  throughout  the  full 
length  of  beams  and  in  addition  the  web 
steel  was  required  to  be  designed  to  carry 
all  shear  at  any  point  where  the  shear 
exceeded  that  which  could  be  carried 
safely  by  the  concrete  alone.  No  allow- 
ance was  to  be  made  for  concrete  and 
web  steel  acting  jointly  in  resisting 
shear. 

This  was,  of  course,  a conservative 
approach  to  design  and  tests  by  Talbot"* 
and  others  in  America  and  elsewhere 
made  it  appear  to  be  excessively  so.  As 
a consequence,  a modification  in  design 
procedure  was  followed  in  North  America 
in  which  the  as.sumption  of  joint  partici- 
pation of  web  steel  and  concrete  in 
resisting  shear  was  permitted  under 
certain  design  stresses  ; namely  z;  = 0.03fV 
to  0.06/'c. 

This  practice  was  followed  in  North 
America  for  more  than  a quarter  of  a 
century  without  trouble.  However,  in 

1955  and  1956  a series  of  shear  failures 
of  reinforced  concrete  frames  in  Air 
Force  warehouses  in  the  United  States 
led  to  a serious  re-examination  of  the 
then  current  building  codes. ^ Since  then 
many  research  programmes  have  been 
undertaken  and  many  papers  written  in 
attempts  to  develop  more  suitable  and 
safe  methods  of  designing  beams  for 
shear. Until  such  time  as 
these  new  studies  have  been  correlated 
and  better  Code  provisions  developed 
from  the  findings,  an  interim  revision  in 
the  ACI  Building  Code  was  made  in 

1956  with  the  intent  of  preventing- 
repetitions  of  the  1955/56  failures. 

Since  the  1953  NBC  Code  had  been 
patterned  after  the  1951  ACI  Code,  it 
became  immediately  necessary  to  make 
similar  modifications  in  NBC  1953. 
These  changes,  which  were  in  fact  more 
conservative  than  those  in  ACI  1956, 
were  issued  as  revision  slips.  Conse- 
quently, when  the  Revision  Committee 


was  established  in  1958  to  prepare  a new 
concrete  and  reinforced  concrete  section 
for  NBC  1960,  there  had  already  been 
considerable  thought  given  to  the  prob- 
lem of  shear  and  shear  reinforcement  and  ' 
about  two  years  experience  in  the  opera-  ' 
tion  of  the  revision  slip  clauses  had  ac- 
cumulated. As  a result  of  this  e.xperience,  ' 
it  had  become  apparent  that  some  ■ 
further  modifications  were  necessary  ^ 
both  for  the  purpose  of  simplifying  the 
operation  of  the  Code  and  for  additional  * 
security.  - 

The  present  section  of  NBC  1960  deal- 
ing with  shear  contains  the  following  v 
main  changes  from  NBC  1953  ; t 

(1)  At  discontinuous  or  unrestrained 
ends  of  flexural  members  where  the  unit  * 
shear  v exceeds  Vc  (the  allowable  shear  ^ 
permitted  for  concrete  without  web  ' 
steel)  web  steel  is  to  be  provided  to  carry  ^ 
at  least  (2/3)y,  providing  v is  not  greater  ' 
than  0.06/'c  ; 

(2)  In  continuous  fle.xural  members,  i 
in  which  v exceeds  Vc  anywhere  between  ■ 
an  interior  support  and  the  point  of  ' 
inflection,  web  steel  is  to  be  provided  for 
the  total  V between  the  face  of  the  sup-  * 
port  and  a point  Z/10  or  d,  whichever  is  ' 
the  greater,  beyond  the  point  of  in- 
flection. In  addition,  the  centre  portion  * 
of  a beam  is  to  have  web  steel  not  less  ’ 
than  required  in  (1)  above  or  (3)  below. 

At  any  point  where  v exceeds  0.06/'c  web 
steel  is  to  be  designed  to  take  the  full  v 
as  in  NBC  1953.  The  location  of  the 
point  of  inflection  is  to  be  calculated  on 
the  basis  of  maximum  moment  at  the 
nearest  support  ; 

(3)  Minimum  web  steel  to  yield  a steel 
cross  section  not  less  than  0.15%  of  the 
concrete  area  computed  as  the  product  of 
the  width  of  the  member  at  mid-depth 
and  the  horizontal  spacing  of  web  re- 
inforcement is  to  be  provided  no  matter 
how  small  v may  be.  The  maximum  per- 
missible spacing  of  this  minimum  web 
steel  where  v is  less  than  Vc  is  to  be  (2/3)d. 
This  paragraph  is  not  to  apply  to  slabs 
or  to  beams  whose  ratio  of  5 to  d exceeds 

4 ; 

(4)  The  effective  beam  length  which 
may  be  considered  as  reinforced  by  a bar 
bent  up  at  an  angle  a is  to  be  d cot  a \ 
rather  than  3/4  the  horizontal  pro- 
jection of  tj|h  bend  as  in  ACI  1956.  This 
gives  the  lient  up  bar  the  advantage  in 
design  which  numerous  tests  have  indi- 
cated it  justly  deserves.  In  order  that 
bent  up  bars  may  be  considered  effec- 
tive as  web  steel  a must  not  be  less  than 
30°.  The  action  of  the  combined  web  j 
compression  and  bent-up  bar  tension 
acting  in  an  imaginary  truss  is  illus- 
trated in  Fig.  1. 

The  maximum  permissible  distance 
between  successive  bend  up  points  for 
bars  to  be  considered  continuously  j 
effective  in  resisting  shear  is  d cot  a ; 

(5)  The  NBC  1941  formula  for  com- 
puting V in  members  varying  in  depth 
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was  reinstated.  This  formula  is 
V ± (M/d)  tan  /3 

and  is  well  known  and  needs  no  ex- 
planation. 

In  conjunction  with  the  above  changes 
in  the  shear  clauses,  the  following  im- 
portant revisions  were  made  in  the  bond 
and  anchorage  requirements  : 

1.  Bent-up  bars  that  are  within  d/3  of 
the  longitudinal  steel  may  be  considered 
in  calculating  2o  for  bond. 

2.  In  any  span  of  a continuous,  re- 
strained, or  cantilever  beam,  or  in  any 
member  of  a rigid  frame  at  least  1/3  of 
the  negative  steel  provided  is  to  be  ex- 
tended beyond  the  extreme  position  of 
the  point  of  inflection  a distance  suffic- 
ient to  develop  by  bond  one  half  the 
allowable  fs,  not  less  than  Z/10  and  not 
less  than  d,  whichever  is  greatest. 

3.  In  simple  beams  or  at  freely  sup- 
ported ends  of  continuous  beams  at 
least  one-third  of  the  required  positive 
steel  is  to  be  extended  into  the  support 
a sufficient  distance  to  develop  by  bond 
a force  equal  to  two-thirds  the  shear  at 
the  support,  but  not  less  than  6 in. 

This  last  clause  was  introduced  to 
take  account  of  the  fact  that  the  forma- 
tion of  diagonal  tension  cracks  beginning 
near  the  face  of  a support  causes  the 
tension  in  the  main  longitudinal  steel 
to  be  increased  considerably.  Thus  in 
Fig.  2 it  may  be  seen  that,  due  to  the 
crack,  T = (Va/jd).  For  example,  if  a 
were  taken  as  (5/8)d  and  j as  7/8,  T 
would  be  (5/7)  V.  The  correct  value  of  a 
to  be  used  is  based  on  the  location  of  the 
terminal  point  of  the  crack.  It  is  felt 
that  the  new  clause  represents  a reason- 
ably conservative  estimate  of  the  maxi- 
mum bar  tension  to  be  expected,  al- 
though in  many  tests  it  has  been  shown 
that  at  ultimate  a flexural  member  may 
tend  to  become  simply  a tied  arch  due  to 
a gradual  break  down  of  bond  between 
concrete  and  steel  in  the  central  portion 
of  th('  b('am.  If  complete  bond  failure 
were  to  occur  exc('pt  at  the  supi)orts,  the 
ste('l  tcmsion  at  a supi)ort  would  be  the 
same  as  at  mid-s})an.  This  obviously 
cannot  o(^cur  in  a well-designed  beam, 
but  the  H'sult  of  flexural  cracking  can 
be  to  caus('  very  (considerable  incn'ases 
in  longitudinal  stc'cl  tension. 

'l'h('  rcaiuirenu'iit  of  anchorage  for 
(2/3)  r is  a.  minimum.  It  is  (piib'  possible' 
that  loading  conditions  or  siaui  to  (h'lith 
ratios  may  be  such  as  to  n'ciuire  ('ven 
Ix'tter  anchorage',  which  must  be  cal- 
culated by  the  de'signer  by  prope'r  con- 
side-reition  of  the  ixete'ntiid  eile'cts  of 
cracking. 

■I.  Where',  for  pi'actical  re'iisous,  slii'- 
rups  must  be'  anchore'd  in  ei  l-e'iisile'  zone', 
each  ('11(1  of  the'  stirrup  is  to  be'  Ix'iit  o\  ('r 
a longitudinal  bar  (Iirougli  !)0°  or  more' 
and  is  re'eiuire'd  to  have'  an  additional 
anchorage'  le'iigth  of  at  least  21  stirrup 


diameters  measured  from  the  centre 
of  bend.'“ 

This  change  was  made  as  a result  of 
the  conviction  of  the  Revision  Com- 
mittee that  such  important  shear  resist- 
ing elements  as  stirrups  should,  if 
possible,  always  be  anchored  in  a com- 
pression zone.  However,  recognizing  the 
practical  difficulties  involved  in  provid- 
ing compression  zone  anchorage  in  all 
cases,  the  requirements  for  tension  zone 
anchorage  were  considerably  stiffened 
beyond  those  of  ACI  1956  which  permits 
tight  bending  of  stirrups  through  180° 
around  a longitudinal  bar  in  a tension 
zone 

Anchorage  of  stirrups  by  welding  to 
longitudinal  steel  where  the  main  re- 
inforcement and  stirrup  steels  are  of 
suitable  quality  is  permitted  only  with 
the  approval  of  the  authority  having 
jurisdiction. 

It  is  the  writers’  opinion  that  through 
the  use  of  the  above-described  revisions 
in  the  shear,  bond,  and  anchorage 
clauses  improved  concrete  designs  will 
result.  Structures  so  designed  should  be 
much  tougher  and  less  brittle  and  should 
be  able  to  withstand  all  working  stresses 
induced  in  them  with  a minimum  of 
unsightly  cracking. 

The  material  cost  of  providing  this 
added  safety  and  toughness  may  be  seen 
by  a comparison  of  the  two  designs 
shown  in  Fig.  3 for  a typical  interior 
span  floor  beam  which  has  been  designed 
as  a monolithic  continuous  T-beam  to 
carry  a total  uniform  load  of  2.05  KLF. 
The  beam  is  one  of  a system  of  parallel 
beams  at  6 ft.  centres  and  when  de- 
signed, following  NBC  1960,  requires  37 
square  stirrups  weighing  78  lb.  as  com- 
pared with  6 U stirrups  required  bv 
ACI  1956. 

Stresses  Due  to  Shrinkage  and 
Temperature  Change 

The  Code  requires  that  the  effects  of 
volumetric  changes  due  to  shrinkage  and 
temperature  effects  must  be  provided 


for  in  the  design.  The  designer  is  per- 
mitted to  calculate  temperature  and 
shrinkage  stresses  by  assuming  a 30°  F. 
temperature  drop  over  and  above  any 
actual  drop  in  temperature.  For  con- 
crete manufactured  from  light-weight 
aggregate  this  30°  F.  allowance  is  made 
60°  F.  Where  close  spacing  of  con- 
traction joints  (150-200  ft.)  is  provided 
the  designer  may  avoid  the  detailed 
calculation  of  shrinkage  and  temperature 
stresses  altogether. 

The  final  responsibility  for  making 
adequate  provision  for  the  effects  of 
shrinkage  and  temperature  change  still, 
of  course,  rests  with  the  designer  and 
there  will  be  many  situations  in  which 
the  above  approximate  methods  of  com- 
putation will  be  inadequate.  It  must, 
therefore,  be  emphasized  that  these, 
along  with  all  other  Code  requirements, 
are  minima  to  be  supplemented  where 
calculations  indicate  the  necessity. 

Crack  Control 

Throughout  the  reinforced  concrete 
section  of  the  code  numerous  changes 
were  introduced  with  the  object  of  ob- 
taining better  control  over  cracking  of 
concrete  with  resulting  longer-lasting, 
safer  structures. 

The  above  requirement,  that  shrink- 
age and  temperature  stresses  shall  be 
provided  for  in  all  designs,  is  one  im- 
portant instance  of  this  tj'pe  of  change. 
However,  in  order  to  avoid  appl^dng 
excessive  penalties  to  designs  in  which 
careful  consideration  has  been  given  to 
shrinkage  and  temperature  the  per- 
missible stresses  where  such  effects  are 
combined  with  dead  and  live  load  effects 
are  increased  by  one  third. 

A second  and  major  change  was  intro- 
duced in  NBC  1960  with  the  adoption  of 
the  jMarcus  ]\Iethod'^’^'‘  of  designing  two- 
waj'  slabs.  This  method  was  first  propos- 
ed over  30  years  ago  and  has  been  in  use 
in  Germany  and  Great  Britain  for  many 
years  and  it  is  understood  that  it  is  being 
seriously  considered  for  inclusion  in  the 


Fig.  1. 
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next  revision  of  the  ACI  Building  Code. 
The  tabulation  of  co-efficients  which 
appears  in  the  Code  is  one  which  was 
compiled  by  Paul  Rogers  who  is  a 
member  of  the  ACI  Building  Code  Com- 
mittee, and  was  made  available  to  the 
Revision  Committee  through  their  gener- 
osity. Table  I provides  a comparison 
between  the  moment  coefficients  of 
NBC  1960  and  ACI  1956,  Method  2. 

Examination  of  the  table  shows  that 


the  negative  moment  coefficients  are 
generally  lower  and  the  positi\-e  moment 
coefficients  higher  by  ACI  Method  2 
than  in  the  new  NBC  two-way  slab  re- 
quirements. Also  relatively  more  mom- 
ent resistance  is  attributed  to  the  B 
spans  of  long  rectangular  slabs.  It  is 
believed  that  the  ACI  coefficients  were 
adjusted  from  elastic  analyses  to  take 
into  account  inelastic  action  and  re- 
distribution of  moments  as  the  slab 


approaches  failure.  The  Marcus  Method  j 
approximates  more  closely  the  moment 
situation  and  behaviour  of  the  slabs  at 
working  load.  This  is  probably  the  better 
approach  because  as  Ferguson^^  says,  [ 
“One  can  almost  saj^  that  any  arbitrary  i 
arrangement  of  steel,  in  sufficient  quan-  | 
tity  to  carry  the  load,  will  be  developed  ! 
before  a slab  completely  fails.”  j 

It  should  also  be  noted  that  both  the  1 
ACI  and  NBC  Codes  specify  a minimum  j 
amount  of  negative  reinforcement  at  I 
discontinuous  edges.  j 

The  Marcus  Method  is  a modification  ! 
of  the  old  “crossed  sticks”  formulas  in 
which  load  was  assumed  to  divide  be- 
tween the  long  and  short  spans  inversely 
as  the  fourth  power  of  the  spans.  Dr.  fj 
Marcus  introduced  a very  simple  ap-  ' 
proximate  adjustment  which  takes  ac-  l 
count  of  torsion  and  corner  effects  so  I 
efficiently  that  the  resulting  positive  ; 
moments  have  been  found  to  agree  very  > 
closely  with  moments  calculated  by  ' 
rigorous  elastic  plate  theory.  i 

The  reason  for  making  this  Code 
change  was  that  it  has  long  been  known  | 
that  method  2 of  ACI  1956  led  to  serious  ^ 
underestimation  of  negative  moments  ; 
with  resulting  slab  cracking  and  on  the  | 
other  hand  method  1 of  ACI  1956  which  j 
is  more  accurate  than  method  2 was  not  I 


TABLE  1 

COMPARISON  OF  MOMENT  COEFFICIENTS  FOR  TWO-WAY  SLABS  AS  GIVEN  IN  NBC-1960  AND  M^ETHOD  2 OF  ACI  318-50* 


M A = CawA ^ 

-i> 

Case  2 

B 

Case  3 

3 

ft 

Direction 

of 

Span 

Ratio 

A/B 

B 

Case  1 

Case  4 

Case  5 

Alffjfl 

Case  6 

'iè 

Case  7 

Case  8 

Case  9 

NEGATIVE  MOMENTS  AT 

CONTINUOUS  EDGES 

1.0 

.045(.033) 

.050  (.049) 

.075  (.049) 

.071(.058) 

.033  (.041) 

.061(.041) 

oilOl  l 

Span 

A 

0.7 

.074  (.055) 

.081  (.071) 

.086  (.071) 

.091  (.082) 

.068(.062) 

.081  (.062) 

0.5 

.086  (.083) 

.094(.090) 

.090  (.090) 

.097(.098) 

.089(.085) 

.088,. 085) 

1.0 

.045  (.033) 

.076(.049) 

.0.50  (.049) 

.071  (.058) 

.061  (.041) 

.033  (.041) 

Span 

TD 

0.7 

.017(.016) 

.050  (.024) 

.019(.024) 

.038(.028) 

.029(.020) 

.011  (.020) 

0.5 

.006  (.008) 

.022(.012) 

.006(.012) 

.014(.014) 

.OIO(.OIO) 

.003(.010) 

POSITIVE  MOMENT 

COEFFICIENTS** 

1.0 

.036(.050) 

.024(.025) 

.024(.037) 

.030(.037) 

.030(.037) 

.034(.044) 

.030  (.044) 

.025(.031) 

.028(.031) 

Span 

A 

0.7 

.068(.072) 

.043(.041) 

.053  (.054) 

.0.53(.054) 

.046(.054) 

.057  (.062) 

.061  (.062) 

.049(.047) 

.044(.047) 

0.5 

.095(.083) 

.056(.062) 

.085(.068) 

.071  (.068) 

.058(.068) 

.072(.074) 

.091  (.074) 

.069  (.064) 

.057(.064) 

1.0 

.036  (.050) 

.024(.025) 

.030(.037) 

.030(.037) 

.024  (.037) 

.030(.044) 

.034(.044) 

.028(.031) 

.025  (.031) 

Span 

Ti 

0.7 

.016(.024) 

.010(.012) 

.016(.018) 

.013(.018) 

.009(.018) 

.012(.022) 

.017(.022) 

.013(.015) 

.010(.015) 

0.5 

.006(.012) 

.003  (.006) 

.007(.009) 

.005  (.009) 

.003  (.0091 

.004(.011) 

.007(.011) 

.005  (.008) 

.003  (.008) 

NOTES  : 


* ACI  Method  2 coefficients  are  given  in  brackets  and  are  converted  to  C X w X (Long  Span)^  in  the  case  of  the  B spans. 

**  The  ACI  coefficients  are  given  in  terms  of  C X X (Span)^  wliere  w is  the  total  LL  -f  DL  per  square  foot  regardless  of  the  LL/DL  ratio.  The  NBC  moment 
coefficients  are  given  separately  for  LL  and  DL.  In  comparing  the  two,  it  is  necessary  to  convert  the  NBC  coefficients  to  an  average  coefficient  which  may  be 
applied  to  the  total  load  w.  It  is  also  necessary  to  consider  a specific  LL/DL  ratio.  In  this  table  a LL/DL  ratio  of  2 has  been  assumed  and  the  coefficients  computed 
as  follows: 

DL  Coefficient  -|-  2 X LL  Coefficient 
Average  Coefficient  = 
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ijopular  because  of  complications  in- 
col\’e(l  in  its  application.  It  is  the  writers’ 
opinion  that  the  application  of  the 
Marcus  Method  through  the  use  of  the 
cables  provided  in  the  Code  will  prove 
50  be  simple  and  will  at  the  same  time 
.'•esult  in  slabs  with  improved  service 
reliaviour,  as  compared  with  N13C  1953 
lesigns. 

! iVn  important  innovation  in  the  new 
cables  is  the  provision  for  calculation  of 
oositive  dead  and  live  load  moments 
separately.  This  gives  the  designer  an 
ppportunity  to  make  a more  accurate 
issessment  of  the  effects  of  checker 
board  loading.  No  such  provision  is 
made  for  calculating  negative  moments 
separately  due  to  the  fact  that  maximum 
legative  moments  occur  when  adjacent 
spans  are  loaded  simultaneously.  The 
effect  on  support  negative  moment  of 
nnitting  live  load  on  the  next  remote 
spans  is  considered  to  be  negligible  on 
account  of  the  relatively  high  torsional 
stiffnesses  of  the  supporting  beams. 

As  further  insurance  against  unsightly 
and  sometimes  dangerous  cracking  of 
slabs  of  all  types  the  maximum  per- 
missible spacing  of  reinforcing  designed 
to  resist  calculated  moment  is  23/^b  but 
not  greater  than  15  in.  The  correspond- 
ing maxima  for  shrinkage  steel  are  3t 
and  IS  in.  No  differentiation  is  made 
between  floor  and  roof  slabs  insofar  as 
the  abo\-e  maximum  permissible  spac- 
ings  are  concerned. 

Shrinkage  steel  requirements  for  walls 
were  increased  appreciably  with  the  in- 
tent of  minimizing  the  type  of  cracking 
which  occurs  so  commonly  around  door 
and  wiiulow  openings  and  in  long  walls 
without  sufficient  contraction  joints. 
Many  of  these  changes  merely  codified 
what  has  long  b('en  recognized  as  good 
engine(‘ring  i)ractice  in  crack  control. 

d’h('  most  im|)()rtant  change's  which 
W('re  mad('  in  wall  n'inforcing  reeiuirc'- 
ments  are  as  follows  : 

(1)  'rh('  minimum  pe'rcentagx'  of  hori- 
zontal reinforcing  is  0.00375  rather  tlian 
0.0025  where  tlu'  wall  is  longer  than  30 
It.  and  control  joints  are  spacc'd  at 
greater  than  30  It.  ce'iitn's. 

(2)  "In  addition  to  the  minimum  re- 
iiilbrce'inent  prescribed  in  l’aragra])!)  19, 
there  shall  be  not  kxss  than  two  No.  5 bai’s 
around  all  window  or  dooi'  ope'iiings. 
Such  bai's  shall  bc'  ade(|uately  anchored 

I beyond  th('  corners  of  tiu'  openings.  If 
I lh('  wall  is  more  than  30  It.  long  and  no! 
j dix  ided  by  coid.raction,  ('xpansion,  or 
control  joints  with  a maximum  spacing 
I of  30  ft.,  (he  dianu'f-er  of  llu'  (wo  bai's 
j sh.'di  b('  increase'd  one-eigh(h  of  an  inch 
I lor  each  30  f(,.  incremeid.  of  li'iigdi  up  (o 
I a maximnm  of  (wo  No.  S bars.  Such  bars 
shfdl  be  placc'd  in  coniinnons  lines  for 
(he  full  lengdi  of  wall  a(  (he  (op  and 
bo(((im  of  fonndafion  walls  and  a(  (hi' 
(op  III  all  walls.  More  (han  (wo  bars  w l(h 
an  ei|nivalen(,  (.o(.al  cross-sec( ional  arc;i 
may  be  used.” 


In  this  clause,  which  has  been  quoted 
verbatim  from  the  Code,  such  should 
have  been  “similar”.  It  was  the  Com- 
mittee’s intention  that  bars  identical  in 
size  to  those  specified  for  door  and  win- 
dow openings  should  be  placed  at  the 
top  and  bottom  of  foundation  walls  and 
at  the  top  of  all  walls.  If  a foundation 
wall  contains  nearly  continuous  window 
openings,  it  will  be  necessary  to  use  four 
lines  of  reinforcing  of  the  size  specified, 
i.e.,  at  the  top  and  bottom  of  the  win- 
dows and  top  and  bottom  of  the  wall. 
In  addition  two  No.  5 bars  are  required 
at  each  vertical  side  of  a window. 
(Figs.  4 and  5.) 

Deflection  Control 

In  view  of  the  considerable  number  of 
problems  which  have  arisen  in  recent 
years  due  to  excessive  deflection,  par- 
ticularly in  the  case  of  precast  structures 
both  in  heavy  stone  concrete  and  light 
weight  aggregate  concrete,  careful  con- 
sideration was  given  to  ways  and  means 
of  preventing  such  faults  in  future 
construction. 

For  stone  concrete  the  new  Code  in- 
cludes a table  of  minimum  over-all  slab 
and  beam  depths  expressed  as  fractions 
of  the  span  for  one-wax^  slabs  and  beams 
and  for  various  types  of  end  restraint. 
These  requirements  are  shown  in  Table 
2 of  this  i^aper,  which  has  been  taken 
from  the  Code.  In  addition,  it  is  required 
that  structures  manufactured  of  light 
weight  concrete  shall  have  their  dimen- 
sions so  adjusted  as  to  3deld  the  same 
limiting  deflections  as  for  heavx'  stone 
concrete,  h’or  the  purpose  of  appl.ying 
the  above  requirement,  the  testing 
method  for  determining  Young’s  iModu- 
lus  of  anj^  light  weight  concrete  is  pre- 
scribed. hiighty  per  cent  of  the  estab- 
lished test  value  of  K is  to  be  used  in 
making  deflection  calculations.  4'his  is 
to  |)ro\-ide  for  tlu'  fact  that  the  average 
strength  of  concrc'te  as  determined  bv 
test  must  exceed  the  design  strength, 
which  has  been  taki'ii  as  the  criterion  in 
di'awing  uj)  the  reipiirements  of  'ralxle  2. 


where  calculations  prove  that  the  dept 
can  be  reduced  without  adverse  effects 

It  was  not  possible  for  the  Committee 
to  deal  adequately  with  all  of  the  prob- 
lems which  are  special  to  precast  con- 
crete and  light  weight  concrete  in  the 
time  available.  It  is  the  authors’  opinion 
that  the  above  provisions  are  such  as  to 
insure  against  excessive  deflections,  but 
there  are  many  other  problems  special  to 
this  rapidly-expanding  and  important 
branch  of  reinforced  concrete  which 
require  the  attention  of  a committee 
or  committees  of  NBC  or  CSA  set  up 
specifically  to  study  them  and  develop 
proper  Code  provisions. 

Flexural  Computations 

The  Code  provides  for  approximate 
methods  of  frame  analysis  for  buildings 
of  usual  types  of  construction,  spans  and 
storey  heights  with  the  same  limitations 
and  coefficients  as  in  ACI  1956,  with  the 
exception  of  the  positive  moment  co- 
efficient for  end  spans  which  has  been 
made  1/11  as  compared  with  1 '14  and 
1/11. 

In  the  ACI  Code  1/11  is  used  with 
an  unrestrained,  discontinuous  end 
support  and  1/14  where  the  beam  is 
integral  with  an  end  support.  The  change 
wns  made  because  of  lack  of  confidence 
in  the  tj'pe  of  end  support  normall}' 
provided. 

IMiere  the  designer  chooses  to  deter- 
mine moments  by  accurate  elastic 
methods  of  calculations,  he  max'  take 
account  of  the  actual  condition  of  end 
restraint.  At  the  same  time  he  is  permit- 
ted to  adjust  the  negative  moments  at  the 
siqiports,  for  any  assumed  loading,  b}' 
not  more  than  15%  provided  that  these 
modified  negative  moments  are  used  for 
the  calculation  of  the  corresponding- 
positive  moments  in  the  span. 

4’he  purpose  of  this  clause  is  to  ixermit 
the  designer  to  take  some  account  of  the 
])lastic  behax'iour  of  concrete  xvhere  he 
feels  that  a more  eflicient  use  of  materials 
max'  result.  However,  the  vise  of  ultimate 
strength  design  metliods  is  not  prox  ideil 


TABLE  2 

7’///)c  of  AI Duiiiiim  thickiK'ss  t 

support  

Siiiiph/  Oiiioid  lioth  ends 

Mniibcr  Siipiiorlal  ('ontinnons  ('onliniions  Coniiltrrr 


One-wav  slalis  / 2')  I 39  / 3ë  / 12 

Hearns  / 20  I 23  / 29  I 1(1 


It  was  not  considered  practicid  to 
make  proxision  for  |iossibli‘  dilTei-ences 
in  plastic  creep  behax  ioui-  of  light  xveight 
aggregate  and  standard  aggregate  struc- 
tures other  than  through  a|iplication  of 
(he  abox  e el;mses. 

I’rox  ision  is  made  foi-  modilication  of 
(he  aboxe  minimum  oxerall  depth  re- 
quirement in  the  case  of  stone  conerete 


for  in  the  ('ode  since  it  xxas  (he  feeling 
of  the  Bevision  ('ommittee  that  tliis 
xxould  haxe  requin'd  much  mon'  time 
than  xxas  ;ix';dlal)le  for  the  rexision. 

'I'he  Code  also  requires  (hat  in  con 
tinuous  beams  and  sl;d>s  of  ditïen'iit  s|'a’: 
lengths,  the  positixe  moment  shal  m '.o 
c;ise  be  assumed  less  than  xxould  b'  .is- 
svimed  for  a (ixi'il  condition  at  t'-  • siii- 
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NBC  I960  Stirrup 


ACI  Stirrup 


Fig.  3. 
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port  or  supports  as  the  case  may  be. 
This  provision  is  intended  for  cases  of 
accidentally,  seriously  unbalanced  live 
load  where  usual  methods  of  analysis 
might  indicate  very  low  positive  or  even 
negative  moment  throughout  a span.  It 
is  also  required  that,  except  in  slabs  of 
uniform  thickness,  wherever  analysis 
indicates  a need  for  positive  reinforce- 
ment, the  amount  provided  shall  be  not 
less  than  0.0056'd  for  7’-beams  and 
0.0056c/  for  rectangular  beams. 

Rectangular  and  upturned  beams  are 
required  to  have  a minimum  reinforce- 
ment on  the  compression  side  of  0.0036c/, 
placed  adjacent  to  the  outer  faces  of  the 
beam.  The  purpose  of  this  requirement 
is  to  ensure  that  possible  buckling  of  the 
compression  portion  of  the  beam  will  be 
resisted  bj^  steel  just  as  it  is  resisted  in 
reinforced  concrete  columns  for  which 
minimum  longitudinal  steel  is  also 
specified. 

Welding  and  Tension  Splices 

As  referred  to  previously  under  shear, 
welding  of  stirrups  to  longitudinal  steel 
is  permitted  provided  the  steels  are  of 
suitable  quality  and  the  approval  of  the 
authority  having  jurisdiction  is  granted. 

Where  tension  splices  are  required, 
definite  rules  are  laid  down  regarding 
acceptable  types. 


Welded  tension  splices  are  permitted 
only  when  the  steel  is  of  suitable  quality 
and  with  the  approval  of  the  authority 
having  jurisdiction.  The  minimum  over- 
lap for  a lapped  tension  splice  is  36  bar 
diameters.  Whether  the  splice  is  by 
welding  or  by  lapping  centres  of  splices 
in  parallel  bars  shall  be  offset  at  least  42 
bar  diameters.  In  any  case,  not  more 
than  one-fifth  of  the  tensile  reinforce- 
ment is  to  be  spliced  at  the  same  section, 
unless  tests  prove  to  the  authority  hav- 
ing jurisdiction  that  a greater  proportion 
may  be  safely  spliced  at  the  section. 

Where  lapped  tension  splices  are  used 
in  beams  or  direct  tension  members,  ties 
are  required  having  a diameter  not  less 
than  one-quarter  that  of  the  spliced 
bars  and  spaced  not  farther  apart  than 
10  bar  diameters  along  the  full  length 
of  the  splice  to  prevent  splitting. 

The  general  philosophy  of  the  Re- 
vision Committee  in  the  preparation  of 
the  above  clauses  relating  to  splices 
might  be  stated  as  follows  : 

(1)  Although  not  opposed  to  welding, 
the  Committee  felt  that,  before  approv- 
ing of  anything  more  than  one-fifth  of 
the  bars  to  be  welded  at  any  section,  it 
would  be  necessary  to  have  a Code  pro- 
viding much  closer  control  over  steel 
quality  and  welding  quality  than  is  at 
present  available  on  the  normal  re- 
inforced concrete  project. 


(2)  Because  of  the  tendency  of  cracks  i 
to  form  at  the  ends  of  tension  bars  in  ; 
tension  concrete  zones  and  the  generally  i 
accepted  opinion  that  anchorage  of  steel 
in  tension  zones  should  be  avoided,  a : 
conservative  approach  should  be  taken  ■ 
with  respect  to  the  use  of  tension  lapped  ; 
splices.  Reports  by  more  than  one  ' 
investigator^®'^®  indicate  that  the  danger 
of  concrete  splitting  is  serious  where  ! 
large  diameter  bars,  with  accompanying  j 
large  bond  stresses,  are  used.  The  Com-  f 
mittee  therefore  decided  to  adopt  a con-  I 
servative  approach  in  setting  up  the 
above  lapped  splice  clauses.  ; 

The  requirement  of  36  bar  diameters  ' 
lap  is  approximately  50%  higher  than  ‘ 
has  been  indicated,  in  some  tests,  as 
required  for  full  development  of  the  | 
tensile  strength.^®  On  the  other  hand,  | 
tests  by  others^®  have  shown  excessive  i 
spalling  and  cracking,  particularly  with  , 
large  deformed  bars.  The  36  bar  dia- 
meter  lap  should  serve  to  provide  a more 
gradual  transfer  of  stress,  while  the  42  i 
bar  diameter  stagger  should  provide 
sufficient  separation  of  the  areas  of  , 
stress  concentration  at  the  bar  ends.  ; 

Chamberlin’s  tests^®  show  that  ties  ! 
result  in  about  a 25%  increase  in  | 
strength,  particularly  in  splices  of  de-  | 
formed  bars  for  which  splitting  is  a 
problem. 

It  is  expected  that  the  combined 
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effects  of  the  application  of  the  above 
splice  clauses  will  provide  security  where 
tension  splices  must  be  used  and  also 
ensure  satisfactory  performance  with- 
out cracking  or  spalling  under  normal 
loading. 

Columns 

The  column  section  of  the  Code  is 
essentially  the  same  as  ACI  1956  with  a 
few  minor  modifications. 

(1)  No  minimum  cross  section  re- 
quirements are  applied  to  precast  con- 
crete. The  main  reason  for  such  limita- 
tions on  cross  sections  of  columns  in  the 
past  has  been  the  difficulty  in  placing 
concrete  in  small  sections.  This  problem 
is  greatly  reduced  when  columns  are 
cast  in  a horizontal  position  as  is  usual 
in  precast  members. 

(2)  The  minimum  dimensions  for 
principal  cast-in-place  columns  are  re- 
duced to  not  less  than  12-in.  diameter, 
not  less  than  100  sq.  in.  for  rectangular 
sections,  and  the  least  lateral  dimension 
of  the  same,  not  less  than  8 in. 

In  the  case  of  short  rectangular 
columns  (not  exceeding  7 ft.  in  height) 
the  minimum  permissible  cross  sec- 
tional area  is  50  sq.  in.  and  the  minimum 
permissible  lateral  dimension  is  6 in. 
These  are  usually  minor  columns  less 
than  one  storey  in  height,  e.g.  posts 
under  stair  landings. 

These  changes  have  been  made  to  take 
account  of  the  existence  of  improved 
methods  of  placing  concrete.  It  must 
still  be  the  designer’s  responsibility  to 
assure  himself  that  the  dimensions  he 
has  selected  for  any  particular  column 
will  be  such  as  to  permit  the  production 
of  good  quality  cast-in-place  columns. 

(3)  The  maximum  permissible  ratio 
li/t  remains  as  in  ACI  1956.  However, 
wlu're  complete  and  detailed  calcula- 
tions are  made  in  which  the  actual  and 
restraints  and  eccentricities  and  the 
('fhx'ts  of  shrinkage  and  plastic  flow  are 
l)roi)('rly  provid('d  for  this  ratio  maj'  be 
itiereas('d  to  30. 


The  Codes  of  many  other  countries 
permit  considerably  more  slender 
columns  than  those  permitted  by  NBC 
1953  and  ACI  1956.  It  is  the  Com- 
mittee’s firm  conviction  that  such 
columns  may  be  safely  designed,  but 
that  much  more  care  must  be  exercised 
than  in  the  usual  building  column 
design  operation. 

(4)  NBC  1960  is  nearly  identical  with 
ACI  1956  with  regard  to  design  and 
analy.sis  of  eccentrically  loaded  columns. 
The  ACI  formulas 


fa  fh 

e.g. 1 > 1 

Fa  Fh 


which  are  of  the  interaction  type  for  e/t 
ratios  not  greater  than  2/3  are  simple 
to  use,  are  well  established  and  are 
based  on  an  assumed  uncracked  section. 
However,  NBC  1960  contains  a clause 
which  requires  that,  where  50%  or  more 
of  the  bending  stress /6  is  due  to  moments 
caused  by  horizontal  loads  and  e/t  ex- 
ceeds 1/3,  the  cracked  section  method  of 
computation  is  to  be  used. 

The  purpose  of  this  clause  may  best 
be  e.xplained  by  a discussion  of  the 
philosophy  behind  the  use  of  the  un- 
cracked section  theory  for  e/i  up  to  2/3. 

In  permitting  the  assumption  of  an 
uncracked  section  for  an  e/t  ratio  as  high 
as  2/3,  it  has  been  argued  that  plastic 
flow  of  the  compression  concrete  com- 
bined with  possible  cracking  of  the  ten- 
sion concrete  will  result  in  some  relief 
of  the  bending  moment  put  into  a 
column  by  vertically  loaded  beams  or 
girders.  It  was  the  Committee’s  opinion 
that  it  would  be  unwise  to  rely  on  such 
relief  of  moment  where  the  cause  of  the 
moment  was  horizontal  loading  rather 
til  an  vertical. 


Footings 

This  jrortion  of  the  code  is  nearlj- 
identical  with  ACI  1956  exceiff  that  : 

(1)  tensile  reinforcement  in  two-way 
n-inforced  footings  is  to  jirovide  a 
moment  of  resistance  at  least  equal  to 


100%  of  the  moment  on  a section  com- 
puted by  the  ACI  1956  method  rather 
than  85%  as  required  by  ACI. 

It  has  been  pointed  out  by  Pdchart,^^ 
Ferguson^^  and  others  that  the  85% 
quirement  w'as  the  result  of  an  earlier 
erroneous  method  of  calculating  the 
bending  moment. 

(2)  A clause  has  been  added  requiring 
the  tensile  reinforcement  in  an}^  direc- 
tion to  have  an  embedment  length  be- 
yond the  critical  section  for  shear 
sufficient  to  develop  the  allowable  stress 
in  the  steel  at  the  bond  stresses  allowed 
for  footings. 

Whitney®  has  shown  that,  in  order  to 
obtain  full  efficiency  of  reinforcement, 
the  length  of  embedment  outside  the 
pyramid  of  rupture  must  be  capable  of 
developing  the  yield  strength  at  the 
point  where  it  intersects  the  pyramid 
of  rupture. 


High  Tensile  Steel 

No  provision  has  been  made  for  the 
use  of  high  tensile  steels  except  as  in 
ACI  1956  where  in  the  case  of  one-way 
slabs  of  not  more  than  12  ft.  span  where 
the  permissible  tensile  stress  for  main 
reinforcement,  3/8  in.  or  less  in  dia- 
meter, has  been  set  at  50%  of  the  mini- 
mum specified  yield  point  in  the  CSA 
specification,  but  in  no  case  to  exceed 
30,000  p.s.i. 

There  was  considerable  support  for 
the  immediate  adoption  of  higher  allow- 
able steel  stresses  in  general.  However, 
it  was  the  Committee’s  opinion  that 
there  were  still  too  man}'  problems  to  be 
answered  satisfactorily  with  respect  to 
the  effects  of  higher  stresses  on  cracking 
and  bond  stresses  to  permit  an  upward 
revision  of  the  allowable  stresses  with- 
out considerabh'  more  time  for  study 
than  was  available.  It  is  the  writers' 
conviction  that  this  problem  is  in  need 
of  immediate  .study  by  a committee  set 
uji  especially  for  the  purpose,  so  that  the 
efficient  use  of  higher  strength  steels  may 


Fig.  4. 


Fig.  5. 
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be  provided  for  in  the  next  NBC  revision. 
Concrete  Materials 

The  section  of  the  Code  dealing  with 
concrete  materials  and  methods  of  con- 
struction other  than  reinforcing  steel  is 
based  almost  completely  on  CSA-A23.1 
Code  for  Concrete  Alaterials  and 
Methods  of  Concrete  Construction.  This 
CSA  document,  published  last  Decem- 
ber. is  the  result  of  a long  and  intensive 
effort  on  the  part  of  a CSA  committee 
under  the  Chairmanship  of  Hugh  Ross 
of  the  Hydro  Electric  Power  Com- 
mission of  Ontario. 

Matters  pertaining  to  concrete  mater- 
ials are  dealt  with  by  reference  onlj^  to 
the  CSA  standard,  but  clauses  concern- 
ing important  details  of  consti'uction  are 
printed  in  the  Code  since  such  informa- 
tion is  often  closely  connected  with 
design. 

Precast  Concrete 

As  mentioned  earlier  under  the  head- 
ing of  deflection,  the  Revision  Com- 
mittee did  not  have  time  to  deal  ade- 
quately with  the  special  prolrlems  per- 
taining to  precast  construction.  The 
Code  requirements  are  essentially  those 
of  ACI  1956  plus  a slightly  modified 
repetition  of  the  NBC  1953  rules  for 
precast  concrete  joist  floors.  A thorough 
Committee  study  with  a view  to  prepar- 
ing a specification  for  this  important 
type  of  construction  is  urgently  needed 
in  view  of  its  rapidly  increasing  use. 

A few  of  the  problems  special  to  this 
held  and  not  proj^erly  dealt  with  in 
NBC  1960  are  : 

1 . Working  stresses,  especiall.y  in 
shear  anrl  bond  for  light-weight  con- 
crete ; 

2.  Cover  to  reinforcement — should  it 
be  less  in  precast? 

3.  Accurate  methods  of  i)redicting 
shrinkage  and  creep.  These  are  par- 
ticularly important  in  deflection  and 
warping  calculations  ; 

4.  Connections  and  details — this  is  a 
difficult  problem  and  is  already  being 
intensively  studied  bj^  man}^  individuals  ; 

5.  Working  stresses  for  temporarj^ 
connections  ; 

6.  Anchorage  ; 

7.  Bar  spacings — minimum  less  when 
precast  and  vibrated? 

8.  Relative  strengths  and  stiffnesses  of 
monolithic  cast-in-place  concrete  and 
structures  made  from  precast  elements 
joined  by  mechanical  anchors  ; 

9.  The  use  of  welding  in  precast  work 
— field  and  shop. 


Prestressed  Concrete 

The  Code  recjuires  that  “the  materials, 
design  and  construction  of  prestressed 
concrete  structural  members  shall  com- 
ply with  CSA  specification  Design  and 
Construction  of  Prestressed  Concrete”. 

Although  the  reference  CSA  specifica- 
tion had  not  been  completed  at  the  time 
of  printing  of  the  Code,  the  Revision 
Committee  was  aware  of  the  general 
nature  of  the  proposed  specification  and 
was  given  an  estimate  of  the  probable 
time  of  its  publication  as  sometime 
during  1961. 

It  is  anticipated  that  the  final  form  of 
the  CSA  specification  will  be  similar  to 
ACI — ASCE  Joint  Committee  323 — 
Tentative  Recommendations  for  Pre- 
stressed Concrete,  but  will  differ  from  it 
in  some  verj'  important  respects.  The 
most  important  difference,  of  course, 
will  be  that  it  is  a specification  rather 
than  a recommended  practice.  In  writ- 
ing a specification,  the  CSA  Committee 
has  fouiul  it  necessary  to  be  much  more 
definite  about  many  points  than  the 
ACI  document,  with  the  consequence 
that  many  completed}^  new  clauses  have 
been  required. 

Generally  it  may  be  stated  that  the 
allowable  stresses  and  required  ultimate 
safety  factors  are  likely  to  be  the  same, 
but  that  in  areas  involving  shear  and 
bond  there  will  be  appreciable 
differences. 

Concluding  Remarks 

With  NBC  1960  now  published,  it  is 
apparent  that  the  never-ending  task  of 
revision  must  be  carried  on.  At  the  time 
of  the  next  revision  it  should  not  be 
necessary  to  say  that  : 

(1)  Satisfactory  clauses  for  welding 
could  not  be  written  because  of  the  lack 
of  a suitable  welding  Code  and  inade- 
quate inspection  requirements  in  normal 
construction  ; 

(2)  The  special  problems  involving 
precast  concrete,  and  light-weight  con- 
crete were  too  numerous  to  be  dealt  with 
by  the  Committee  in  the  time  available  ; 

(3)  Clauses  permitting  the  use  of  high 
tensile  steel  reinforcement  and  ultimate 
strength  rlesign  were  not  included  be- 
cause of  lack  of  sufficient  research  evi- 
dence and  insufficient  time  for  the 
thorough  study  which  would  have  been 
necessary 

These  outstanding  problems  have 
been  brought  to  the  attention  of  the 
responsible  bodies  of  the  NBC  and  CSA 
respectively  and  it  is  understood  that 
steps  are  being  taken  for  an  extensive 
review  of  the  Concrete  Section  of  the 
Code  before  the  1965  revision. 

If  this  commentary  has  done  nothing 
else,  it  is  hoped  that  it  has  pointed  out 


clearly  some  of  those  areas  in  which 
further  study  is  needed  by  whatever 
group  or  groups  are  responsible  if  we  are 
to  make  efficient  use  of  our  engineering 
talent  and  safe  as  well  as  efficient  use 
of  our  natural  resources  in  reinforced 
concrete  construction. 
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RANDOM  VARIABLES 
IN  ENGINEERING  DESIGN 


Presented  at  the  75th  E.I.C.  Annual  General  Meeting,  Vancouver,  May  1961. 


The  UIHQUITY  of  significant  statis- 
tical effects  in  engineering  systc'ins 
has  becanne  increasingly  recognizi'd  by 
(h'signers  in  recent  years,  resulting  in 
considerable  changes  in  many  design 

Fig.  1.  Some  stochastic  variables 


•HI 
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jirocedun's.  Thus  a design  for  statistical 
(stochastic,  random)  signals  has  aug- 
mentiHl  or  evcm  i-eifiaced  classical  design 
liroccdures  based  upon  stc'ady-state, 
sinusoidal  or  transic'iit  inputs. 

.Most  enginec'ring  systems  are  af’fc'cb'd 
by  natund  signals,  all  of  which  are  at 
least  i)artially  random,  forexamjjle,  rain- 
fall, waves,  wind,  air  tcm|)('ratun',  earth- 
(|uak('s,  ground  roughiu'ss  and  cosmic 
radiation.  l''urtlu'rmon'  r;indomness  is 
gcuci'atc'd  within  cnginci'ring  systems 
by  vai'ious  man-made  compoiu'iits,  for 
cxami)k',  vacuum  tubi-s.  Stochastic 
signals  arc  important  to  tiu'  complcti' 
s])('ctrum  of  cngiiuH-ring  systems,  from 
the  low-power  ‘‘communications"  field 
(c.g.  utilization  of  ti'lci)hon('  chamu'ls) 
through  to  tIu'  luany  “power"  field 
(('.g.  rainlall  ;md  eonsumer  (dectrical 
loads  are  both  stoehastie  and  both 
alïei't  hydro-t'leeti'ic  powc'r  systems 
ilesignb 

'rri'atnu'ut  of  stochastic  signals  was 
pioneered  by  the  eomnumie.at ions  lii'M, 
but  interest  from  other  fields  has  in- 


creased rapidly.  This  is  attributable, 
partly  at  least,  to  the  general  “tighten- 
ing” in  design  procedures  in  recent 
years,  as  design  has  become  more 
scientific  ; for  instance,  more  hydro- 
graphic  data  is  becoming  available  while 
our  unutiliz('d  suiiplies  of  fresh  water 
are  being  exhausted,  so  that  we  must 
use  what  is  availabh-  as  etlieiently  as 
possible'.  .Vlso  we  should  note'  that 
(h'sign  of  large'  .syste'ins  with  stoe'hastie' 
variables  has  e)idy  be'e'enne'  jiracf ie-able 
with  the'  aelvent  eff  high-spe'e'el,  ele'e- 
treinie'  e'ennpute'rs  (both  analeig  anel 
eligital). 

riiis  pape'r  will  attempt  te>  sum- 
marize' the'  impentant  jire^pe-rf ie's  and 
tre'atme'iit  of  steu'hasf ie-  signals  from  an 
engiiie'e'r's  xie'wpennt.  It  is  there'feuv 
large'ly  tutewial,  aiitl  the'  re'aele'r  is  re'- 
fe'rre'il  te>  the' nnmv  e'Xe'e'lK'iit  te\tbt'oks‘ 
and  spe'e'ialist  artie'le's  a\‘ailable'  in 
the  lite'rature'  few  ele'ejn'r  stmly  I'er 
re-aele'i's  e'ouiplete'ly  new  to  st.-itistn-, 
this  pape-r  is  e-eunple'me'nte'>l  b\-  tlu'  v-  r\ 
e'le'iue'utaiw  iut roduci ieuT  b\-  tie  ;uifhor 
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(b)  CONTINUOUS  APO  FROM  FIG.  I(al 


Fig.  2.  Amplitude  probability  density 
( APD  ) functions 


Description  of  Stochastic  Signals 

Individual  time  histories  of  natural 
stochastic  signals  may  be  available  in 
many  cases  ; for  example,  earthquakes 
and  ambient  temperatures.  Such  sto- 
chastic signals  often  exhibit  a definite 
periodicity,  due  to  such  effects  as  lunar 
attraction,  and  earth’s  rotation.  None- 
theless there  is  a sufficiently  large 
random  fluctuation  that  the  time  history 
of  such  a signal  cannot  be  described 
explicitly;  in  other  words  the  signal’s 
time  history  cannot  be  reproduced  by 
simple  calculation  from  a formula. 
However,  satisfactory  descriptive  mea- 
sures must  be  available  if  the  engineer 
is  to  predict  and  cany  out  simulated 
experiments  on  the  effects  of  such 
signals  upon  his  aircraft,  buildings, 
breakwaters,  radar  communication,  etc. 
Thus  he  utilizes  the  results  of  statistical 
theory  and  specifies  only  a small  number 
of  average  measures.  Typically  one  or 
two  measures  must  be  known  and  these 
specify  only  a class  of  random  signals, 
within  which  there  is  an  infinite  number 
of  actual  time  histories  possible. 

Probability  measures  are  defined  for 
an  ensemble  of  similar  stochastic  records 
sampled  simultaneously.  If  the  values 
of  given  measures  do  not  change  when 
the  sampling  is  done  at  different  points 
in  time,  then  the  stochastic  variable  is 
said  to  be  stationary.  Then  the  Ergodic 
Hypothesis  is  satisfied  and  one  may 
calculate  the  statistical  measures  by 
taking  samples  from  one  record  only, 
spread  in  time. 

In  the  following  sections  we  consider 
the  common  measures  and  some  results 
of  engineering  importance,  with  ex- 
amples. The  measures  are, 

(i)  The  probability  density  function, 
p{x),  including  the  Gaussian  or  Normal, 
and  the  moments  of  this  function, 
especially 

(a)  the  mean,  y 

(b)  the  standard  deviation,  a 

(ii)  The  auto-correlation  function  and 


its  Fourier  transform  the  power  spectral 
density. 

The  following  concepts  are  also 
mentioned  ; 

(i)  Stationarity 

(ii)  Confidence  (in  statistical 
measurements) 

(hi)  Filtering 

(iv)  Extreme-value  statistics. 

We  should  note  that  both  con- 
tinuous and  discontinuous  random  sig- 
nals are  of  engineering  importance 
(although  all  signals  are  quantized  of 
course  at  the  microscopic  level).  The 
height  of  waves  at  a particular  point  on 
a body  of  water,  for  example,  n:^y  be 
considered  continuous  in  both  amplitude 
and  time  (Fig.  1(a)).  If  now  we  use  an 
instrument  which  measures  only  to  the 
nearest  foot,  then  we  have  quantized 
the  continuous  signal  (Fig.  1(b)). 
In  each  case,  however,  we  need  both  an 
amplitude  measure,  p{x),  and  a fre- 
quency (or  time)  measure  (the  power 
spectral  density,  or  auto-correlation 
functions).  On  the  other  hand,  in  a 
single-channel  telephone  line  there  is 
only  binary  amplitude  discrimination 
(i.e.,  there  is  or  is  not  a call  in  progress 
at  any  time,  (Fig.  1 (c)).  Only  one 
measure  is  now  needed,  namely,  the 
time  measure.  These  points  will  be 
discussed  more  fully  later. 

Probability  Density  Function 

The  probability  density  function  is  a 
measure  of  the  relative  frequency  of 
occurrence  of  the  possible  signal  values. 
Signal  amplitude  is  the  most  frequently 
used  variable  and  the  function  is  then 
called  the  amplitude  probability  density 
function,  p{x).  The  magnitude  of  p{x) 
at  any  x is  defined  by, 

probability 

dx  dx 

X-—  <x<x+  — 


The  amplitude  probability  density  for 
Fig.  1(a)  is  sketched  in  Fig.  (2b). 

When  a quantized  signal  such  as  in 
Fig.  1(b)  is  taken,  a probability  histo- 
gram is  obtained  as  shown  in  Fig.  2(a). 
Each  part  of  the  histogram  represents  a 
finite  probability  P(.t).  Both  functions 
must  satisfy  the  unit  probability  condi- 
tion that  some  amplitude  occurs,  viz. 

■+» 

pix)  ■ dx  = 1 or  ^ P{xi)  = 1 (1) 


Moments  of  the  Amplitude  Probability 
Density:  Eq.  1 actually  represents  the 
zero-th  moment  of  the  amplitude 
probability  density.  Moments  are  im- 
portant measures  of  stochastic  vari- 
ables, of  which  the  first  and  second  are 
widely  used  by  engineers  under  other 
names.  The  n-th  moment  of  the  ampli- 
tude probability  of  a continuous  sto- 
chastic variable  is  defined  as. 


Vn{x)  = 


a;"  - pix)  ■ dx  (2) 


(i)  The  mean — or  first  moment,  vi, 


vi{x)  = p 


X - pix)  ■ dx  (3) 


This  is  the  commonly-met  mean  or 
average  value  of  a signal. 

(ii)  The  mean  square  value — or  second 
moment,  v-2  ; actually  for  n > 1,  we 
usually  woi'k  with  the  central  moments 
(m„)  i.e. 


M2(.t) 


2 


2 

— p)  ■ p{x)  ■ dx 


(4) 

a-  is  the  mean  square  deviation  from 
the  mean,  i.e.  the  variance  of  the 
variable,  and  a is  the  standard  deviation. 

The  higher  moments  also  become  of 
interest  in  some  engineering  problems. 
Now  the  particular  amplitude  prob- 


Fig.  3.  Some  useful  probability  density  functions  (normalized) 
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ability  of  Fig.  2 has  no  general  interest 
because  it  was  derived  from  a short 
section  of  hand-drawn  curve,  and  we 
merely  note  in  passing  that  it  has  two 
peaks  and  is  therefore  called  bimodal. 
However,  there  are  several  mathe- 
matically derived  amplitude  probability 
densities  which  are  found  experimentally 
to  be  good  models  of  many  natural 
signals.  We  will  briefly  discuss  the 
Gaussian  and  Exponential,  (Fig.  3). 
Other  amplitude  probability  densities 
such  as  the  Poisson,  Rayleigh,  and 
rectangular  are  also  important. 

Gaussian  {Normal)  Amplitude  Prob- 
ability Density  : The  Gaussian  is  a 
particularly  powerful  amplitude  pro- 
bability density  model.  The  Central 
Limit  Theorem,  indeed,  states  that  the 
sum  of  n independent  random  variables 
will  tend  to  have  a Gaussian  amplitude 
density  as  -+  œ,  no  matter  what  may 
be  the  distributions  of  the  original 
variables. 

d’he  Gau.ssian  amplitude  probability 
dc'nsity  function 


(•'■>) 

and  is  shown  in  Fig.  3 for  the  z('ro-mean 
case.  Actually,  by  redefining  the  vari- 
ble  as 

-C'y") 

a nornndized  Gaussian  independ('nt 
of  y and  a is  obtaiiK'd,  which  is  the  one 
<'onnnonly  tabulated.  There  is  (iS% 
probability  of  the  Gaussian  signal  fall- 
ing b('tw('en  y ± a)  and  93%  lu’obability 
between  y rt  2a,  ('te.  'PIk'  Gaussian 
also  has  the  useful  prop('rtv  that  all 
higlK'r  moments  are  di'lined  by  tlu'  first 
two,  y and  a. 

Idg.  I shows  a .sanii)l('  of  the  voltagi' 
history  of  a nuidom  noisi'  giau'raf  i'r  ust'd 


in  analog  computer  work,  which  has  a 
Gaussian  distribution. 

Exponential  Amplitude  Probability 
Density:  The  Exponential  (Fig.  3)  is, 

p{x)  = ae”""  (7) 

It  has  only  one  parameter,  a,  and  the 
first  two  moments  are, 

y = 1/a  = a (8) 

The  exponential  distribution  is  asym- 
metric about  the  mean,  and  the  variable 
is  limited  to  positive  values. 

Commonly  the  exponential  is  used  to 
model  the  distribution  of  time  dura- 
tions of  such  phenomena  as  phone  calls 
and  servicing  in  gasoline  stations,  etc. 
Fig.  1(c)  is  a sample  of  such  a pheno- 
menon. We  note  now  for  further  refer- 
ence that  the  exponential  amplitude 
])robability  densit}'^  is  really  expressing 
the  time  (or  frequency)  characteristics 
of  the  signal  rather  than  the  amplitude 
characteristics.  However,  there  are  con- 
tinuous signals  also  whose  amplitude 
probability  density  function  is  like  the 
exponential.  For  example, 

(i)  Rectified  gust  velocity  ;’■* 

(ii)  Variables  in  a non-linear  closed- 
looj)  dynamic  system.^ 

Some  Engineering  Examples  Using 
the  Probability  Density  Function 

We  will  consider  a tew  engiin'cring 
applications  using  only  tlu'  properties 
of  probability  density  functions  so  far 
consid('i'c(l. 

Extreme  I’n/ac  Sltili.'<lics  : In  the 
design  of  almost  all  engineering  .'Systems, 
an  ('conomie  balanet'  must  Ih'  obtained 
between  tiu'  total  eapaeit>'  provided 
for  tlu'  system  and  tin'  utilité  of  tins 
('xtr.a  capacity.  Thus  in  all  utility 
st'rviei's  (transit,  eli'ctrie.  gas.  eoin- 
mnnie.’it  ions')  a very  laigi'  capaeitv 
iinK'i'd  would  be  need('d  to  provide 
s.atisfaetory  eapaeitx  for  the  worst 
condition  th.at  might  occur,  and  in 


general  the  utility  of  such  extreme 
capacity  does  not  justify  its  cost.  In 
such  cases  the  demand  for  servfice  is  a 
stochastic  variable®  and  we  are  interest- 
ed in  the  amplitude  probability  densitj" 
in  order  to  perform  the  appropriate 
economic  calculations. 

Similarly  in  design  of  structures,  air- 
craft, ships  and  breakwaters,  and  heat- 
ing plants,  one  needs  to  know  the 
extreme  values  of  environmental  dis- 
turbances which  may  occur  ; wind  and 
earthquakes,  air  turbulence,  water 
waves,  and  ambient  temperatures.  The 
design  of  a protective  system  against 
freezing  of  the  St.  Lawrence  Seaway-® 
provides  one  fascinating  and  large-scale 
illustration  of  the  statistical  problem 
involved  : namelj',  to  obtain  sufficient 
natural  data  over  a sufficient  range  of 
time  in  order  to  be  able  to  predict  the 
probabilities  of  e.xtreme  values  with 
some  confidence  ; or  alternatively  to 
have  sufficient  confidence  in  an  à 
priori  theoretical  model  of  the  amplitude 
l)robability'  density  to  allow  satis- 
factory prediction  of  extreme  values. 

As  a hypothetical  numerical  example, 
consiiler  that  an  earthquake  could 
cause  .SIO®  ilamage  if  some  certain  new 
buildings  were  to  be  destroyed.  Assume 
that  the  “strengths"  of  100  earth- 
((uakes  at  the  site,  with  mean  fre- 
(luency  of  one  per  year,  are  available 
as  an  amplitude  probability  densitv . 
and  that  the  maximum  one  recorded  is 
2a  bi'vond  the  mean  value,  y.  nesign 
calculations  show  that  each  a of  extra 
protection  beyond  y -f-  2a  costs  810' 
(obviously  a sinqilification  !)  Should 
one  design  against  stronger  carth- 
(juakes  than  y + 2a.  and  if  so  by  how 
much?  Glcarly  the  problem  is  not  yet 
spceilied  snifieiently.  If  the  complete 
amplitude  probability  density  of  all 
I'arthipi.akes  whieh  have  <i--d  nil  . . ■ 
ocenr  were  known,  then  one  ctuild 
di'sign  for  an  econtunie  ininintuiv;  Tins 
is  not  possible,  but  assm  _ ■ i,  tor 
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numerical  purposes  that  earthquake 
strengths  have  an  exponential  ampli- 
tude ]3robability  density  (with  n = a) 
the  following  table  shows  that  an 
economic  minimum  occurs  by  protect- 
ing against  a maximum  earthquake 
strength  of  about  n -t-  Aa. 


decisions  in  systems  engineering  can  be 
very  great  ; 

(iv)  Human  life  inevitably  must  be 
given  a value  in  such  analyses.  This 
immediatel}'  takes  the  otherwise-en- 
gineering prolrlem  into  the  moral  and 
sociological  domain  ; 


Earthquake 

“strength” 

Probability 
of  occurrence 
per  year 

Expected 
earthquake 
loss  per 
year 

Extra  cost  of 
protection  per 
year  above 

IX  Y 2a 

Total 

system 

cost 

Using  Exponential  distribution 

IX  = a 

$ X 106 

$ X 10® 

$ X 10® 

IX  + 2(T 

0.0498 

49.8 

— 

49.8 

IX  + 3cr 

0.0183 

18.3 

10 

28.3 

M + 4(7 

0.0067 

6.7 

20 

26.7 

IX  + 5a- 

0.0025 

2.5 

30 

32.5 

IX  Y 6a 

0.0009 

0.9 

40 

40.9 

The  followin 
noting  ; 

g points  are 

worth  (v)  Even  if  the  engineer  does  not  per- 

form such  an  analysis,  the  insurance 

(i)  Expected  Loss.  The  expected 

value  firm 

must  do  so  to  decide  on  the 

of  some  function  of  a random  variable  is 
often  iK'eded.  It  is  the  product  of  the 
probability  of  occurrence  and  the  cost 
(or  pay-off)  of  the  occurrence  ; 

(ii)  The  exponential  amplitude  prob- 
ability density  model  is  of  necessity 
invalid  at  some  extremity  of  value,  since 
nature  can  never  produce  infinite  signals. 
Prc'diction  beyond  extreme  values  of  the 
short  sample  usually  available  by  using 
a best-fit  theoretical  amplitude  j^rol)- 
ability  density  is  therefore  very  un- 
certain ; 

(iii)  The  monetary  gain  from  good 


Functions  of  a Statistical  Variable  : 
In  engineering  systems  one  variable,  y, 
often  depends  in  some  functional  man- 
ner upon  another  variable,  x,  which  is 
itself  a random  variable, 
i.e.  X = h(y) 

and  x{t)  has  an  amplitude 

probability  ( (9) 

density,  pVx)  ) 

An  analj’tic  technique  is  available  to 
change  the  vailable  and  obtain  the  new 
amplitude  ])robability  density,  P2(y), 
(e.g.  Ref.  8,  p.213)  from  pi(x),  i.e. 


P2{y)  = Piifiy)) -If'iij)]  (10) 

In  many  cases  the  new  amj^litude 
probability  density  need  not  be  calcu- 
lated, but  only  some  small  number  of 
parameters.  Thus,  as  one  example,  we 
consider  the  case  of  bearing  wear,  in 
which  the  instantaneous  wear  rate  is 
believed  to  vary  as 

y = 6a”*  (11) 

where  x is  the  instantaneous  load. 


From  actual  railroad  records  the  ampli- 
tude probability  density  of  x was  found 
to  be  closely  approximated  by  the 
Gaussian,  ' with  mean  y equal  to  the 
static  weight,  and  r.m.s.  deviation  in  the 
range,  0.1/x  < a < 0.2y.  For  engineer- 
ing design  we  need  to  know  the  ex- 
pected increased  wear  over  the  static 
case,  or  alternatively,  the  mean  equiv- 
alent static  load  which  produces  the 
same  total  wear. 


i = iÿ/bŸ'" 


(12) 


Now  the  total  wear  Y in  a time  T is 


Ct 


Y = 


y{t)  dt 


and  the  average  wear  rate  is, 

"T 

1 

y 


1 

T J 


y{t)  dt 


(13) 


{x{t)y  dt  (14) 


Fig.  5.  Vn  = (A)"  = n"‘  moment  about  the  origin 


Fig.  6.  Some  typical  power  spectral  densities  (PSD)  and 
auto-correlation  functions  (ACF) 


(ol  SOME  TYPICAL  PSD 


(b)  ACF  CORRESPONDING  TO  PSD 
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Fig.  7a.  Normalized  power  spectral  density  for  a pressure-wave-recordi^ 


Fig.  7b.  Normalized  auto-correlation  function  computed  for  a prcssure-wavc-rccord'-'* 


Ikit  {(It/T)  is  the  average  proportion  of 
time  (luring  which  the  instantaneous 
load  is  .r,  which  from  the  definition  of  an 
implitude  probability  density  is  also 
t){x)  ■ d.r,  i.e. 

y = pix)  (lx  (15) 

Substituting  Eq.  15  in  Eq.  14, 


*4-00 


y = b x^pix)  dx 

(16) 

land  from  Eq.  2, 

ÿ = b - Vn{x) 

(17) 

and  from  Eq.  12, 

i X = {('n(x)}^^") 

(18) 

(x)”  = Vnix)  I 

.(Note  that  the  limits  of  integration  in 
lEq.  14  must  be  changed  to  integrate 
lover  the  permissible  amplitude  range  of 
the  variable  x ; in  fact,  since  the  wheel 
jumps  off  the  track  for  x < 0 we  can  in 
practice  make  the  lower  limit  0). 
Equations  18  show  that  the  mean 
equivalent  static  load  for  an  n-th  law 
wear-load  relation  is  defined  b.y  the 
n-th  moment  of  the  load  amplitude 
probability  density  about  the  origin. 
These  moments  are  tabulated  f and 
Fig.  5 ]:)resents  a complete  design  chart 
for  Gaussian  and  rectangular  amplitude 
])robability  densities,  for  2 < n < G,  as 
functions  of  a for  the  Gaussian,  and  of 
the  sc'ini-range  6 for  the  rectangular. 
(.Mean  value  of  x = p = I has  been 
assumed  for  convenience  without  loss  of 
gc'iK'ndity.  The  rectangular  amplitude 
l)robability  density  is  introduced  foi' 
((omparison  only.) 

Taking  as  a realistic  numerical 
e.xam])le,  it.  = 4 and  a = .15  we  find,  for 
the  Gaussian  ca.se,  that 

,1,,) 

whence  (;c)  = l.Od  / 

Thus  the  mean  e(juiv;dent  static^  load  is 
iiicrea,s('d  .'1%  above  the  static  load,  and 
the  wear  is  ineix'ased  12%. 

Sliiiiiliilioiis  and  Manic  (Inin  McUaxh  : 
('los('d-form  solutions  are  not  i)o.ssible 
in  many  engineering  and  industrial 
lU'oblems  which  include  random  effects. 

simulated  operation,  by  hand  or 
eoiuputei',  must  then  be  niiuh'  : how- 
ever, due  t.o  l.lu'  inclusion  of  random 
signals  one  run  is  g('nerally  not  suf- 
(icieiil,  and  instead  a s('ries  of  runs  imisl 
be  made  to  evaluate  ave-rage-  per- 
formance, r.m.s,  eri'or,  extreme  per- 
lornamce  (it  both  ends  of  the  scab',  etc. 
I’roblems  of  this  tyiu'  arise  in  engineer- 
ing, industrial  and  otlice  management, 
and  military  operations.  The  nn-thods 
an'  \’ariously  calk'd  simulations,  opi'ra- 
tional  gaming,  war  gaming  and  Monti' 


( 'arid  nu'thods,  and  pc'ople  of  many  dis- 
cipliiu's  attack  such  iii'oblems,  .\ctuall\' 
till'  di'linition,  Monti'  Garlo  method,  is 
limiti'd  by  .some  to  tiu'  solution  of  a 
ili'terministic  piobli'in  by  using  a jibysic- 
ally-imi'c'lati'd  probabilistic  model  : by 
otlu'i's,  tlu'  i-epi'ated-i'un  f('ature  of 
solving  a physical  situation  containing 
random  signals. 

One  clear  example  of  a proliabilistic 
simulation  requiring  many  runs  is  the 
evaluation  of  the  kill  probaliilit>'  of  an 
airboriu'  interceptor  system,  rhe  basic 
equations  to  be  soKed  are  deterministic 
dilTerent ial  equations,  luit  random  noise 
arisi's  at  various  points  sucli  as  the  radar 
link.  A largi' numbei' of  runs  must  tlu're- 


fori'  lie  mad('  to  obtain  a stable  estimate 
of  the  kill  probîdiility.  siiu'e  elearly 
I'ach  indi\idu;d  run  can  only  ('iid  in 
success  or  tailure.  The  form  of  ju-ob- 
ability  ilensitN'  function  of  the  sigmds 
must  be  known,  and  indeed  further  in- 
formation such  as  spei'tnd  densit>  .to 
lu'  discusseib  ma\'  idso  be  needed. 

Anotlu'i'  exampli'  is  tlu'  simulation  of 
bri'akdowns  in  a machine  simp.  If  the 
jiroliability  density  functions  of  1-oth 
lireakdown  frequi'ncy  and  repair  limes 
are  known  from  expi'rinu'utal  data  then 
a simulation  may  l>e  performed  tv  t'''d 
tlu'  most  eeonomic  inainfenance  st.if . 
ete.  Average  wailing  time  for  n’.'.iir. 
utilization  of  staff,  and  otlv  ' k-t.  c .n 
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Fig.  8.  Typical  PSD  of  vertical  gust 
velocity 


all  be  predicted.  This  is  one  example 
from  the  general  class  of  servicing 
problems  referred  to  earlier  and  the 
engineer  is  interested  in  traffic  flow, 
communications  and  maintenance  type 
problems,  to  name  only  a few.  One 
common  difficultly  is  that  sufficient 
data  often  does  not  exist  to  model  the 
statistical  variables  accurately,  and  that 
data  gathering  is  expensive.®' 


Correlation  and  Specti'a 

Power  Spectral  Density  ($)  .•  As  is 
well  known  to  engineers,  a periodic 
signal  may  be  considered  mathematic- 
ally as  a Fourier  series  with  funda- 
mental frecpiency  and  discrete  har- 
monics. In  an  aperiodic  signal,  such  as  a 
random  variable,  this  discrete  spectrum 
becomes  continuous  because  the  funda- 
mental frecpiency  is  zero  (the  period  of 
repeatability  becomes  infinite).  The 
resulting  power  spectral  densit}^ 
(<I>(jw))  therefore  describes  the  distribu- 
tion of  power  along  the  frecpiencj^  axis. 
The  total  “power”  of  a random  variable 
in  the  mean  scjuare  sense,  is  given  b,y  the 
integral  of 


x{tf 


d(jü 


(20) 


function  no  finite  power  is  present  at 
any  one  frequency.  Therefore  if  the 
variable  comprises  both  a random 
signal  and  a sinusoidal  one,  then  the 
sinusoid  produces  a Dirac  delta  function 
at  the  appropriate  frequency  of  strength 
equal  to  the  mean  square  value.  Fig. 
7(a)  shows  the  highly-resonant  power 
spectral  densitj^  obtained  experimentally 
from  a water-wave  record  in  Lake 
Ontario.^®  AVe  shall  return  later  to  the 
“spectral  window”  characteristic  shown 
on  the  same  figure.  Fig.  8 shows  the 
power  spectral  density  of  measured 
vertical  air  gusts'^  over  Brookhaven, 
and  it  is  “low-pass”. 

It  is  important  to  realize  that  the 
power  spectral  density  is  an  inde- 
pendent measure  from  the  amplitude 
probability  density  previouslj^  discussed. 
It  is  however  the  Fourier  transform  of 
another  important  measure,  the  auto- 
correlation function,  which  we  now 
discuss. 

Auto-correlation  Function  (<^)  ; In  the 
time  domain  the  auto-correlation  func- 
tion measures  how  well  the  function 
correlates  with  itself  when  shifted  in 
time  ; 


4>{t)  = x{t)x{t  + t) 

1 


= lim  -- 

r 1 n 


x{t)x{t  -b  r)  dt\ 


(22) 


Clearly  the  correlation,  or  averaged 
product,  for  zero  timeshift  is  the  mean 
square  value,  and,  also  clearly,  this 
value  cannot  be  exceeded,  i.e. 

<^(0)  = ^2  (2.3) 

and  (/)(0)  > ^(t),  r > 0 (24) 

Also  we  have, 

<^(r)  = 4>{-t)  (25) 


The  auto-correlation  function  and 
power  spectral  density  are  not  inde- 
pendent measures,  but  constitute  a 
Fourier  transform  pair  ; 


<I>(jw) 


</)(r)e  '“"dr 


(26) 


(/)(r) 


4>(.;a))e^'""dw  (27) 


Fig.  6(b)  shows  the  auto-correlation 
functions  corresponding  to  the  spectra 


Fig.  9.  (Top)  Power  spectral  density  components 


Fig.  10.  (Bottom)  Power  spectral  density  and  auto-correlation  function  components 


AA'e  note  that  <I>  is  an  even  function  of 
frequency. 


4>(iai)  = $(-jco)  (21) 

“AAffiite”  noise  is  a conceptual  signal 
with  constant  spectral  density  out  to 
infinite  frequencies.  Eq.  (20)  shows 
that  its  power  would  be  infinite  also, 
and  it  is  indeed  not  physically  realiz- 
able. 

Fig.  6(a)  shows  some  spectra  which 
frequently  arise  including  the  “low- 
pass”  and  “resonant”.  Because  the 
power  sirectral  density  is  a density 


4>(ja^ 


<f>cn 


(b)  FREQUENCY  SLOTS  IN  PSD  CALCULATION 


•-At-* 


(c)  TIME- SHIFT  SLOTS  IN  ACF  CALCULATION 


Note:  AT«Tr, 

l/W«Tn 
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jf  Fig.  6(a).  VVe  note  that  a white 
spectrum  is  equivalent  to  a delta  func- 
tion in  </)(t)  ; the  sinusoid  in  time  be- 
mmcs  a sinusoid  in  auto-correlation 
^unction  also.  As  one  practical  example, 
Fig.  7(b)  shows  the  auto-correlation 
function  from  the  water-wave  record, 
ind  the  resonant  feature  is  clearly 
/■isible. 

In  principle  the  auto-correlation  func- 
tion and  power  spectral  density  carry 
the  same  information  and  therefore  we 
need  use  only  one  measure.  However, 
engineers  often  prefer  to  use  both  since 
their  characteristics  tend  to  be  com- 
plementary for  human  comprehension. 

I Computation,  Stationarity  and  Con- 
fidence: We  ask  what  is  the  effect  of 
using  the  short  record  length,  T„,  which 
Will  be  necessary  because  ; (i)  obtaining 
;knd  processing  records  is  expensive, 
(ii)  the  stochastic  signal  may  not  be 
stationary. 

Stationarity 

As  already  mentioned  a signal  is 
stationary  if  the  statistical  measures 
arc  not  time-dependent.  In  general  the 
engineers’  world  is  non-stationary, 
although  fortunately  it  may  often  be 
considered  stationary  for  sufficient 
lengths  of  time.  Thus  as  a machine-tool 
cutter  wears  there  will  be  a drift  on  the 
scatter-plot  which  constitutes  a quality- 
control  chart  of  the  products’  size.  This 
drift  is  readily  appreciated  as  a non- 
stationarity  of  an  otherwise  stochastic 
varialffe.  Similarly  the  spectrum  of 
vibration  from  a rocket  will  vary  con- 
siderat)ly  in  time  as  the  proi)ellant  is 
burned  causing  changes  in  natural 
freciuencies  and  modes.  These  arc  cases 
of  fairly  determinate  non-stationaritics, 
and  in  performing  computations  to  find 
' the  i)owcr  spectral  density  or  auto- 
I correlation  function,  one  might  well 
i removes  the  drift  from  the  data  before- 
I hand,  or  take  a short-enough  n'cord 
that  the  ('ffect  of  the  non-stationarity 
is  small.  In  general,  howcwc'r,  a non- 
statioiiaritv  may  also  be  stochastic.  In 
this  case,  a ])lot  of  rc'spc'ctive  ;)ower 
spectral  densiti('S  indicatc'S  our  ])os- 
sibilities  and  limitations  (Idg.  9).  'riuis 
the  non-stationarity  of  curve  (2)  can 
largel.v  b<\  sei)arateil  out  from  our 
signal  (curve  (I)),  wlu'U'as  curve  (d) 
cannot  ; this  really  is  a (iltering  i)roblem, 
winch  is  discussed  later. 

Coinpnliition 

l)irect  calculation  of  (he  power  spec- 
tral density  and  aiito-correlation  func- 
tion is  possible  by  analog  technicines 
from  experimental  (analog)  ilata.  I’su- 
ali\’  tiu'  result,  is  built  up  as  a histo- 
gram from  a set.  of  elementary  calcula- 
tions. F.ach  fre(|uenc.\’  slot  ( IF,  h'ig. 
I()(li))  or  tinu'  shift.  increiiK'id  (Ar, 
Idg.  I()(c))  must,  be  c.alculated  as  th(' 
a\’erag('  result,  of  a sutlicii'iit  ly  long 
sample  of  sign.'d,  7'„(\\lu're  7’,,»  I II 


and  7’„  » At — see  below).  If  the  signal 
is  confidently  believed  to  be  stationary 
then  successive  samples  of  record 
(Tn,  Fig.  10(a))  may  be  used  to  calcu- 
late the  successive  slots  (either  of 
frequency  or  time  shift)  without  loss  of 
statistical  confidence  in  the  result.  If 
the  signal  is  non-stationary,  either 
parallel  calculation  paths  must  be 
available,  or  the  sample  must  be  re- 
corded so  that  it  can  be  successively 
c.ycled  through  the  unit  computation  for 
the  required  number  of  slots.  Parallel 
calculation  paths  are  quite  possible 
l)ut  arc  expensive  in  equipment. 

When  the  power  spectral  density  is 
measured  directly  b}’  analog  means,  the 
frequenc.y  slot,  W,  is  approximated  by  a 
tuned  filter  of  narrow  bandwidth,  and 
either  its  natural  frequency  is  altered 
or  a modulation  technique  is  used  to 
shift  the  spectrum  past  a constant 
frequency-slot  filter. Further,  the 
slot  frequency  may  be  changed  either  in 


discrete  jumps  or  in  a steady  scan, 
(Fig.  11(a)).  The  re.sulting  power 
spectral  density  is  only  an  estimator  of 
the  true  one  and  hence  the  modified 
symbol,  $,  is  used.  We  note  that  some 
theoretical  problems  are  introduced  bx’ 
continuous  scan , 

When  the  auto-correlation  function  is 
computed  directly  an  averaged  product 
must  be  obtained  of  the  function,  x{f), 
and  itself  shifted  in  time,  x(t  — t).  This 
is  instrumented  by  analog  means  as 
shown  in  Fig.  11(b).  Again  either  dis- 
crete jumps  (At)  or  a .steady  scan  in 
time  shift  maj'  be  made.  By  use  of  a 
digital  time  delà}'',  as  with  a digital 
machine  coupled  to  an  analog  com- 
puter, multiple  delays  can  be  con- 
veniently obtained  and  hence  a large 
number  of  averaged  products  may  be 
obtained  simultaneously.^®  The  .steady 
scan  technique  is  not  wideh'  used. 

Finally  there  is  the  digital  method  of 
calculation  which  is  most  popular  to- 


Fig.  11.  Methods  of  calculation  of  auto-correlation  function  and  power  spectral 
density 


(a)  ANALOG  CALCULATION  OF  POWER  SPECTRAL  DENSITY 


(b)  ANALOG  CALCULATION  OF  AUTO  - CORRELATION  FUNCTION 


2 digital  computer  programs 


(c) 
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day,  although  it  is  not  necessarily  most 
economic.  The  continuous  record  x{t) 
must  be  sampled  and  recorded  suitably 
for  input  to  a digital  computer.  A 
minimum  sampling  interval,  At,  is 
determined  from  the  Shannon  sampling 
theorem  as, 

At  < 1/2/  (28) 

where  f = maximum  freciuency  (in 
c.p.s.)  present  in  x{t).  Since  the  signal 
bandwidth  is  likely  unknown  until  the 
calculation  is  performed,  a conser- 
vative estimate  must  be  made.  The 
digital  computer  program  most  econom- 
ically determines  the  auto-correlation 
function  estimate  first,  and  then  per- 
forms the  Fourier  transformation  to 
estimate  the  power  spectral  density 
(Fig.  11(c)).  Ref.  IS  compares  the  time 
involved  in  digital,  analog  and  com- 
bined methods  in  more  detail. 

In  all  methods  a finite  record  length, 
T„,  only  is  used.  Further  in  the  digital 
power  spectral  density  calculation  a 
finite  length  of  auto-correlation  func- 
tion only  is  used  in  the  Fourier  trans- 
formation, and  the  particular  results 
obtained  are  analysed  in  terms  of  the 
“lag  window”  used,  or  its  corresponding 
“spectral”  window.  Fig.  7(a)  shows  the 
spectral  window  used  in  that  particular 
digital  computation,  and  its  inclusion 
indicates  the  resolution  to  be  expected 
in  the  power  spectral  density.  These 
considerations  are  discussed  in  more 
detail  in  Ref.  13.  In  general  the  finite 
length  of  the  calculations  raises  the 
problem  of  statistical  variabilit\’  in  the 
estimator  which  results — i.e.  the  auto- 
correlation function  and  power  spectral 
density  estimators  are  themselves  sta- 
tistical variables  which  estimate  the  true 
value  with  some  confidence. 

Confidence  and  Record  Length 

This  subject  is  quite  complicated  and 
only  a brief  comment  is  made  here.^^'^^ 
In  power  spectral  density  measurement, 
the  elementary  slots,  IF,  represent  the 
resolution  achieved.  In  general  a trade- 
off exists  between  the  resolution  and 
record  length,  Tn,  for  a given  confidence 
in  the  estimates  so  obtained.  The  con- 
fidence measure  derives  from  the  degrees 
of  freedom,  k,  measure  of  a Chi-squared 
(x^)  distribution,  where  each  frequency 
slot  is  considered  an  independent  esti- 
mate contributing  two  degrees  of 
freedom. 

Thus  k o:W-T„,  \ 

and  usually  we  take  [ (29) 

k = 2WTn  ] 

Fig.  12^^  shows  the  90%  confidence 
region  in  the  estimator,  as  a function 
of  k.  90%  is  a typically-acceptable 
engineering  confidence,  but  other  per- 
centage curves  could  easily  be  used  if 
desired.  The  resulting  requirement  on 
record  length  often  seems  severe  at  first 
acquaintance.  Thus  for  a 1 c.p.s. 


Fig.  12.  90%  limits  of  the  chi-square  distribution 


resolution,  which  might  be  required  in  a 
20  c.p.s.  bandwidth  signal  for  example, 
10  seconds  of  this  signal  would  be  re- 
quired for  k = 20.  Then  the  ratio  of 
l>  to  êav  would  still  only  lie  within  .55 
and  1.57  90%  of  the  time — i.e.  there  is 
still  a very  significant  variability. 

An  older  and  simpler  rule  was  that 
the  record  length  should  be  at  least  10 
times  the  reciprocal  of  the  lowest  fre- 
quency significantly  present.  This  rule, 
however,  is  inadequate  if  the  spectrum 
has  components  near  zero  frequency  ; 
and  furthermore,  no  confidence  estimate 
is  possible. 

It  is  interesting  to  note  that  it  may  be 
impossible  to  measure  the  power  spec- 
tral density  of  certain  finite-duration 
signals  with  satisfactory  confidence. 
For  example,  the  duration  of  earth- 
quakes is  of  the  order  10  sec.  and  hence  a 
resolution  of  order  1 c.p.s.  could  possibly 
be  obtained  (as  shown  by  the  above 
calculation).  However,  from  à priori 
knowledge,  it  seems  unlikely  that 
earthquakes  are  stationary.  In  fact,  the 
present  situation  is  complicated  by  the 
fact  that  people  in  this  particular 
discipline  use  a djmamic  filtering  com- 
bined with  extreme  value  measurement 
to  specify  their  “spectra”.® 


o(0  - 


i(.y)g(t  - y)dy  = i(t)*g{t) 

“ (30) 


where  i{t),  o{t)  are  the  input  and  output 
variables,  y is  a dummy  variable  of  integ-  i 
ration,  g{t)  is  the  impulse  response  of  the  ( 
system,  i.e.,  the  output  when  a unit  im-  ; 
pulse  is  inputted  at  f = 0,  Fig.  13(b)  ; ! 

(ii)  in  the  complex  frequency  domain  < 
(s),  by  ' 

0(s)  = G{s)I{s)  (31)  îi 

where  0(s)  etc.  are  the  respective  La- 
place transforms  of  o{t)  etc.,  viz. 


0(s) 


o(i)e  dt 
J 0 


(32) 


When  we  consider  sinusoidal  oscilla- 
tions only,  s = ,/w,  and  G{j(x)  is  the 
frequency  response  of  the  system. 

For  stochastic  variables  with  Gaus- 
sian amplitude  probability  density  there 
are  analogous  relations  which  allow 
us  to  work  with  the  few  measures 
already  discussed  ; 

(i)  in  the  time  domain  (correlation 
functions), 


<A.o(r) 


fiiiiy)  ■ g{r  - y)  dy  (33) 


J 0 


Linear  Filtering 

Analytic  Relations  : The  input-output 
relation  for  a sj^stem  described  by  a set 
of  linear  differential  equations  (linear 
transfer  function)  is  defined,  (Fig. 
13(a)), 

(i)  in  the  time  domain  by  the  convolu- 
tion integral. 


where  = cross-correlation  function 
of  i{t)  and  o(l), 

(34) 

= i{t-T)o{t) 

(ii)  in  the  frequency  domain  (spectra), 
<Loo(jw)  = I G{ju>)  |2  (35) 

$o.(iw)  = <Lii(/ùj)  • G{joi)  (36) 
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.vhere  'ï'oiO'w)  is  the  cross  spectral 
density  of  i{t)  and  o{t). 

Eq.  (35)  describes  the  effect  of  linear 
'iltering  upon  power-spectral-density 
iinplitudes  only,  whereas  Eq.  (36)  pro- 
cides  information  on  both  amplitude 
ind  phase.  In  principle  the  phase 
•haracteristic  is  not  needed  in  the 
treatment  of  a wide  class  of  engineering 
systems  if  the  amplitude  characteristic 
s known.  Hence  the  phase  relation  is 
Visually  omitted. 

Mean  Square  Signals  After  Filtering: 
Eq.  (20  and  (35)  indicate  that  the  mean 
square  value  of  a signal  of  spectrum 
î>(ya}),  after  linear  filtering  by  (r(jco)  is, 

z{tY  = 1/2tv  f'(?co)  1 G{jo))  pdwf 

J —00  ( 

= ) 

(37) 

Special  tables  of  integrals  are  available^® 
to  evaluate  this  integral,  7„,  for  poly- 
nominal  spectra  and  filters  to  the  10th 
power  in  the  denominator  (and  9th  in 
the  numerator). 

As  an  example,  assume  that  in  an 
experiment  we  want  to  approximate 
white  noise,  by  a first-order  lag 
spectrum  (of  break  frequency  l/Tf). 
This  signal  is  then  to  pass  through  a 
ystem  described  by  a first-order  lag, 
Tf,  nd  we  want  to  know  how  small  T, 
must  be  to  keep  the  m.s.  output  within 
k%  of  that  which  would  exist  if  the 
noise  were  ideally  white. 

Eoi-  the  white  spectrum,  = constant, 
and  the  filtered  output  is  given  by. 


as  high  a frequency  as  possible.  This 
filtering  is  actually  performed  in  a 
standard  low-frequency  random  noise 
generator  for  analog  computer  work. 

Optimal  {Open-loop)  Filtermg  : Opti- 
mal open-loop  filtering  arises  in  many 
straight-through  communication  and 
power  channels.  One  standard  problem 
concerns  the  optimum  separation  of  a 
stochastic  signal  from  stochastic  noise, 
i.e.,  we  want  to  pass,  and  often  modify 
also,  the  signal,  but  eliminate  the  noise. 
t\'iener  and  Kolmogoroff  originally 
developed  optimum  filtering  theory  some 
20  years  ago,  and  much  further  develop- 
ment has  since  occurred.  The  following 
summary  largely  follows  Truxal 

The  input,  i{t),  to  a system,  G{s), 
(Fig.  14)  consists  of  signal,  sit),  and 
noise,  n{t),  both  of  which  may  be 
random.  It  is  desired  that  a certain 
system  function,  Gdis),  operate  upon  the 
signal,  s{t),  to  produce  Pdit)-  There  is  an 
error  e{t)  between  yd{t)  and  the  actual 
output,  ya{t),  which  it  is  desired  to 
minimize.  The  following  assumptions 
are  made  : 

(i)  The  systems  G and  Gd  are  linear  ; 

(ii)  The  signals  are  stationary  and 
Gaussian  ; 

(hi)  The  noise  and  signal  are  un- 
correlated. (This  is  normally  true,  but 
if  not,  the  cross  correlation  term  must  be 
included)  ; 

(iv)  A satisfactory  criterion  of  opti- 
mality is  minimization  of  the  mean 
square  error  ; 

(v)  Spectral  densities  of  the  signal  and 
noise  (<Fs  and  <F„)  are  known  quantities. 


where 

$,(.5)  = $„(,s)  + $,(.s)  (44) 

= <I>7(.s-)  •<I>7(s) 

indicates  that  part  of  with  left- 
half  plane  poles  and  zeros  only,  and 
the  right-half  plane  parts.  G,(.s)  is  in 
fact  a realizable  filter  which  converts 
4>i(s)  to  white  noise. 

Secondly, 

G‘2\S)  = {Go*  (s)}  realizable 


liTw' 


f45) 


(s)j 


realizable' 


In  general,  the  filter  G2*{s)  within  the 
brace  on  the  right-hand  side  is  not 
ph3’Sieally  realizable.  The  technique  is 
therefore  to  obtain  a G2{s)  whose  time 
domain  impulse  response  omits  that 
part  of  the  impulse  response  of  G2*(s) 
which  exists  for  negative  time.  The  de- 
sign technique  uses  Laplace  trans- 
formation to  effect  this.^“ 

The  complete  filter  is  now, 


Gis)  = Gi(s)  • (?2(s) 


(46) 


1 )$»(«) 

= ' ^ ) _ ■ Gd(.s)f 

(J).‘  \(|)^.  (5)  / realizable 

As  a simple  e.xample  we  consider  the 

case  of  filtering  a noise  from  a signal 
when  both  have  have  “first-order  lag” 
spectra,  for  example,  a spectrum  pro- 


Fig.  13.  Input-output  relations 


1 

r-t-o 

1 

•2 

(Similar  time  domain  techniques  exist 
using  correlation  functions.) 

INPUT  1(1) 

SYSTEM 

g(t} 

<1<JÛ 

Ils)  * 

27r  J 

1 

The  mean  square  error  can  lie  shown 

= 'h»/27V 


to  be 


(38) 


wlierc'  Il  is  obtained  from  the  table  in 
Ref.  19. 

For  the  first-order  lag  spectrum. 


ZTT  J 


|4>„(,/aj)  • I Giju)  I' 

+ I (^dijeo)  — (r(jœ) 


BASIC  SYSTEM 
MPULSt  i(t) 

g(«)  • o(H 


.<'2(f)^=;, 


•4.00 

1 

'h,. 

(1  -)-,/w7/)(l  -t-,/w7’,) 

(lui 

(41) 


TYPICAL  IMPULSE  RESPONSE 


= 4>,„  • 1 2 

4>„,  _ 

“ 2(7V  -(-  7’,) 


(39) 


160 

Tf  -I-  T, 


(10) 

'I’liis  ('Xiimiile  iiidieales  llu'  proi'eilure, 
idthougli  in  pnictiee  i(  inqin'senls  a 
riitlier  trivial  problem. 

.\s  a practical  exampit',  Fig.  13(c) 
allows  a low-pass  (iltcr  oiicrating  on  a 
resonant  siH'clruin  to  “whiten"  i(  out  (o 


and  consists  of  two  components, 

(i)  incompU'tc  (iltc'ring  of  the  noise, 

'l>„. 

(ii)  inipi'rfi'ct.  filtering  of  flu'  signal, 
<!>.,  b\'  G insh'ad  of  Gd- 

\ simple  developmenf  produces  a 
siieeifieafion  for  G{s)  which  minimizi's 
the  mean  sipian'  error  but  which  is 
giaierally  not  i)hysieall_\'  realizable  be- 
cause tlu'  imputse  resiionse  is  naiuired 
to  lu'  non-zero  for  t < 0,  i.e.,  the  .system 
must  respond  befoi'c  it  is  excited.  An 
artificial  technique  of  siilitting  fi’(.Y) 
conc('ptu;ill,\'  is  then  usi'd  to  obtain  the 
physically-n-alizable  optimal  lilter. 

Thus  G{s)  = ti’i(.v)  • (r'ai.s-)  G2' 

first Iv.  (,’,(.<)  _ ' el3) 

>r,  (.S’) 
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Fig.  14.  The  linear  filtering  problem 


DISTURBANCE 


Fig.  15.  Basie  closed-loop  control  system 


duced  by  passing  white  noise  through  a 
first-order  lag,  1/(1  -|-  Ts).  In  practice 
t3q3ical  desired  filtering  operations,  Gd, 
are  predictions  or  dela^ys,  and  we  specify 
a unitj'-gain  operator  only  to  make  the 
example  simj^le. 


break  frequency,  and  the  output  spec- 
trum is  distorted  from  that  of  the 
original  signal  spectrum.  The  output 
spectrum  of  course  can  be  written  doum 
from  Eqs.  (47),  (51)  and  (35),  and  the 
mean  square  error  can  be  evaluated. 


AYe  have 


'î’ds)  =7 

^n{s) 


1 


1 - (Tsr~’ 
(I 


1 - (aTsy’ 

Gd{s)  = 1 


(47) 


therefore 


= 


where 


therefore 


(1  +m  - iàTsY] 

[1  - (Tsy][l  - iaTsT-] 


2 + 13 

* ■ r+T 


(?i(s)  = 
G2^(s)  = 


(1  + Ts){l  + aTs) 
Vn^/3(1  + ôTs) 

(1  — aTs) 


Vl  + iS(l  ^ T.s)(l  - ÔTs) 


ft(s)  - ’ — 

Vl  + /3(1  + Ô)  1 + Ts 

therefore  ' 


Gis) 


(1  -h  a)  ^ + aTs\ 
(1  +I3){1  + Ô)  Vl  + ÔTs/ 


(48) 

Three  special  cases  give  some  insight 
into  this  relation. 


(i)  No  noise,  i.e.,  (3  = 0 

Ô = a,  G{s)  =1  (49  j 

(ii)  Noise  and  signal  spectra  identical, 
i.e.,  a = 1 = (3 


0 = 1 and  G(s)  =1/2  (.50) 

(iii)  Noise  of  infinite  bandwidth, 
a 0,  /3  = 1, 

therefore  ô = 0.707 


3.414(1  + 0.707  Ts) 

The  filter’s  break  frequency  is  there- 
fore somewhat  greater  than  the  signal’s 


The  optimal-filtering  relations  have 
been  developed  for  a completely  free 
hardware  configuration  ; that  is,  design 
would  ideal/y  consist  of  (i)  specifica- 
tion, (ii)  filter  calculations  as  above,  and 
(iii)  realizing  the  filter  in  hardware.  In 
practice  we  often  wish  to  optimize  a 
situation  in  which  all  or  part  of  the 
hardware  is  alreadj"  specified,  and  only 
parameters  of  the  system  may  be 
adjusted.  This  happens  frequently  in 
closed-loop  control  systems,  which  we 
now  mention. 

Closed-loop  Filtering  : Closed-loop  con- 
trol systems  have  the  generalized  con- 
figuration of  Fig.  15,  although  manj^  are 
multi-variable,  rather  than  the  simple 
one- variable  case  shown.  In  servo- 
mechanisms the  purpose  is  to  have  the 
output  c{t)  track  the  reference  input 
r{t),  usually  with  considerable  power- 
level  amplification.  In  regulators  the 
reference  signal  is  usually  fixed  and  we 
ask  for  constant  output  in  the  presence 
of  disturbance  signals.  Disturbance 
signals  in  both  types  arise  as  ; (i)  noise 
in  the  reference  signal,  [r{t)  = s{t) 
-|-  riiit)]  ; (ii)  random  or  determinate 
disturbance  signals  [d{t)  = «2(0]  ; 
(iii)  signals  generated  by  time-varying 
transfer  functions.  Since  J{s)  is  a con- 
trolled system  its  configuration  is  often 
fi.xed  and  the  controller  H{s)  is  the  unit 
whose  transfer  function  or  parameters 
can  be  most  easilj^  adjusted  for  opti- 
mization. (AAm  do  not  further  consider 
the  non-stationary  effect  (iii).) 

Optimal  linear  filtering  techniques  are 
easity  extended  to  the  closed-loop  case, 
again  using  the  minimum  mean  square 
error  criterion.^®  However,  this  is  only 
partial  optimization  because  the  operat- 
ing costs  of  obtaining  a minimum  mean 
square  error  may  far  exceed  the  value  so 
derived.  An  attempt  at  extending  the 
mean  square  error  criterion  for  eco- 
nomic optimization  of  closed  loops  has 
been  made  by  the  author,  among 
others.^ 

Here  we  only  state  the  method  of 
obtaining  the  modified  mean  square 


error  e.xpression  for  Eq.  (41).  Again, 
linearity  is  essential.  Both  ni{t)  and 
«2(0  produce  outputs  at  cit)  which  can 
be  computed  separately  provided  they 
are  uncorrelated,  by  using  the  appro- 
priate closed-loop  transfer  relations.^  “ 
Since  these  noises  are  disturbances,  any 
resulting  output  is  an  error. 

Thus  the  error  spectral  density, 
<I>c  , at  the  output  c,  due  to  the  noise 
spectra  and  is 


<I>c 


4“ 


• (52) 


(where  the  variable  s or  ju  is  now  being 
omitted  for  simplification). 

The  desired  transfer  function  Gd  on  the 
signal  s{t)  from  r{t)  to  c{t)  is, 

Gd  = 1 (53) 


whereas  the  achieved  G is. 


HJ 

1 -hHJ 


(54) 


Therefore  the  error  transfer  function  for 
imperfect  transmission  of  signal  is. 


Gd  - G = 1 


R-R 


i.e.  the  transfer  function  from  r{t)  to 
e{t).  The  error  spectral  density  at  the 
eiTor  point  due  to  the  signal,  is 


Thus  Eq.  (41)  becomes 
1 

MSB  = — 

^TT  J _eo 


(56) 


c 

2 

E 

2 

D 

'‘2 

R 

(57) 


If  a physical  s^ystem  is  now  taken  with 
k adjustable  parameters,  such  as  con- 
troller gain  for  a Æ = 1 example,  the 
mean  square  error  can  be  minimized  by 
equating  the  partial  derivatives  to 
zero,  i.e.. 
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djMSE)  " 

dkj  Jy=i 


(58) 


\on-Linearity 

A static  non-linearity  such  as  the  com- 
non  saturation  effect  clearly  changes  the 
implitude  probability  density  of  a 
dgnal  (Fig.  16).  In  reverse,  therefore, 
my  arbitrary  amplitude  probability 
lensity  transformations  may  be  made 
ry  appropriate  use  of  a static  non- 
■inearity.^^  However,  a static  non- 
inearity  also  changes  the  power  spectral 
lensity,  and  the  power  spectral  density 
iltering  relation  already  developed, 
[ising  linear  systems,  cannot  be  used  to 
■eshape  the  power  spectral  density  since 
t only  applies  for  Gaussian  amplitude 
probability  density  signals.  (However, 
,he  power  spectral  density  or  auto- 
torrelation  function  can  be  computed 
or  a Gaussian  input  across  a static 
ion-linearity.^)  In  fact,  the  Central 
liimit  Theorem  is  generally  taken  to 
issert  that  linear  filtering  tends  to  re- 
;tore  any  amplitude  probability  density 
,0  the  Gaussian. However,  Ref.  23 
;hows  that  this  is  not  always  true,  by  giv- 
ng  an  example  of  wide-band  noise  with  a 
hiusoid.  Thus  amplitude  probability 
lensity  and  power  spectral  density 
;hanges  by  filtering  are  generally  inter- 
;oupled,  and  this  subject  is  not  an- 
dytically  well  documented. 


i’ig.  16.  Non-linear  filtering  of  ampli- 
ude  probability  density 


l.'isliioM  ill  iioii-liiiear,  cluscd-looi)  coii- 
ti'dl  systems  suliji'ct  to  |•;md(lln  inputs. 


At  present  the  technique  of  statistical 
linearization  is  available^'*'^^  to  predict 
the  mean  square  error  for  such  systems 
with  reasonable  accuracy.  This  tech- 
nique assumes  that  the  linear  portion  of 
the  control-loop  returns  signals  closely 
to  the  Gaussian  amplitude  probability 
density  at  the  error  point,  after  distor- 
tion therefrom  in  the  static  non- 
linearity. This  cannot,  and  is  not,  of 
course  completely  true,  but  predictions 
of  the  mean  square  error  criterion  are 
quite  tolerant  to  departures  from 
Gaussian  amplitude  probability  density. 
Calculations  become  quite  complicated, 
however,  and  often  involve  interative 
methods  of  solution.  The  author  has 
attempted  to  optimize  non-linear  con- 
trol systems  based  upon  economic 
criteria^  using  the  sum  of  (i)  “non- 
linear” error  costs  and  (ii)  operating 
costs  derived  from  manipulated  vari- 
bles  (Fig.  15).  Prediction  of  the  non- 
linear error  function  was  found  to  be 
unsatisfactory  if  one  assumed  that  the 
error  signal  was  Gaussian  (which  indeed 
it  was  not,  as  confirmed  by  the  measure- 
ments reported  above). 

Thus,  there  are  wide  gaps  in  our 
knowledge  for  dealing  with  stochastic 
signals  in  non-linear  systems,  but  much 
research  is  being  done  in  this  field. 


Summary 

Most  natural  signals  affecting  en- 
gineering systems  are  stochastic  and 
this  has  greatly  affected  engineering 
design  procedures  in  recent  j'ears.  In 
addition  randomness  is  generated  with- 
in systems  themselves.  Difficult  prob- 
lems are  added  when  non-linear  systems 
are  used,  especially  if  they  are  of  closed- 
loop  form.  The  increasing  treatment  of 
stochastic  variables  in  cngiiu'cihig  de- 
sign is  partly  due  to  the  recent  avail- 
ability of  electronic  computers  to  per- 
form tedious  calculations  and  simula- 
tions. 

d’he  two  measures  essential  to  des- 
cribe stochastic  variables  are  defined, 
namely  ; 

(i)  tlu'  probabilit\'  d('nsit\'  function, 

(ii)  till'  |)ower  spc'ctral  densit\’,  or 
alternatively  the  auto-correlation  func- 
tion. 

Mngiiu'cring  examples  of  thesi'  meas- 
ures arc'  given  and  some  theori'tiea! 
models  are  pn-seiited.  Stat  ionarity, 
resolution,  record  length  and  eonfidenci' 
arc'  introdueeil  in  discussing  methods  of 
computing  tlu-  second  measure.  I.iui'ar 
filtering  is  discussi'd,  including  optimal 
n'alizalde  tillering.  l Aln-me  vahu-  sta- 
tistics and  functions  of  a statistical 
variabli-  are  also  mentioned.  Manx- 
simple  practical  ('\amples  are  gix'i'U  to 
illustrate  results  and  teelmiques.  and 
mneh  flirt hi'r  reading  is  suggested. 
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Discussion  by  S.  D.  Lash,  m.e.i.c. 

The  authors  of  this  paper  are  to  be 
commended  for  their  clear  explana- 
tions of  the  way  in  which  the  Concrete 
Section  of  the  National  Building  Code 
1960  was  prepared  and  for  the  tech- 
nical changes  in  it.  Unfortunately 
it  is  a disappointing  document:  dis- 
appointing because  so  few  of  the 
results  of  research  carried  out  during 
the  past  30  years  have  achieved 
recognition.  The  reasons  for  this 
lamentable  state  of  affairs  are  obvious 
— the  Committee  was  expected  to 
complete  its  work  “in  two  or  three 
meetings  making  use  of  whatever 
knowledge  and  experience  was  im- 
mediately at  hand  and  without  carry- 
ing out  any  new  research  or  pro- 
longed investigation.”  The  ACI  Stand- 
ard Building  Code  318-56  was  to  be 
used  as  the  basis  with  regard  to 
design”.  The  committee  was  expected 
to  make  bricks  without  straw. 

There  are  good  reasons  for  uni- 
formity of  practice  with  the  United 
States — in  such  matters  as  dimen- 
sional standards,  in  symbols  and  in 
rer]uirements  for  the  quality  of 
materials.  There  is  much  less  reason 
for  uniformity  of  practice  in  design — 
perhaps  the  only  good  reason  is  that 
we  commonly  use  text  books  by 
United  States  authors.  It  is  of  course 
a fact,  that  very  little  research  in 
reinforced  concrete  is  being  carried 
out  in  Canada  and  consec|uently  we 
tend  to  have  few  convictions  of  our 
own  and  must  necessarily  copy  others. 
We  can,  however,  if  we  take  the  time, 
base  our  judgments  not  on  the  codes 
and  specifications  of  other  countries 
but  on  the  results  of  research  in  those 


countries.  By  so  doing  we  will  avoid 
copying  obsolete  documents. 

Referring  now  to  some  of  the 
matters  specifically  discussed  by 
Professor  Huggins  and  Mr.  Plewes. 

The  shortcomings  of  the  1953  Code 
(based  on  ACI  1951)  were  clearly 
indicated  by  the  failure  of  the  LT.S. 
Air  Force  buildings.  Such  failures 
are  not  likely  to  occur  in  buildings 
designed  according  to  the  new  Code 
but  a great  deal  of  reinforcing  steel 
will  be  used  to  no  jaurpose.  Research 
has  clearly  shown  that  shearing  unit 
stress  is  not  the  only  factor  that 
should  be  considered  in  designing 
beams  in  regions  of  high  shearing 
force.  If  shearing  unit  stress  only  is 
considered,  wide  variations  in  safety 
are  bound  to  occur  and  if  all  struc- 
tures are  safe  many  must  be  over- 
designed. 

It  is  no  advance  to  go  back  to  the 
Marcus  approximations  for  moments 
in  rectangular  plates  supported  on 
four  sides.  Today  when  digital  com- 
puters are  readily  available  it  makes 
more  sense  to  solve  the  Lagrange 
equations  directly.  In  a paper  pub- 
lished in  Engineering  Journal  20  years 
ago  the  writer  presented  tables  of 
design  coefficients  very  similar  to 
those  proposed  for  the  new  Code 
based  on  a mixture  of  mathematics 
and  engineering  judgment.  These 
were  included  in  the  1941  Code.  The 
values  for  negative  moments  were 
somewhat  smaller  than  those  now 
proposed  allowance  having  been  made 
for  re-distribution  of  moments.  It 
would  be  interesting  to  know  the 
evidence  for  the  slab  cracking  at- 
tributed to  an  underestimation  of 
negative  moment.  Most  cracks  in  slabs 
are  very  small  and  those  caused  by 
negative  moments  are  commonly 
covered  up.  By  1961  it  appears  that 
the  validity  of  the  Johanssen  method 
or  yield  line  method  of  analysis  has 
been  well  established.  It  leads  to 
simpler  design  procedures  and  more 
economical  structures.  With  suitable 
safeguards  it  could  well  have  been 
incorporated  in  the  Code.  Yield  line 
analysis  was  recognized  in  Danish 
regulations  in  1949. 


The  soundness  of  ultimate  load 
design  of  flexural  members  has  been 
established  beyond  all  question  but 
this  method  of  design  is  ignored  in 
the  1960  Code.  Recognition  was  over- 
due in  1953.  In  the  absence  of  ulti- 
mate design,  proper  recognition 
should  have  been  given  to  high 
strength  reinforcement  by  permitting 
reasonable  working  stresses.  There  is 
no  sound  reason  for  limiting  working 
stresses  in  hard  grade  and  rail  steel 
reinforcement  to  those  permitted  for 
intermediate  grade  reinforcements. 

Although  it  may  be  premature  to 
give  full  recognition  to  ultimate  load 
analysis  of  continuous  beams  and 
frames,  some  steps  could  safely  have 
been  taken  in  this  direction. 

It  is  suggested  that  the  time  is 
appropriate  to  start  work  on  a revision 
of  the  design  section  of  this  chapter 
of  the  Code  so  that  proper  recognition 
of  the  results  of  research  can  be  made 
in  time  for  inclusion  in  the  next  edi- 
tion. Not  only  are  the  existing  regula- 
tions in  need  of  review  but  also  the 
time  has  come  when  some  regulations 
should  be  included  governing  the 
design  of  shells  and  folded  plates. 

Authors’  Reply  to  Dr.  Lash 

Dr.  Lash’s  contribution  to  this  dis- 
cussion is  particularly  welcomed  be- 
cause he  was  a member  and  secretary 
of  the  Reinforced  Concrete  Commif- 
tee  for  the  first  National  Building 
Code  published  in  1941.  He  deplores 
the  fact  that  we  in  Canada  tend  to 
merely  copy  the  codes  and  specifica- 
tions of  other  countries  and  the 
authors  tend  to  agree  with  him.  It  is 
also  true  that  most  of  the  research 
on  reinforced  concrete  is  carried  out 
in  other  countries  and  it  is  possible 
that  we  could  use  the  published  re- 
sults of  this  research  to  form  our  own 
judgments.  The  fault  is,  however,  that 
many  of  the  committees  in  those  other 
countries  have,  at  any  given  time,  the 
results  of  a considerable  amount  of 
unpublished  data  which  at  present 
is  unavailable  to  us.  In  view  of  this, 
it  would  seem  important  that  we 
establish  liaison  with  corresponding 
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committees  in  other  countries  so  that 
we  will  have  access  to  the  same  in- 
formation. We  would  still  be  free  to 
form  our  own  judgments,  but  more 
important,  our  committees  could 
make  a definite  contribution  to  the 
work  of  those  other  committees  on 
which  we  at  present  so  much  depend. 
In  recent  years  the  ACI  in  particular 
has  made  it  clear  that  it  would  wel- 
come such  liaison. 

Prior  to  about  1950  a great  deal 
of  research  had  been  done  in  many 
countries  on  the  shear  strength  of  re- 
inforced concrete  beams.  Most  of  the 
testing  was  done  on  simple  span 
beams  and  the  maximum  nominal 
shearing  stress  on  a cross  section  was 
taken  as  the  measure  of  the  resistance 
of  beams  to  diagonal  tension.  Since 
for  most  simple  beams  the  concrete 
will  carry  some  shear  up  to  maxi- 
mum load  the  ACI  Code  required,  up 
to  1951,  that  all  beams  be  reinforced 
to  carry  merely  “the  excess”.  Based 
on  some  tests  that  showed  that  this 
was  not  always  safe,  the  Cerman 
codes  went  to  the  other  conservative 
extreme  and  required  that  beams  be 
reinforced  for  the  total  shear.  The 
! difference  of  opinion  existed  for  years 
with  other  countries  frequently  adopt- 
ing an  intermediate  position.  The  ACI 
Code  of  1951  has  been  shown  to  be 
unsafe  for  a few  cases  and  the  Cer- 
1 man  position  is  most  often  over  con- 
I scrvative.  As  Dr.  Lash  points  out  the 
} true  shear  strength  of  beams  is  de- 
I pendent  on  other  factors  as  well  as 
. .shear,  namely  continuity,  axial  loads, 
I longitudinal  steel  stress,  and  location 
t of  the  loads.  A great  deal  of  new 
j information  on  these  factors  has  been 
obtained  in  recent  years  as  a result 
' mainly  of  the  advent  of  ultimate 
I strength  design  for  which  the  old 
rules  for  evaluating  .shear  were  un- 
■ satisfactory.  An  ACI-ASCE  Commit- 
t(îe  has  for  10  years  been  evaluating 
this  new  data  and  it  is  expected  that 
the  re.snits  of  their  efforts  will  appear 
in  the  next  ACI  Building  Code.  In 
the  meantime,  as  a result  of  some 
laiinrc's,  the  shear  recjuirements  of 
tlu!  NB(;  were  strengthened  in  clauses 
issued  as  ixwision  slips  in  1957.  Tlu'se 
wer('  based  on  rational  thinking  about 
(liagotial  tc'iision  in  continuous  beams 
('Specially  in  the  vicinity  ol  tlu'  points 
()l  iullc'ction.  'I’he  Ih'visiou  (.'oininit- 
lee  lor  the  1960  NBC  found  that  tlu' 
main  objection  to  tlu'sc'  (('visions  had 
h('('n  that  thev  weix'  e()m|ili(at('(l  lor 
g('U('ral  us('.  k’or  this  r('as()u  it  was 
(l('ei(l('(l  to  go  a short  st('p  lurtla'r  and 
ri'(|uire  all  th('  slu'ar  in  continuous 
h('ams  to  b('  tak('n  bv  stirruiis  wlu're 
V,.  is  gr('at('r  than  0.03  f'('.  lU'capitu- 
laling  what  has  b('('u  said  abo\('.  in 
lh('  eh()ie('  b('tw('('u  th('  old  .\('l  shear 


clauses  which  have  been  shown  to 
be  unsafe  in  a few  cases  and  the  other 
extreme  of  complete  reinforcement 
for  shear,  the  committee  decided  in 
favour  of  the  safe  side  until  such  time 
as  new  rules  are  available  which  take 
into  account  all  of  the  variables. 

A similar  decision  was  involved 
with  regard  to  the  design  of  two-way 
slabs.  To  begin  with  it  was  unfortun- 
ate that  the  Committee  did  not  come 
across  Dr.  Lash’s  excellent  paper  on 
the  subject  published  in  the  EIC 
Journal  of  September  1941.  That 
paper  describes  tbe  elastic  analysis 
of  the  moments  in  two-way  slabs  and 
the  adjustment  of  the  resulting  co- 
efficient to  take  into  account  plastic 
flow  under  long  term  loads.  The 
paper  would  have  been  of  consider- 
able assistance  to  the  committee  in 
studying  the  subject.  It  is  undoubted- 
ly true  that  plastic  flow  under  long 
term  loads  and  the  formation  of 
cracks  at  loads  near  ultimate  will 
cause  the  peaks  of  moment  found  by 
elastic  analysis  to  be  redistributed. 
Several  methods  of  design  require 
the  steel  to  be  distributed  in  accord- 
ance with  coefficients  that  have  been 
calculated  elastically  but  adjusted  to 
take  into  account  such  redistribution. 
Whether  or  not  the  steel  is  distributed 
according  to  elastic  coefficients  or  to 
the  adjusted  coefficients,  the  ultimate 
load  of  the  slab  will  not  be  much 


different.  In  any  case,  tests  indicate 
that  two-way  slabs  designed  under 
any  presently  accepted  method  have 
more  than  ample  load  factors.  At 
present  the  British,  German  and  per- 
haps soon  the  ACI  Code  seem  to  hold 
the  opinion  that  the  steel  should  be 
distributed  in  accordance  with  elastic 
coefficients  and  thus  provide  resist- 
ance to  or  at  least  a delay  in  cracking. 
In  the  Marcus  method  the  coefficients 
closely  approach  the  elastic  moments 
and  were  adopted  by  the  Committee. 

The  Johansson  Yield  Line  Theory 
for  slabs  is  undoubtedly  a useful  tool 
for  the  design  of  slabs  and  its  use 
should  be  permitted  in  future  codes. 
It  is  also  true  that  it  does  not  always 
lead  to  acceptable  slabs  from  the 
point  of  view  of  deflection  and  the 
circumstances  surrounding  its  use 
would  have  to  be  carefully  scrutinized 
by  a committee  before  it  is  adopted. 

Similarly,  ultimate  strength  design 
and  the  use  of  high  strength  steel 
should  be  recognized  in  the  Code. 
Again  such  matters  as  deflection,  con- 
crete cpality  control,  load  factors, 
crack  control,  and  steel  cjuality  should 
receive  due  consideration  before  such 
measures  are  adopted.  The  Commit- 
tee recognized  these  needs  and  has 
made  recommendations  to  the  Asso- 
ciate Committee  regarding  the  prep- 
aration of  the  necessary  clauses  for 
the  next  revision.  |Ip 
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Canadian  Developments 


Organic  Test  Reactor  to  be  built  at 
the  Whiteshell  Nuclear 
Research  Establishment 

An  engineering  test  reactor  will  be 
built  at  the  Whiteshell  Nuclear  Estab- 
lishment near  Winnipeg.  The  Organic 
Test  Reactor  is  the  first  major  facihty 
to  be  constructed  by  Atomic  Energy  of 
Canada  Limited.  Announcement  of  tire 
construction  was  made  by  the  Commit- 
tee of  the  Privy  Council  on  Scientific 
and  Industrial  Research. 

The  Organic  Test  Reactor,  fike 
others  in  the  Canadian  nuclear  research 
and  development  program,  will  use 
heavy  water  to  maintain  the  chain  re- 
action that  bums  uranium.  To  remove 
heat  from  the  reactor  core,  the  OTR  will 
use  organic  liquids.  The  Reactor  was 
designed  by  the  Civilian  Atomic  Power 
Division  of  Canadian  General  Electric. 

The  primary  purpose  of  the  OTR  is 
to  provide  facilities  for  large-scale  testing 
of  fuel  rods,  coolant  systems,  and  com- 
ponents for  organic-cooled,  heavy-water- 
moderated  power  reactors.  In  addition, 
the  realtor  is  being  designed  with  flexi- 
bility to  allow  it  to  be  adapted  for  a 
variety  of  engineering  tests  including 
those  involving  other  heat  media. 

The  initial  output  of  the  reactor, 
which  will  begin  operation  in  1965,  will 
be  25,000  kilowatts  with  provision  for 
increase  to  60,000  kilowatts.  The  reactor 
tank,  or  calandria,  will  be  made  of  stain- 
less steel  and  will  have  55  aluminum 
tubes  running  vertically,  end  to  end. 
Into  these  tubes  will  be  inserted  the 
coolant  tubes  that  contain  the  fuel  rods. 
The  coolant  tubes  may  initially  consist 
of  stainless  steel,  and  if  they  do,  the 
uranium  o.xide  fuel  will  be  enriched 
slightly  by  increasing  the  uranium-235 
content  to  2%  from  the  0.7%  that 
occurs  naturally  in  uranium.  \Vlien  the 
preferred  materials,  such  as  aluminum 
alloys,  have  been  fully  developed  for 
the  fuel  channels  and  for  fuel  cladding, 
natural  uranium  oxide  may  be  used  as 
fuel.  Each  fuel  rod  will  consist  of 
uranium  o.xide  pellets  contained  in  19 
stainless  steel  tubes,  eight  feet  long, 
fastened  together  in  a bundle.  The  re- 
actor will  be  shut  down  for  refuelling. 
A shielded  fla.sk  will  be  used  to  remove 
used  rods,  but  new  rods  will  be  inserted 
manually.  The  reactor  will  be  controlled 
by  varying  the  amount  of  heavy  water 
in  the  calandria. 


New  Reflecting  Telescope 

Canada’s  newest  and  most  advanced 
telescope  will  soon  go  into  operation  at 
the  Victoria  Astrophysical  Observatory. 
The  48-inch  reflecting  telescope  with  its 
accessories,  is  housed  in  its  own  domed 
building  on  Victoria’s  Observatory  Hill. 
This  new  instrument  is  especially  suited 
for  spectroscopic  analysis  since  the  light 
from  stars  is  reflected  and  magnified  by 
concave  and  convex  mirrors  and  does  not 
pass  through  glass. 

The  telescope,  though  smaller  than 
the  42-year-old  73-inch  telescope,  has 
several  important  advantages  due  to  its 
design.  The  spectroscope,  larger  than 
that  used  with  the  old  telescope,  is  not 
attached  directly  to  the  telescope,  but 
is  housed  in  a separate  room  below  the 
dome.  The  balancing  counter-weight  has 
been  placed  to  the  rear  and  below  the 
instrument,  enabling  it  to  be  pointed  at 
any  part  of  the  sky,  leaving  no  blind 
spots. 

The  first  job  of  the  new  telescope 
will  be  the  investigation  of  the  atmos- 
phere of  giant  double  Stars.  It  will 
greatly  increase  the  number  and  variety 
of  observations  that  can  be  made.  By 
spectroscopic  analysis,  the  physical  prop- 
erties of  stars,  their  direction  and  velocity 
of  movement,  and  interstellar  space  can 
be  investigated  more  thoroughly.  The 
new  instrument  will  also  be  used  for 
direct  photography  and  photoelectric 
photometry. 

Sales  Effort  By  H.E.P.C. 

The  Hydro  Electric  Power  Commission 
of  Ontario  mounted  a major  sales  effort 
in  1961  in  an  attempt  to  diversify  loads 
and  increase  electrical  consumption.  This 
effort  was  prompted  by  a less-than- 
average  increase  in  electrical  consump- 
tion during  the  year. 

Preliminary  figures  indicate  that  1961 
demands  increased  only  2.7  per  cent, 
compared  with  3.4  per  cent  the  previous 
year.  Revenue  increased  by  3.5  per  cent, 
compared  with  7.6  per  cent  in  1960. 

The  objective  of  the  program  under- 
taken by  the  Commission  and  the  muni- 
cipal electrical  utilities  is  to  encourage 
more  diversified  use  of  electricity  over 
24  hours.  This  would  result  in  the  most 
economic  and  efficient  use  of  available 
capacity.  To  accomplish  this  it  was  felt 
necessary  to  encourage  a steady  growth 


in  the  sale  and  use  of  all  electrical 
equipment  and  appliances. 

Encouraging  results  have  been  shown 
in  the  concerted  promotional  campaign 
by  tlae  Commission  and  the  municipal 
utilities  in  co-operation  with  the  manu;  i 
facturers,  distributors  and  dealers.  Co- 
operative appliance  promotions  under-  1 
taken  during  1961  are  showing  the  ! 
desired  effect.  Sales  efforts  in  recent  | 
months  have  increased  the  consumption  1 
of  electricity  by  an  estimated  22  million  I 
kilowatt-hours. 

The  bulk  of  the  Commission’s  1961  ■ 
capital  expenditures  of  more  than  $125*‘ 
million  was  for  new  generating  facilities. , 
During  the  year  606,000  kilowatts  of 
capacity  were  installed.  This  new  gen-  | 
eration  came  from  the  Otter  Rapids  and  ' 
Red  Rock  Falls  hydro  installations  in 
northern  Ontario,  and  from  the  Lakeview 
and  Richard  L.  Hearn  thermal  stations 
near  Toronto. 

This  year  in  Ontario  wiU  see  Canada’s 
first  nuclear  electric  power  station  in 
operation  with  a capacity  of  20,000  kilo- 
watts. Other  power  sources  coming  into 
service  will  be  the  second  300,000  kilo- 
watt unit  at  Lakeview,  and  a 100,000 
kilowatt  unit  at  Thunder  Bay,  the  Com- 
mission’s first  major  tliermal  electric 
power  station  in  Northwestern  Ontario. 
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Sweden’s  Nuclear  Program 

Sweden’s  Atomic  Energy  Board  lias 
recommended  $30  million  in  State  ap- 
propriations for  nuclear  energy  purposes 
for  the  1962-63  fiscal  year.  The  recom- 
mendation is  in  line  with  the  guiding 
principles  of  Sweden’s  atomic  reactor 
development  program  which  were  set 
down  more  than  five  years  ago.  The 
program  is  aimed  at  local  design  and 
manufacture  of  reactors  specially  adapted 
to  that  country’s  requirements. 

Plans  for  the  development  of  commer- 
cial power  reactors  in  Sweden  are  based 
on  the  use  of  natural  uranium  as  fuel 
and  heavy  water  as  moderator.  The 
Board  says  the  aim  should  be  at  units 
producing  300  to  500  Mw.  Since  exist- 
ing commercially  exploitable  hydro  re- 
sources are  likely  to  have  been  harnessed 
in  the  1970’s,  and  as  thermal  power 
stations  burning  imported  oil  would  put 
too  heavy  a strain  on  the  country’s  bal- 
ance of  trade,  atomic  power  would  have 
to  be  introduced  on  a major  scale  in  the 
period  between  1970  and  1975. 

Sweden’s  first  experience  in  designing 
and  manufacturing  complicated  power 
reactors  was  gained  in  building  the 
Agesta  combined  power  and  heating 
reactor  outside  Stockholm.  This  unit  is 
scheduled  to  go  into  operation  early  in 
1963.  As  it  has  proved  impossible,  prin- 
cipally from  a manufacturing  point  of 
view,  to  pass  directly  from  this  65  Mw. 
unit  to  a full-scale  power  plant,  the  105- 
Mw.  Marviken  project  has  been  launched 
as  an  intermediate  step. 

Seven  Point  Plan  for  Case 

Case  Institute  of  Technology,  Cleve- 
land, has  announced  a seven-point  plan 
designed  to  guide  its  increasing  respon- 
sibilities. The  announcement  was  made 
shortly  after  Case  received  an  $8  million 
grant  from  the  Ford  Foundation. 

The  major  needs  of  Case,  as  outlined 
in  a booklet  issued  over  the  signature  of 
President  T.  Keith  Glennan,  are: 

1.  To  increase  the  number  of  full-time 
faculty  and  professorial  members  from 
the  present  163  to  a minimum  of  235 
and  to  increase  the  salaries  of  the  present 
faculty; 

2.  To  increase  the  undergraduate  en- 
rollment from  1,600  to  between  2,000 


and  2,200  consistent  with  the  mainten- 
ance of  the  highest  quality; 

3.  To  increase  the  resident  graduate 
enrollment  from  460  to  800  plus  60  post- 
doctoral fellows; 

4.  To  increase  the  quality  of  graduate 
engineering  education; 

5.  To  increase  research  to  a level  ade- 
quate to  sustain  the  faculty  and  graduate 
and  undergraduate  students  of  leadership 
rank; 

6.  To  provide  undergraduate  housing, 
creating  for  students  an  environment 
vital  to  Case’s  concept  of  learning; 

7.  To  provide  land  and  facilities  neces- 
sary for  planned  growth. 

The  annual  operating  budget  will  in- 
crease from  $6,860,000  in  1960-61  to 
$15,260,000  in  1970-71.  Major  areas  of 
increase  will  range  from  anticipated  ex- 
penditures for  instruction  from  $2.2  mil- 
lion to  $4.2  million  during  this  period, 
while  sponsored  research  will  increase 
from  $2.5  million  to  $6  million.  Another 
major  increase  will  be  in  the  area  of 
student  aid  in  the  form  of  scholarships 
and  fellowships  which  will  increase  from 
a yearly  basis  of  $451,000  to  $1,240,000. 
In  addition,  projected  capital  require- 
ments for  the  decade  include  a planned 
$15  million  increase  to  the  endowment 
and  $15.7  for  plant  additions. 


Netherlands  Developments 

Expansion  and  development  plans 
have  been  undertaken  by  three  major 
firms  in  the  Netherlands.  Esso  Nederland  | 
Limited  will  expand  its  refinery  in  the  j 
Rotterdam  port  area  with  a chemical  } 
plant  for  the  production  of  aromatic  j 
hydrocarbons.  Construction  will  begin  , 
early  this  year  with  operations  scheduled  \ 
to  start  in  late  1963.  This  plant,  having  ' 
a total  investment  of  approximately  $20  . 
million,  will  be  concerned  with  the  pro-  : 
duction  of  benzene,  toluene  and  xylene 
with  an  annual  output  of  200,000  tons.  ; 

Another  development  is  a paper  mill  ■ 
which  will  manufacture  wood-free  spe-  | 
cialty  grades  of  paper  and  paperboard. 
This  mill  will  be  built  on  the  site  of  one  ' 
of  Holland’s  oldest  paper  companies. 
Van  Gelder  Zonen  Limited.  It  will  have 
a planned  capacity  of  50,000  tons  per 
year.  The  management  of  this  new 
company  will  be  entrusted  to  Van  Gelder. 

Situated  on  the  North  Sea  coast  near 
Amsterdam  will  be  the  fifth  blast  furnace 
of  the  Hoogovens  Steel  Works,  which 
started  operations  on  December  12,  1961. 
Together  with  other  enlargements  of  the 
steel  factory  to  be  completed  in  1964, 
steel  output  of  tbe  works  will  rise  to 
2,450,000  tons  a year,  and  production 
capacity  to  five  million  tons. 


WORLD  REGISTER  OF  DAMS 

On  page  108  of  the  January  issue  of  the  Engineering 
Journal  an  appeal  was  made  for  information  eon- 
eerning  little-known  dams  in  Canada  which  might 
be  included  in  the  World  Registry  of  Dams. 

It  would  be  appreciated  if  this  information  could  be 
forwarded  to:  J.  K.  Sexton,  Chairman,  Canadian 
National  Committee,  International  Commission  on 
Large  Dams,  35  York  Street,  Westmount,  Montreal 
6,  P.Q. 
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Imperial  keeps  alert  to  industry's  desire  to 
produce  more,  while  reducing  costs.  That's  why 
Imperial  Oil  research  works  to  develop  new  lubricants 
and  fuels  to  keep  industry  running  smoothly. 
Even  when  a petroleum  product  has  been  proven 
satisfactory,  Imperial  Research  continues  to  find 
ways  and  means  of  improv  ing  that  product. 
For  the  latest  information  on  lubricants 
and  fuels  call  the  trained  Imperial 
Industrial  Sales  Representative,  at 
the  nearest  Imperial  Oil  Ollicc., 
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PROGRESS  REPORT 
REGARDING  CONFEDERATION 


Joint  statement  from  the  Executive  Committee  of  the  C.C.P.E. 
and  the  E.I.C.  to  the  membership  regarding  Confederation. 


The  Final  Report  of  the  Engineers’  Confederation 
Commission  was  received  by  the  Annual  Meetings  of 
the  EIC  and  CCPE  in  the  summer  of  1961.  At  that 
time,  both  bodies  authorized  their  Executive  Com- 
mittees to  study  the  report  and  to  discuss  it  with  the 
Executive  Committee  of  the  other  body  in  an  effort 
to  come  to  agreement  about  the  report  and  to  draw  up 
a logical  plan  of  action. 

On  July  13,  1961,  the  two  Executive  Committees 
met  at  a joint  meeting  in  Ottawa.  At  this  time  it  be- 
came apparent  that  the  EIC  and  the  constituent  asso- 
ciations of  the  CCPE  would  have  points  to  discuss  and 
clarify  in  connection  with  the  report.  It  was  agreed 
that  some  of  these  points  from  both  CCPE  and  EIC 
would  be  referred  to  the  Engineers’  Confederation  Com- 
mission, and,  if  acceptable  to  the  Commission,  appro- 
priate revisions  would  be  made  in  the  report.  It  was 
agreed  further  that  the  report  would  then  be  published 
in  the  September  1961  issue  of  THE  ENGINEERING 
JOURNAL.  Furthermore,  both  CCPE  and  EIC  agreed 
to  devote  additional  study  to  the  Commission’s  report, 
and  to  obtain  information  on  all  points  in  connection 
with  the  comments  from  the  EIC  membership  and  the 
CCPE  constituent  bodies. 

Subsequently,  the  CCPE  requested  each  provincial 
association  to  examine  the  I'eport  and  to  advise  the 
CCPE  whether  or  not  they  approved  of  the  report  in 
principle,  and  also  to  outline  any  points  which  they 
would  like  to  have  changed. 

In  the  meantime,  the  Engineers’  Confederation 
Commission  agreed  to  all  the  preliminary  changes 
which  had  been  suggested,  and  the  revised  report  was 
published  in  the  September  1961  issue  of  THE  EN- 
GINEERING JOURNAL.  In  an  introductory  note,  the 
President  requested  all  members.  Branch  Executives 
and  Councillors  to  study  the  report  in  detail  and  for- 
ward their  comments. 


To  implement  the  instructions  of  the  EIC  Council,  ' 
the  Executive  Committee  appointed  two  sub-commit-  ■ 
tees,  one  with  the  President  as  Chairman,  to  review  ‘ 
the  report  in  detail  and  to  receive  and  consider  the 
comments  requested,  and  the  second  chaired  by  Mr. 

G.  W.  Martin,  EIC  Vice-President  and  Chairman  of  the 
Finance  Committee,  to  review  the  financial  implications 
of  the  report.  Both  of  these  sub-committees  reported 
to  the  Executive  Committee  on  October  19.  The  Execu-  i 
tive  Committee  reported  to  the  Council  on  October  28, 
and  presented  a list  of  points  in  the  report  of  the 
Engineers’  Confederation  Commission  to  be  resolved 
jointly  with  the  CCPE  Executive  Committee. 

The  two  Executive  Committees  met  together  in 
Montreal  on  December  15,  1961,  at  which  the  points  i 
raised  by  the  EIC  were  presented  to  the  CCPE,  and 
the  points  raised  up  to  that  time  by  the  provincial  j 
associations  were  presented  to  the  EIC  by  the  CCPE,  ’ 
although  some  of  the  provincial  associations  had  not  i 
completed  their  study  of  the  report  and  had  only  sub-  ' 
mitted  preliminary  reports.  After  discussing  these  items,  \ 
it  was  agreed  that  the  CCPE  Executive  could  discuss 
them  with  their  constituent  member  bodies,  and  the 
points  raised  by  the  CCPE  could  be  studied  by  the  ; 
EIC.  When  these  studies  have  been  completed,  the  < 
two  Presidents  will  arrange  a further  joint  meeting  of 
the  two  Executive  Committees. 

The  discussions  at  both  joint  meetings  made  it  very  | 
obvious  that,  even  though  a great  deal  was  accom-  | 
plished  by  the  excellent  work  of  the  Engineers’  Con-  jj 
federation  Commission,  there  are  still  a number  of  items 
of  policy  which  must  be  examined  and  resolved  by  the  jl 
CCPE  and  EIC  before  referring  a final  plan  for  con-  li^ 
federation  to  the  membership  for  vote.  Every  effort  'jj 
is  being  made  to  complete  this  heavy  task  with  dis-  |j 
patch,  and  it  is  hoped  that  arrangements  may  be  com-  j 
pleted  for  a referendum  of  the  membership  in  the  ;i| 
spring  of  1963.  This  is  the  earliest  date  by  which  views  j 
from  all  participating  bodies  may  be  reconciled.  !- 
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C.  C.  P.  E. 

For  the  information  of  our  readers 
llie  Canadian  Council  of  Professional 
iingineers  is  the  coordinating  body  of 
he  eleven  provincial  and  territorial  as- 
sociations or  corporation  of  professional 
1 fengineers  in  Canada. 

‘ ' It  is  concerned  with  all  the  areas  of 
j Activity  of  its  constituent  bodies,  but 
'-■oncentrates  its  attention  on  matters 
'vvhich  are  national  in  scope  or  can  most 
t ^effectively  be  dealt  with  at  the  national 
jlevel. 

j I The  Council  has  no  authority  over  the 
' [provincial  associations,  but  may  act  on 
Itheir  behalf  in  matters  of  a Canada-wide 
nature. 

In  relation  to  the  Confederation  pro- 
posal, the  Executive  Committee  of 
Canadian  Council  has  been  given  the 
responsibility  of  reconciling  the  views  of 
:he  associations  and  work  out  a plan 
which  would  be  acceptable  to  all  con- 
cerned. 


You  can 
re  I 


UNION 
^QUALITY 
PRODUCTS 
AND  SERVICES 


You  know,  John,  I was  sur- 
prised to  hear  you  remark  last 
night  you  were  disappointed  to 
see  the  small  turnout  at  your 
Branch  meeting  the  other  night 
when  Al  Electric  spoke  on  a sub- 
ject you  considered  to  be  out- 
standing. I have  no  doubt  it  was 
outstanding  because  Al  Electric 
is  one  of  those  engineer -scien- 
tists who  is  helping  to  push 
back  the  frontiers  of  knowledge, 
and  make  know-how  available. 
He  is  playing  a vital  role  in 
developing  new  elements  of  our 
economy.  This  is  sometimes  the 
case,  John. 

Often  an  expert  does  not 
prove  to  be  a '‘crowd  puller”. 
On  the  other  hand,  if  the  people 
who  participated  in  the  meet- 
ing, and  particularly  in  the  dis- 
cussion, grasped  something  of 
the  speaker’s  vision,  then  it  was 
a first-rate  meeting.  It  is  the 
quality  of  participation  which 
counts,  not  the  numbers. 

Til  be  looking  forward  to 
seeing  you  the  next  time  you  are 
in  town. 

Yours  sincerely. 


INDUSTRIAL  PLATING 


. . . whether  it  is  Chromium,  Nickel,  Copper, 
Cadmium  or  Bright  Plating,  Union  supplies  the 
best  to  required  spécifications.  Special  processes 
and  finishes  are  part  of  Union  service  to  save 
you  money. 


PERFORATED  PLATES 


. . . for  more  efficient  screening.  Union  perforates 
Stainless  Steel,  Inconel,  Monel  and  other  metals 
with  the  hole  pattern  you  require  in  thicker  than 
normal  material.  A patented  deburring  process 
ensures  top  capacity  from  the  start. 


CASTINGS 


. . . from  one  to  3()()()  Ihs.  are  produced  hv  Union's 
non-ferrous  foundr^.  Sound  castings  to  govern- 
metU  specifications  in  Bronze.  Brass,  Alnininnm 
and  Monel.  Impcilors  a specialty. 


BRONZE  BUSHINGS 


. . . (‘cntrifugalh  cast  and  scini-finishcd.  (inaran- 
teed  to  he  lr(‘(‘  from  dcli'cts.  .\sk  for  Bnllctin 
listing  stock  sizes. 


PATTERNS 

. . . dcsigiu'd  and  built  for  hard  si'rvicc  ^^h('thcr 
made  of  rsuod  oi-  metal.  I*r<'ssnr<‘  cast  alnininnni 
match  plates  arc*  a .s|iccialt\. 


THE  UNION  SCREEN  PLATE  COMPANY 
OF  CANADA  (LIMITED) 

HEAD  OFFICE:  LENNOXVIllE,  QUE. 

3 PLANTS  TO  SERVE  YOU  AT  STPATICIC  LOCATIONS 
PIANT  an(t  SALES  OFFICES:  LENNOXVIllE.  MONTREAL.  P.O.  ond  IRAMPTON  ONT. 
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Personals 


T 


S.  George  Barber,  m.e.i.c.  (Toronto  ’50) 
has  been  appointed  as  Chief  Municipal 
Engineer  of  Marshall  Macklin  Monaghan 
Limited.  After  four  years  as  a district 
engineer  with  the  Ontario  Department 
of  Health,  Mr.  Barber  joined  this  firm  in 
1956.  His  professional  career  has  been 
concentrated  in  the  municipal  engineering 
field. 

J.  T.  Cawley,  m.e.i.c.  (Toronto  ’43)  has 
been  appointed  to  advise  the  Indonesian 
government  on  the  administration  of  its 
oil  industry,  and  to  assist  in  the  estab- 
lishment of  a university  course  in  petrole- 
um engineering.  Mr.  Cawley  is  Sas- 
katchewan’s deputy  minister  of  mineral 
resources,  and  his  appointment  was  made 
through  the  United  Nations’  Technical 
Assistance  Administration. 

Edward  W.  Hill,  m.e.i.c.  (Toronto  ’48) 
has  been  appointed  as  Marketing  Man- 
ager for  the  Canadian  Westinghouse 
Switchgear  and  Control  division.  His  pre- 
vious position  was  Manager  of  the  com- 
pany’s Utility  Department.  He  joined 
We.stinghouse  in  1948  and  was  engaged 
in  design  engineering  for  three  years, 
then  became  manager  of  Switchgear 
Sales  in  1953. 

E.  L.  Kennedy,  m.e.i.c.  (Toronto  ’48)  was 
appointed  as  Vice-President  in  charge  of 
Sales,  Industrial-Medical  Division,  for 
Liquid  Carbonic  Canadian  Corporation 
Limited.  Mr.  Kennedy  was  formerly 
Manager  of  Liquid  Carbonic’s  Vancouver 
office. 

Stuart  Lyon,  m.e.i.c.  (Toronto  ’54)  has  re- 
joined Frankipile  South  Africa  (Pty.) 
Limited  as  Piling  Supervisor,  Natal,  after 
an  absence  of  five  years  spent  in  Soutli 
and  Central  America,  Europe  and  Can- 
ada. 

A.  B.  Sanderson,  m.e.i.c.  (U.B.C.  ’33) 

has  been  elected  the  new  President  of 
the  Association  of  Professional  Engineers 
of  British  Columbia. 

Ralph  A.  Yates,  m.e.i.c.  (Toronto  ’49)  has 
been  elected  as  President  of  Wakefield 
Lighting  Limited,  succeeding  T.  D. 
Wakefield  who  became  Chairman  of  tlie 
Board.  Mr.  Yates  has  held  the  position  of 


Vice  President  since  the  company  was 
incorporated  in  1953.  He  will  continue  to 
serve  as  general  manager. 

A.  D.  Tidsbury,  m.e.i.c.  (Univ.  Alta.  ’50) 
has  joined  the  staff  of  Cabeen  E.xplora- 
tion  Corporation  as  a mining  engineer. 
Mr.  Tidsbury  has  had  several  years  of 
mining  experience  in  Western  Canada, 
United  States  and  Mexico,  both  for  major 
mining  companies  and  as  a consultant. 
He  has  most  recently  been  employed  by 
British  American  Oil  Company  in  their 
mechanical  engineering  department.  Mr. 
Tidsbury  will  be  located  at  the  Calgary 
office  of  the  Company,  and  will  initially 
be  engaged  in  the  evaluation  of  several 
properties  under  investigation  by  the 
Company  in  Briti.sh  Columbia. 

H.  William  Tate,  m.e.i.c.  (Toronto  ’10) 
transportation  consultant  and  a principal 
of  Ewbank,  Tupper  and  Associates  Lim- 
ited of  Toronto  has  been  made  an  hon- 
orary life  member  of  the  Canadian 
Transit  Association.  Mr.  Tate,  a Life 
Member  of  the  Engineering  Institute,  was 
awarded  a special  certificate  in  recogni- 
tion of  his  outstanding  leadership  and 
contribution  to  the  progressive  develop- 
ment of  urban  transit  in  Canada. 

Duncan  M.  Stewart,  a. m.e.i.c.  (Sask.  ’59) 
has  recently  accepted  the  position  of 
technical  sales  engineer  for  DeSpirt 
Mosaic  & Marble  Co.  Limited,  Toronto, 
where  he  will  be  dealing  with  precast 
exposed  aggregate  curtain  walls  and  pre- 
cast concrete  structural  members. 

Everett  R.  Magnusson,  m.e.i.c.  (U.N.B. 
’48)  has  been  appointed  Technical  Offi- 
cer of  the  Canadian  Institute  of  Timber 
Construction.  He  will  be  situated  at  the 
new  branch  office  in  Toronto. 

C.  W.  Sparrow,  m.e.i.c.  (Man.  ’28)  has 
been  appointed  Assistant  General  Man- 
ager in  charge  of  Marketing  and  Long 
Range  Planning  at  Saskatchewan  Govern- 
ment Telephones.  Mr.  Sparrow  began 
his  career  as  an  apprentice  switchman. 
Subsequently,  he  held  positions  of  Trans- 
mission and  Equipment  Engineer  and 
Chief  Engineer.  He  was  appointed 
Manager  Operations  and  Engineering  in 
1959. 


William  G.  Miller,  m.e.i.c.  (N.S.T.C. 

’53),  a former  president  of  Montreal 
Locomotive  Works  Limited,  has  been 
elected  President  of  Alco  Products  Inc. 
He  succeeds  William  S.  Morris. 

J.  C.  Browning,  m.e.i.c.  (U.B.C.  ’50) 
has  been  appointed  Manager,  Refining 
Department  of  the  Royalite  Oil  Company, 
with  headquarters  at  the  Company’s  ' 
Head  Office  in  Calgary.  Prior  to  this 
appointment,  he  was  Refinery  Superin-  j 
tendent  at  the  Saskatoon  Refinery.  Mr.  '■ 
Browning  will  be  in  charge  of  all  the  ' 
Company’s  refining  operations.  This  | 
position  has  been  newly  established  to 
further  co-ordinate  the  Company’s  refin-  i 
ing  operations.  J 

W.  R.  Ford,  m.e.i.c.  (McGill  ’44)  has 
been  promoted  to  Chief  Engineer  of  the 
Canada  Cement  Company.  He  joined  the 
Company  in  1949. 

Joseph  A.  D’Angelo,  m.e.i.c.  (Man.  ’46) 
has  been  appointed  comptroller  of  the 
Chrysler  Corporation  forge  plant  located 
in  New  Castle,  Ind. 

R.  T.  Bogle,  m.e.i.c.  (U.B.C.  ’40)  has 
been  appointed  General  Manager  of  the 
Engineering  Division  of  the  John  Inglis 
Company  Ltd.  as  well  as  the  English 
Electric  Division. 

W.  L.  Campkin,  m.e.i.c.,  has  been  ap- 
pointed Acting  General  Plant  Manager  ' 
at  Saskatchewan  Government  Tele-  ‘I 
phones.  Mr.  Campkin  joined  the  System 
in  1919  as  a switchman.  He  was  ap- 
pointed head  switchman  in  1922,  Equip-  ; 
ment  Supervisor  in  1931,  and  General 
Plant  Supervisor  in  1946.  |i| 


If  you  have  recently  had  an  AP- 
POINTMENT or  TRANSFER,  let 
The  Engineering  Journal’s  editorial 
department  know  about  it  for  a 
PERSONALS  item.  If  you  have  a 
recent  PHOTOGRAPH,  send  that 
too. 

Address  all  information  to  The 
Engineering  Journal,  Editorial, 
2050  Mansfield  Street,  Montreal 
2,  P.Q. 
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other  Societies 


AIME  Award  Winners 

A Canadian  steel  executive  and  a 
27-year-old  American  metallurgist  have 
had  their  achievements  recognized  by 
the  American  Institute  of  Mining,  Metal- 
lurgical, and  Petroleum  Engineers. 

Harold  M.  Griffith  of  Hamilton, 
Vice-President,  Operations,  The  Steel 
Company  of  Canada,  Ltd.,  is  the  recipi- 
ent of  the  Benjamin  F.  Fairless  Award. 
This  award  recognizes  distinguished 
achievement  in  iron  and  steel  production 
and  ferrous  metallurgy.  Mr.  Griffith 
began  his  career  with  Bethlehem  Steel 
Corporation  at  Aliquppa,  Pa.,  as  open 
hearth  metallurgist.  He  left  in  1935 
to  become  steel  works  metallurgist  with 
STELCO.  Following  a series  of  promo- 
tions he  became  Vice-President  in  charge 
of  operations  in  1953.  Mr.  Griffith  was 
elected  to  the  Board  of  Directors  in 
1959. 

Dr.  George  Stephen  Ansell,  Assist- 
ant Professor,  Materials  Engineering,  at 
Renssalaer  Polytechnic  Institute,  Troy, 
N.Y.,  has  been  awarded  the  Robert 
Lansing  Hardy  Gold  Medal.  This  Medal 
recognizes  exceptional  promise  by  a 
metallurgist  under  30  years  of  age.  Dr. 
Ansell  was  named  on  the  recommenda- 
tion of  The  Metallurgical  Society  of  the 
Institute.  His  successes  at  the  U.S.  Naval 
Research  Laboratory,  Washington,  D.C., 
as  head  of  the  Metal  Physics  Consultant 
Staff  and  his  activities  from  1955  until 
1958  in  that  field  as  a Naval  Lieutenant, 
induced  highest  praise  from  his  superiors. 

A utomatic  Control  Meetings 

Two  important  international  Auto- 
matic Control  conferences  will  be  held 
during  the  summer  of  1963. 

Papers  are  invited  for  pre.sentation 
at  the  Second  Congress  of  the  Interna- 
tional M'deration  of  Automatic  Control 
to  he  held  in  Basle,  Switzerland,  in 
September,  1963,  under  the  auspice's  of 
the  Swiss  Association  for  .\utomatic 
(.outrol,  Papc'i's  shotild  ck'al  with  theorv 
or  ai)pIi(;ations  of  automatic  control.  A 
lew  jrapers  will  he  aceeiite'd  on  eompou- 
euts  ol  control  s\’.stems  and  general  items, 
hurther  details  may  Ix'  ohtaiiu'd  Irom 
tile  Canadian  memix'r  organization  of 
l.l'’./V.C;.  by  writing  to:  The  Secretary, 
Associate  Committe-e'  on  .\ntomatic 
Control,  National  lU’seareh  Council, 
Ottawa  2. 


The  University  of  Texas,  Austin, 
will  be  the  site  of  the  fourth  Joint  Auto- 
matic Control  Conference,  June  19-21, 
1963.  Authors  of  I.F.A.C.  papers  are 
urged  to  submit  them  also  for  J.A.C.C. 
presentation.  Abstracts  are  due  at  the 
end  of  September,  1962,  and  manu- 
scripts by  November  1,  1962.  Such  dual 
submission  is  approved  by  the  American 
Automatic  Control  Council,  and  is  in 
fact  encouraged  for  purposes  of  prac- 
tice and  criticism.  Because  of  I.F.A.C. 
copyright  restrictions,  such  papers  will 
be  preprinted  in  abstract  only.  Of  the 
five  member  societies  of  the  sponsoring 
council,  the  American  Institute  of 
Chemical  Engineers  has  prime  respon.si- 
bility  for  the  1963  J.A.C.C. 


Canadian  Science  Fairs  Council 

The  First  Canada-Wide  Science  will 
be  held  May  11-12  at  the  Science  Build- 
ing of  Carleton  University,  Ottawa.  Dur- 
ing the  school  year  1960-61,  more  than 
30  science  fairs  were  held  across  Can- 
ada, and  a significant  increase  is  ex- 
pected during  1961-62.  The  Canadian 
Science  Fairs  Council  furnishes  informa- 
tion and  planning  assistance  to  teachers, 
community  organizations,  professional 
societies  and  industrial  groups  in  an 
effort  to  increase  interest  in  Regional 
Fairs.  Finalists  from  these  Regional 
Science  Fairs  will  compete  for  awards 

(Continued  on  page  100) 


The  Associations  and  Corporation 

A.P.E.B.C. 

Eight  veteran  engineers  were  awarded  Life  Memberships  at  the  .Annual  Meeting 
of  the  Association  of  Professional  Engineers  of  British  Columbia.  They  were  pre- 
sented with  gold  medallions  for  their  registration  certificates.  Left  to  right,  front 
row:  H.  H.  Allen,  Victoria;  E.  S.  Jones,  Victoria;  L.  R.  .\ndrews,  Vancouver;  and 
Flarold  Lynum,  West  Vancouver.  Back  row:  A.  G.  Phillips,  Victoria;  William  Waters, 
Victoria;  A.  S.  Gentles,  Vancouver.  One  Life  Member,  W.  K.  Willis,  of  \ ictoria. 
was  unable  to  attend  because  of  illness.  The  President  and  Registrar  visited  him 
the  evening  before  and  presented  his  medallion  in  a special  bedside  ceremony. 
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Reinforced  holes  in  beam  sections  will  carry  services. 


Eliminaite  waste  spac 


Waste  space  costs  money  to  enclose  and  maintain.  In  multi-storied  steel  frame  buildings 
floor  thicknesses  including  services  are  at  a minimum.  Air  conditioning  and  other  servicefi 
go  through  the  steel  beams.  The  whole  building  is  lower  and  lighter  and  less  exterioJ 
surface  material  is  required.  These  are  some  of  the  savings  you  get  with  steel — savings, 
that  must  not  be  overlooked  when  framing  prices  are  considered. 


Ipermüs  longer  spans  for  a given  beam  di- 
sm  than  is  practical  with  other  materials. 


Haunched  steel  columns  in  this  multi-storey  hotel 
allow  a greater  rentable  floor  area. 


[lyoii  arc  planning  construction,  consider  carefully  the  merits  of  steel.  Dominion  Bridge 

tis  design  engineers  and  fabricating  facilities  in  most  of  the  major  eities.  The  extent 

1 

i'their  exj^erience  and  the  quality  of  their  performance  have  few  equals  in  Canada. 


Structural  Division 


SB 


DOMINION  BRIDGE 


FIFTEEN  PLANTS  C O A S T-T  O - C O A S T 


News  of  the  Branches 


Amherst 

G.  C.  L.  McEnery,  m.e.i.c. 

Correspondent 

The  monthly  meeting  of  the  Branch 
was  held  December  15,  1961,  at  the 
Fort  Cumberland  Hotel  in  Amherst. 
W.  A.  MacDonald,  M.E.I.C.,  Manager  of 
the  Seaboard  Power  Corporation  Ltd.,  of 
Sydney,  .spoke  on  the  aims  and  objectives 
of  the  Association  of  Professional  Engi- 
neers of  Nova  Scotia.  The  lecture  was 
the  second  in  a series  to  familiarize  the 
members  with  the  various  aspects  of 
Confederation.  Mr.  MacDonald  was  in- 
troduced by  W.  D.  Hagan,  Chairman  of 
the  Branch,  and  thanked  by  H.  M.  Smith 
on  behalf  of  the  members. 

Belleville 

A.  F.  G.  Tooth,  M.E.I.C. 

Correspondent 

Capt.  J.  Fawcett,  Adjutant  of  the 
Special  Militia  Training  Program  in 
Belleville,  was  guest  speaker  at  the 
Branch’s  meeting  of  December  11.  His 
topic  was  National  Survival,  with  par- 
ticular emphasis  on  civilian  rescue  work 
in  the  event  of  a nuclear  attack. 

Capt.  Fawcett  said  that  a nuclear  ex- 
plosion would  not  necessarily  mean  the 
destruction  of  all  life  in  that  area.  Al- 
though there  were  8.5,000  casualties  at 
Hiro.shima  there  were  people  who  sur- 
vived within  500  yards  of  the  actual 
e.xplosion.  This  would  be  inside  ground 
zero.  Normally  it  is  expected  that  rescue 
may  be  effected  within  a zone  around 
the  explosion  area  designated  as  between 
the  Green  Line  and  the  Red  Line.  This 
band  could  be  one  to  eight  miles  wide 
around  ground  zero,  depending  on  wind 
direction. 

Rescue  operations  would  be  set  up  in 
different  phases  beginning  with  recon- 
naissance of  the  affected  area  to  check 
on  radio-activity  and  to  determine  the 
safe  area  for  rescue  personnel  to  enter 
for  a limited  time.  The  Mobile  Support 
Column  would  meet  with  civilian  ward- 
ens in  the  area  to  direct  the  operations 
of  the  rescue  groups.  This  would  involve 
the  location  and  removal  of  trapped 
casualties  in  various  parts  of  heavily 
damaged  buildings,  followed  by  an  ex- 
tensive and  thorough  search  of  the  area 
for  other  casualties  not  found  during  the 
first  search.  Before  finally  leaving  the 
area  a further  exploration  would  be  made 
to  ensure,  as  far  as  possible,  that  all 


! 


survivors  had  been  located  and  given  the 
appropriate  attention. 

Capt.  Fawcett  concluded  by  noting 
that  experience  has  shown  that  civilians 
generally  co-operate  effectively  under 
mihtary  guidance.  In  the  event  of  dis- 
aster it  would  be  necessary  for  all  able- 
bodied  citizens  to  give  their  assistance 
to  the  Militia,  particularly  in  any  capa- 
city in  which  they  have  special  training. 

Capt.  Fawcett  was  introduced  by 
E.  Flynn  and  thanked  by  S.  Sillitoe. 

Border  Cities 

V.  Corin,  a. m.e.i.c. 

Correspondent 

Sixty  members  and  guests  attended  the 
November  15  dinner  meeting  at  the  Elm- 
wood Casino.  The  guest  speaker  was 
M.  J.  Reetham  Clayton  of  International 
Underwater  Contractors  Ltd.,  who 
showed  and  discussed  the  films  “Diving 
School”  and  “Wreck  Busters”.  “Diving 
School”  was  an  outline  of  training  re- 
quired prior  to  qualification  as  a diver. 
It  demonstrated  the  application  of  special 
equipment  and  skills  varying  from  under- 
water welding  to  photography.  “Wreck 
Busters”  showed  the  application  of  this 
specialized  field  in  the  removal  of  a 
sunken  ship  from  the  bottom  of  Montreal 
harbor. 

The  attending  group  showed  great 
interest  in  the  subject  and  a lively  dis- 
cussion followed  the  films. 

The  annual  general  business  meeting 
of  the  Branch  was  held  December  13, 
1961,  at  the  Prince  Edward  Hotel.  Re- 
ports of  the  year’s  activities  were  pre- 
sented, and  the  following  were  elected 
to  the  Branch  e.xecutive  for  1962:  F.  P. 
Mascarin,  Chairman;  R.  L.  Kennedy, 
Vice-Chairman;  W.  A.  MacDonald,  Sec- 
retary; V.  Corin,  Treasurer;  R.  D.  Gil- 
bert, W.  L.  Lucian,  H.  Grunwell,  Execu- 
tive Committee;  W.  P.  Augustine,  Branch 
Reiiresentative  of  Assumption  University 
Senate;  C.  M.  Armstrong,  Nominating 
Committee;  and  R.  H.  Darke,  Past  Chair- 
man of  the  Branch.  After  completion  of 
the  business,  four  students  showed  films 
and  discussed  their  summer  employment 
in  Wales,  England  and  Germany  during 
a recent  student  exchange. 

Kitchener 

A.  R.  LeFeuvre,  m.e.i.c. 

Correspondent 

An  engineering  study  of  radioactive 


contamination  of  surface  runoff  was  dis- 
cussed by  an  assistant  professor  of  civil  j 
engineering  at  University  of  Waterloo 
at  a recent  meeting  of  the  Branch.  Dealt 
with  were  methods  and  results  of  a five 
year  survey  of  radioactive  contamination  ! 
in  the  surface  waters  in  Texas.  Following 
the  technical  session  there  was  a discus- 
sion regarding  Confederation. 

Cape  Breton 

Lloyd  Boutilier,  m.e.i.c.  i 

Correspondent 

A combustion  engineer  with  Dominion  i 
Steel  and  Coal  Company  told  the  Branch  1 
at  its  November  29  meeting  that  there  ! 
is  a great  potential  coal  market  through  | 
heating  by  electricity.  Paul  R.  Terry,  |j 
M.E.I.C.,  who  also  is  a member  of  the  ! 
Branch  executive,  sparked  one  of  the  || 
year’s  most  successful  meetings. 

“Space  heating  by  electricity  is  the  ij 
ultimate  in  modern  heating  and  is  win- 
ning  popular  acceptance  in  both  the 
United  States  and  Ontario.”  Mr.  Terry  j 
said. 

“Coal,  through  the  medium  of  electri- 
city, can  give  the  public  a brand  of  space 
heating  that  has  no  equal  and  is  just  ! 
as  practical  in  Nova  Scotia  as  it  is  else-  ; 
where.” 

“Even  if  only  one-quarter  of  the  new  ^ 
homes  which  are  expected  to  be  con- 
structed in  Nova  Scotia  during  the  next 
10  years  were  heated  by  electricity,  this  ^ 
together  with  commercial  buildings 
would  mean  a market  for  one  million  | 
tons  of  coal.” 

Mr.  Terry  said  that  a test  house  case  ] 
at  Sydney  showed  space  heating  by  elec-  i 
tricity  to  be  more  expensive,  but  the  | 
difference  in  cost  was  expected  to  he  ! 
reduced.  i 

“The  ultimate  in  modem  living,”  Mr. 
Terry  said,  “is  the  ‘all-electric  home’.”  I 

“To  convince  new  customers  that  the  j 
obvious  advantages,  together  with  hid-  ' 
den  values,  make  it  worth  paying  more  ; 
for  electric  heat  will  require  sales  promo- 
tion of  a very  high  order,  and  a concen- 
trated team  effort  will  be  needed  by  all  ; 
concerned  — power  companies,  public 
utilities,  equipment  manufacturers,  archi-  ; 
tects,  contractors  and  the  prime-fuel  ; 
suppliers.” 

“No  one  has  a bigger  stake  in  this 
game  than  coal,  because  it  is  the  best  ; 
way  the  industry  can  win  back  a share 
of  the  valuable  space  heating.”  I 

(Continued  on  page  100)  I 
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This  Canadian-made  SYNCHRO  offers 

temperature  stability  plus  lightness 


ERROR  CURVE 
+ 5 
*4- 


This  Size  8 Daystrom  synchro 
provides  temperature  stability 
without  increasing  weight. 

The  encapsulated  stator  wind- 
ings permit  these  units  to  be 
operated  under  severe  environ- 
mental conditions.  And,  of 
gieatest  importance,  in  random 
sampling  of  Daystrom  Size  8 
synchros,  ei’ror  shift  fi'om  room 
temperature  has  not  exceeded  2 
minutes  over  the  entire  tempera- 
jlure  range  of  —55(1  to  -fl25C. 

i 

I Daystrom  Size  8 “temi)erature 
jstal)le”  units  are  available  as 
ILransmitters,  dill'erenLials,  con- 


trol transfoi’iners  and  resolvers. 
Standard  accuracy  is  +7  min- 
utes, but  5-minute  units  are  also 
available  on  special  order. 

Data  sheets  and  prints  on  the 
“temperature  stable’’  Size  8 
synchro  are  available  on  reciuest. 
And  I'cmcmber,  too,  Daystrom 


makes  a complete  line  of  precision 
rotating  components. 

For  more  information,  call  or 
write  Daystrom  Limited.  1480 
Dundas  Highway  E..  ('ooksville. 
Ontario:  5480  Ferrier  Street. 
Montreal  0.  tjuebec.  subsidiary 
of  Daystrom.  Incoriiorated. 
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CANADIAN  f’lANI-COOKSVIlLE.  ONI. 


DAYSTROM  limited 

WORLD  LEADERS  IN  MEASUREMENT  AND  CONTROL 
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Library  Notes 


Prepared  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 


*1961  HEAT  TRANSFER  AND  FLUID 
MECHANICS  INSTITUTE,  PROCEEDINGS. 

Seventeen  papers  are  included  in  this 
volume  which  deals  with  such  topics  as 
the  stagnation  point  on  blunt  bodies  of 
revolution,  the  interaction  of  the  re- 
flected shock  wave  with  the  laminar 
boundary  layer  on  the  shock  tube  walls, 
the  finite  difference  solution  of  laminar 
boundary  layer  problems,  two-phase 
steam-water  flows,  the  use  of  acoustic 
vibrations  to  improve  heat  transfer,  spray- 
type  condensers,  hypersonic  strong  vis- 
cous interaction  on  a flat  plate  with 
surface  mass  transfer,  hypersonic  shock- 
layer  theory  of  the  stagnation  region  at 
low  Reynolds  number,  ionization  trails, 
transpiration  cooled  anode  of  an  electric 
arc,  and  heat  transfer  through  a melting 
layer  with  external  gas  flow.  This  is  a 
pre-print  volume  of  the  papers  presented 
at  the  Institute,  held  at  the  University 
of  Southern  California,  June  1961.  (Eel. 
by  R.  C.  Rinder  & others.  Stanford, 
University  Press,  1961.  236p.,  $8.00.) 

“linear  graphs  and  electrical 

NETWORKS. 

The  authors  have  developed  their  ma- 
terial from  lectures  they  have  given  in 
graduate  courses  in  various  U.S.  uni- 
versities. Prior  knowledge  of  matrix  and 
Boolean  algebra,  Laplace  transformation, 
and  theory  of  functions  is  assumed,  but 
the  special  concepts  of  linear  algebra, 
upon  which  the  theory  of  graphs  de- 
pends, are  explained.  To  establish  the 
foundations  of  network  theory,  the 
authors  determine  the  mathematical 
properties  of  the  Kirchhoff  equations  by 
means  of  the  linear  graph,  as  it  deter- 
mines the  coefficient  matrices  of  these 
equations.  The  first  five  chapters  con- 
tain the  basic  theory  of  graphs,  and  the 
last  five  (two-thirds  of  the  book)  discuss 
various  applications,  such  as  in  network 
analysis  and  synthesis,  the  theory  of 
switching,  topological  formulas,  com- 
munications networks,  and  flow  graphs. 
(Sundaram  Seshu  and  M.  B.  Reed.  Read- 
ing, Addison-Wesley,  1961.  315p.,  $9.75.) 


“cybernetics,  2nd  ed. 

This  classical  work  deals  with  the  ap- 
plication of  statistical  mechanics  methods 
to  communications  engineering,  with  sub- 
ject matter  ranging  from  such  control 
mechanisms  as  mathematical  calculators 
to  the  nerves  and  brain  of  the  human 
body.  This  edition  has  been  completely 
re-edited,  and  contains  two  new  chap- 
ters by  Dr.  Wiener  on  learning  and  self- 
reproducing  machines  and  on  brain 
waves  and  self -organizing  systems.  (Nor- 
bert Wiener.  New  York,  Wiley,  1961. 
212p.,  $6.50.) 


“relations  de  dispersion  et  particles 

ELEMENTAIRES. 

A collection  of  papers,  some  in  Eng- 
lish and  some  in  French,  dealing  with 
such  topics  as  the  theory  and  applica- 
tions of  dispersion  relations,  analytic 
functions  of  several  complex  variables, 
properties  of  vacuum  expectation  values 
of  field  operators,  double  dispersion  re- 
lations and  unitarity  as  the  basis  for  a 
dynamical  theory  of  strong  interactions, 
weak  interactions,  and  strong  interactions 
of  strange  particles.  C.  DeWitt  and  R. 
Omnes.  New  York,  Wiley,  1960.  671p., 
$20.00.) 

“industrial  furnaces,  volume  I,  5th  ed. 

The  basic  principles  underlying  aU 
furnace  design  and  operation  are  pre- 
sented with  numerous  graphic  illustra- 
tions and  typical  examples.  In  this  edi- 
tion material  on  obsolete  furnace  designs 
has  been  replaced  by  discussions  of  more 
modern  types  of  furnaces.  In  addition  a 
separate  chapter  is  given  on  the  theory 
and  calculation  of  heat  transfer  within 
a furnace  enclosure.  An  expanded  treat- 


THE  ENGINEERING 
INSTITUTE  LIBRARY 
The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library,  and  may  be  borrowed 
by  members  of  the  Institute.  Two 
items  may  be  borrowed  at  one 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.m.;  Saturdays: 
9 a.m.  to  12  noon.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mansfield 
Street,  Montreal. 


ment  of  the  capacity  of  modem  forced- 
convection  furnace  and  of  modem  axial 
heating  furnaces  is  also  given.  (W.  Trinks 
and  M.  H.  Mawhinney.  New  York, 
Wiley,  1961.  486p.,  $17.00.) 

EFFECTIVE  COLLEGE  RECRUITING. 

The  results  of  a study  undertaken  in 
1960  by  the  Bureau  of  Industrial  Re- 
lations of  the  University  of  Michigan, 
intended  to  show  what  effective  college 
recruiting  is.  It  is  based  on  193  re- 
sponses from  reemiters  and  companies, 
and  1134  from  students.  It  considers 
such  topics  as  the  reemiting  process,  the 
college  placement  office,  campus  inter- 
viewing, student  attitudes  to  recruiters, 
company  recruiting  literature.  A final 
chapter  tries  to  explain  today’s  students 
to  the  recruiter.  (G.  S.  Odiome  and 
A.  S.  Hahn.  Ann  Arbor,  Univ.  of  Michi- 
gan, Bureau  of  Industrial  Relations,  1961. 
288p.,  $5.00.) 

“asphalt:  its  composition,  properties 

AND  USES. 

The  chemical,  physical,  colloidal,  rheo- 
logical and  durabihty  properties  of 
asphalt  are  presented.  This  is  followed 
by  reviews  of  asphalt  manufacturing 
methods  and  the  various  forms  in  which 
it  is  used,  e.g.,  cutbacks  and  emulsions. 
An  entire  chapter  is  devoted  to  mineral 
fillers  and  filled  asphalts,  and  the 
author  concludes  with  descriptions  of 
the  major  uses  of  asphalt:  road  building, 
roofing,  hydraulic  structures,  and  special- 
ties. The  overall  approach  is  selective 
rather  than  comprehensive.  (R.  N.  Trax- 
ler.  New  York,  Reinhold,  1961.  294p., 
$10.00.) 

“thermoelectricity:  SCIENCE  AND 
ENGINEERING. 

This  book  covers  the  physics  and 
chemistry  of  thermoelectric  materials,  the 
design  of  materials,  and  the  device  tech- 
nology. Specific  aspects  considered  in- 
clude classical  and  irreversible  thermo- 
dynamic treatment  of  thermoelectricity, 
thermal  conduction  in  thermoelectric  ma- 
terials, measurements  of  properties  of 
thermoelectric  materials,  theory  of  ther- 
moelectric materials,  low  temperature 
Peltier  cooling,  thermionic  conversion, 
theoretical  calculation  of  device  perfor- 
mance, and  heat  transfer  problem  in 
thermoelectric  devices.  (R.  R.  Heikes 
and  R.  W.  Ure.  New  York,  Interscience, 
1961.  576p.,  $18.50.) 

(Continued  on  page  94) 
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THE  ENGINEERING  INSTITUTE  OF  CANADA 
FOURTH  SOUTHERN  ONTARIO 
REGIONAL  CONFERENCE 
APRIL  28,  1962. 

Hotel  London,  London,  Ontario 

i 

s 

PROGRAM 

).00  a.m.  : Branch  Executive  Meeting 

).30  a.m.:  Registration 

L.30  a.m.:  Ladies  Program  Starts 

..15  p.m.:  Conference  Opened  by  Dr.  B.  G.  Ballard 
President,  E.I.C. 

“DISCUSSION  ON  ENGINEERING 
EDUCATION” 

LOO  p.m.:  Dr.  L.  G.  Soderman — Practical  Applica- 
tions of  Recent  Advances  in  Soil 
Mechanics 

M.  J.  Stoesser — The  Plastic  Industry — 
75  Years  of  Growth 

5.30  p.m.:  D.  L.  S.  Bate — Nuclear  Power  Generation 
/.  G.  Guthrie  — The  Industrial  Group 
Relationship  — Engineer  to  Management 

5.00  p.m.:  Cocktails  & Refreshments 

7.00  p.m.:  Dinner 

5.15  p.m.:  Dr.  A.  D.  Misener  — 75  Years  of  En- 
gineering Progress 

).00  j).m.:  Dance 

EES:  $10  per  member;  $18  per  couple. 

(Cocktails,  Dinner  and  Dance  oidy  $10  per  Couple) 

PONSORING  BRANCHES  London,  Sarnia  and 
Border  Cities. 


SKIllED  ENGINEERING 
IN  STEEL 
PROJECTS 


When  skilled  engineering 
is  required  no  structural 
steel  project  is  too  large,  too 
small  or  too  complex  for  the 
Canadian  Bridge  Works. 
Thoroughly  experienced 
engineering,  fabrication 
and  erection  services 
assure  construction  of  steel 
that  fulfils  the  most  exacting 
requirements  —total 
responsibility  in  the  one 
competent  organization 
with  over  60  years  of 
experience. 


WRITE  FOR  OUR  | 
"STEELWORK" 

BROCHURE  <ïr»T-r«T»> 


Our  representatives  are 
available  for  consulta- 
tion any  time,  anywhere 


DOMINION  STEEL  AND  COAL  CORPORATION. LIMITED 

CANADIAN  BRIDGE  WORKS 

WALKKRVII.LK.  ONTARIO  I.ASALI.K.  QUKRKC 
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Business  and  Industrial  Briefs 


Appointments  and  Transfers 


The  board  of  directors  of  Canadian  In- 
dustries Limited  has  announced  that 
effective  March  1,  1962,  Leonard  Hynes, 
vice-president,  will  become  president  of 
the  company  and  chairman  of  the  execu- 
tive committee,  succeeding  P.  C.  Allen, 
who  has  been  president  since  January 
1959.  Mr.  Allen  is  returning  to  England 
to  assume  duties  in  his  capacity  as  an 
executive  director  of  Imperial  Chemical 
Industries  Limited.  He  will  remain  a 
director  of  C-I-L,  serving  as  chairman 
of  the  board.  W.  T.  D.  Ross,  vice-presi- 
dent, will  succeed  Mr.  Hynes  as  vice- 
chairman  of  the  executive  committee. 

E.  A.  Burgess,  Eastern  Area  Manager 
of  James  Howden  & Company  of  Can- 
ada Limited,  has  been  elected  a director 
of  the  company.  Mr.  Burgess  will  direct 
Howden’s  Sales  and  Services  program 
in  eastern  Canada  from  the  firm’s  Mont- 
real office. 

H.  M.  King  has  been  appointed  to  the 
Ontario  sales  staff  of  the  James  Howden 
Company  of  Canada  Limited.  Mr.  King 
joins  Howden  after  five  years  with  the 
Trane  Company  of  Canada.  He  will  be 
in  charge  of  sales  and  service  for  How- 
den in  southwest  Ontario. 

J.  M.  Rochon,  Chief  of  the  Metals  and 
Minerals  Division  of  the  Department  of 
Trade  and  Commerce  has  been  appointed 
as  Commercial  Counsellor  (Metals  and 
Minerals)  in  London,  England.  His  terri- 
tory includes  the  European  Economic 
Community. 

Mr.  A.  Bandi,  President,  Aviation  Elec- 
tric Limited,  has  announced  the  follow- 
ing appointments:  D.  R.  Taylor,  from 
Vice-President  to  Senior  Vice-President; 
A.  Lavendel  from  Director,  Overhaul 
Division  to  Vice-President,  Overhaul 
Division;  C.  D.  Garbutt,  from  Sales  and 
Services  Manager  to  Director  Sales  & 
Service;  R.  S.  Bennett,  from  Production 
Manager  to  Director  of  Manufacturing; 
E.  Wall,  from  Manager,  Planning  and 
Development  to  Director  of  Engineering; 
A.  H.  Davies,  from  Assistant  Quality 
Control  Manager  to  Quality  Control 
Manager. 


Cassius  C.  Belden  has  been  appointed 
manager  of  employee  and  public  rela- 
tions, and  Ronald  H.  Tippet  has  been 
appointed  manager  of  public  relations 
of  Dominion  Bridge  Company.  Mr. 
Belden,  formerly  employee  relations  man- 
ager, joined  the  company  in  1959  after 
many  years  of  experience  in  industrial 
relations  and  personnel  administration  in 
Canada  and  the  United  States.  Mr. 
Tippet,  Supervisor  of  Information  since 
1959,  joined  the  company  in  1954  as 
publications  editor. 

Thomas  A.  Yellowlees  has  been  ap- 
pointed Manager  of  Public  Relations  for 
Canadian  General  Electric  Company 
Limited.  Mr.  Yellowlees,  who  joined 
the  company  in  1940,  has  had  wide 
experience  in  sales,  advertising  and 
public  relations  in  several  of  the  com- 
pany’s major  departments.  Prior  to  his 
present  appointment  he  was  Manager 
of  Advertising  and  Sales  Promotion  for 
the  Apparatus  Department. 

Shell  Oil  has  announced  several  staff 
changes.  A.  C.  Hogge,  currently  manager 
of  Shellburn  refinery  near  Vancouver, 
will  become  manager  of  the  Montreal 
East  refinery.  He  succeeds  G.  A.  Lorenz 
who  will  be  with  Shell  in  Venezuela. 
P.  Gordon,  now  assistant  manager  of  the 
Montreal  East  refinery,  will  become 
Manager,  manufacturing  Head  Office, 
a newly  created  position.  A.  J.  Foote  will 
succeed  Mr.  Hogge  as  Manager  of  the 
Shellburn  Refinery. 

A.  G.  Gillespie  has  been  named  Vice- 
president  in  charge  of  marketing  for 
Flygt  Canada  Limited.  Prior  to  joining 
this  company,  Mr.  Gillespie  had  exten- 
sive experience  in  the  mining  and  con- 
struction fields  for  more  than  20  years. 

William  J.  Sim  has  been  appointed  plant 
superintendent  of  Sparling  Tank  & 
Manufacturing  Company,  a subsidiary  of 
Products  Tank  Line  of  Canada  Ltd.  Mr. 
Sim  has  had  18  years’  experience  in  the 
plate  fabrication  industry.  He  is  a spe- 
cialist in  vessel  and  plant  fabrication 
for  the  petro-chemical  industries. 


John  P.  Berryman  has  been  appointed  ■ 
Equipment  Sales  Manager  for  the  Indus-  a 
trial-Medical  Division  of  Liquid  Carbonic  j 
Canadian  Corporation  Limited.  Mr.  J 
Berryman,  responsible  for  new  product  i 
evaluation,  sales  development  and  serv-  j I 
ice  to  the  Canadian  welding  industry, , | 
will  be  located  at  the  Company’s  Head  ; I 
Office  in  Montreal.  ! 

Robert  L.  Hatch  has  been  appointed  I 
Manager  of  Product  Development  Water  ; i 
Control  Equipment  Division,  the  Rodney  j , 
Hunt  Machine  Company.  In  this  newly  ; i 
created  position,  Mr.  Hatch  will  have  j ^ ' 
charge  of  developing  programs  for  the  ( 
broadening  of  Rodney  Hunt’s  line  of  I 
water  control  equipment.  i 

Douglas  C.  Hodge  has  been  given  the  ' 
additional  responsibility  of  sales  contacts 
with  Coach  operators  in  eastern  Canada  ; 
for  the  General  Motors  Diesel  Limited,  j 
Mr.  Hodge  has  been  Coach  Service 
Representative,  and  now  he  becomes  ' 
Sales  and  Service  Representative.  i 

Jacob  J.  Jaeger  has  been  appointed  Vice-  j 
President  Engineering  of  Massey-  ; 
Ferguson  Ltd.  Mr.  Jaeger  was  on  the  j 
staff  of  the  Massachusetts  Institute  of 
Technology  for  six  years,  after  which 
he  became  chief  engineer,  Vice-President 
of  Engineering,  and  President  of  Pratt 
& Whitney  Machine  Tool  Company  in 
Connecticut.  j 

George  W.  Langston  has  been  appointed  'j 
General  Traffic  Manager  of  Crane  i 
Limited,  Montreal.  Mr.  Langston  has  ; 
had  many  years  experience  in  all  phases 
of  transportation  work,  having  joined 
Crane  as  Traffic  Manager  in  1947. 

E.  J.  Trimbee  has  been  appointed  Man-  : 
ager  of  Purchasing  for  Philco  Corpora-  , 
tion  of  Canada  Limited.  Mr.  Trimbee, 
with  the  company  20  years,  has  held  ; 
several  important  positions  in  the  pur- 
chasing area,  and  will  be  responsible  for 
the  operation  and  activities  of  the  Com- 
pany’s purchasing  department. 

(Continued  on  page  101) 
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YOU  CAN 
BUILD 

$1,000 

WORTH  OF 
EQUIPMENT 
FOR  ONLY 

$564. 

with 


DEXION 


With  a supply  of  DEXION 
angles  . and  accessories  on 
hand,  your  own  staff  can 
easily  build  many  of  the 
items  they  use  every  day 
in  factory  or  warehouse . . . 
No  baffling  search  for  the 
right  supplier,  no  costly 
wait  for  delivery.  No  high 
prices  either.  DEXION  does 
the  job  cheaper,  faster, 
better.  For  all  the  details, 
just  mail  the  coupon. 


mail 

this 

coupon 

today 


It’s  SO  easy  to  build  your  own  equipment  with  DEXION  — 
and  save  dollars!  No  detailed  drawings  needed,  no  skilled 
labor,  no  painting.  Most  of  the  work  — including  the 
measuring  — is  pre-engineered  into  every  length  of 
DEXION  slotted  angle.  Ail  you  do  is  cut  it,  bolt  it... 
Tables,  trollies,  racks,  shelves,  conveyors  — cost  you 
less,  do  the  job  better  when  tailor-made  on  the  spot  with 
DEXION  angles  and  accessories. 


DEXION  (CANADA)  LTD. 
114  CLAYSON  RD.  WESTON,  ONT. 

□ Please  send  free  DEXION  handbook. 
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The  Engineering  Institute  of  Canada 
Montreal  Branch 

Conference 

on 

Urban  Transportation 

Montreal 
March  22  and  23 

Windsor  Hotel 


PROGRAM 


Thursday,  March  22 


8.30 

9.15 


a.m. 


a.m. 


9.30  a.m.  — 


11.00  a.m. 


Registration 
Welcoming  Address 
C.  G.  Kingsmill,  Chairman 
Montreal  Branch 
“Transportation  in  the 
Modern  Metropolis” 

H.  Blumenfeld,  Town  Planner 
“Problems  de  Construction 
dll  Transport  Urbains” 

L.  L’Allier,  Dir.  des 
Travaux  Publics,  Montréal 
12.30  p.m.  — Lunch 

Guest  Speaker: 

Byron  T.  Kerr, 

Mayor  of  St.  Lambert 
“Use  of  Railway  Facilities  in 
Mass  Transportation” 

W.  Sergeant,  Asst.  Gen. 
Transportation  (Tech.) 

St.  Lawrence  Region 
“Paris,  Ses  Transports 
Urbains,  Son  Métropolitain” 
Jacques  Gaston,  Ing.  en  chef. 
Regie  Autonome  du  Transport 
Parisien 


2.30  p.m.  — 


Supt. 


3.45 


p.m. 


9.15 


a.m. 


Friday,  March  23 

Speaker:  Jules  Archambault, 
Ing.  en  chef.  Commission  de 
Transport,  Montreal 


10.45  a.m.  — “Subway  Development 

in  Toronto”  ' 

W.  H.  Paterson,  Gen.  Mgr. 
Subway  Construction, 

Toronto  Transit  Commission 

12.30  p.m.  — Lunch 

Guest  Speaker:  Mayor 
Jean  Drapeau 

2.30  p.m.  — Panel  Discussion 

“The  Economic  and 
Technical  Aspects  of  Urban 
Transportation  in  Montreal” 
Moderator:  Dr.  0.  N.  Solandt, 
Vice  President  Research  and 
Development,  C.N.R. 
Participants:  Jules  Archambault 
Ing.  en  chef.  Commission  de 
Transport,  Montréal 
— Georges  Derou,  Ing.  en  chef. 
Régie  Autonome  du 
Transport  Parisien 
— P.  E.  Morrissette,  Dir. 
adjoint  des  Travaux  Publics, 
Montréal 

— Claude  Robillard,  Dir.  du 
Service  d’Urbanisme, 

Montréal 

— Messrs.  Blumenfeld, 
Paterson,  Archambault 
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::eel  bridges  and 
iiructural  steel  ! 

for  strength 
. . . economy 
. . . versatility 

• Adopted  by  the  ASTM  on  June  16,  1960 

• Recognized  by  the  AA.S.C, 


ASTM  Specification  A36  covers  carbon  steel  shapes,  plates, 
and  bars  of  structural  quality  not  over  4 in.  in  thickness  for 
use  in  the  construction  of  bridges  and  buildings,  and  for 
general  structural  pruposes. 

10  PER  CENT  STRONGER  THAN  A7  AND  A373 

A36  has  an  increased  yield  point  of  36,000  psi,  and  is  approxi- 
mately 10  per  cent  stronger  than  A7  and  A373.  The  higher 
yield  point  of  A36  allows  increased  design  stresses  using  the 
same  factors  of  safety. 

CONTROLLED  CHEMISTRY  ASSURES  WELDABILIT^t 

A373  has  been  generally  specified  for  welded  construction  of 
bridges  and  buildings.  The  chemical  requirements  at  left 
indicate  how  closely  A36  agrees  with  A373  in  chemistry  and, 
therefore,  in  weldability.  Where  weldability  is  required,  the 
controlled  chemistry  will  permit  the  use  of  A36. 

INCREASE  IN  YIELD  POINT  SAVES  WEIGHT 

The  substantial  increase  in  yield  point  for  A36  makes  it  a 
real  bargain  in  strength-to- weight  ratio  at  a very  nominal 
cost.  The  weight  saved  by  designing  with  A36  steel  will  result 
in  even  greater  economy  for  steel  construction. 

A36  IS  AVAILABLE  IN  ALL  SIZES  AND  SHAPES 

A36  can  be  furnished  from  the  same  schedules  and  in  all  sizes 
and  shapes  in  which  A7  and  A373  are  rolled. 

Bethlehem  Steel  Export  Corporation,  25  Broadway,  New  York  4.  U.S.A. 
Cables:  hetiii.kiikm  new  yohk. 

Conlliiiioiis  Sheet  Mill,  Structural  Mills,  Carbon  and  Alloy  liar  Mills,  Plate  Mills  and  Piling  Mills 
are  located  at  Lackawanna,  N.Y.  (near  Buffalo),  a location  from  which  convenient,  quick  ship- 
ment can  be  made  to  the  Canadian  market. 

For  complete  hiformation  on  protlncls  of  liclhlchcm  Steel 
consult 

Bethlehem  Steel  Export  (A»mpany  of  Canada,  Ltd.: 

Dominion  Square  BldR.,  Montreal, 

170  Ihiiversity  Avenue,  Toronto  1,  Ontario. 

A.  E.  Murray,  Marine  BiiildiiiK,  N'aneonver,  British  C'ohnnhia. 
James  (i.  (Tawford,  St.  John’s,  Newfoiiiulland,  Canada. 


SPUN  ROCK 

BLANKETS 

and 

PIPE  INSULATION 

for  Canadian  industry 

Has  all  the  features  expected  of  a 
good  thermal  insulation,  plus  these 

IMPORTANT  EXTRAS: 

• Long,  resilient,  stable  fibres; 
no  binder 

• Non-corrosive  to  any  metal 

• Withstands  continued 
vibration 

• Maximum  thermal  efficiency 
at  temperatures  as  high  as 
1200°  F. 

• Made  from  rock,  by  electric 
furnace  process. 

• Conforms  to  Commercial 
Standards  CS-1 17-49 

Technical  information  and  samples  available. 

SPUN  ROCK  WOOLS 

LIMITED 
Thorold  Ontario 

0001 
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“standard  costs  for  manufacturing, 
3rd.  ed. 

Completely  revised,  this  tliird  edition 
has  four  sections.  Part  one  discusses  the 
standard  cost  system,  its  concepts,  de- 
velopment, accounting  procedures  and 
variance  accounting.  Part  two  is  con- 
cerned with  the  setting  of  cost  standards, 
for  direct  and  indirect  labor,  materials, 
utilities,  general  overhead,  and  mainten- 
ance and  other  services.  In  part  three 
the  standards  are  applied  to  operations, 
and  variances  in  the  costs  are  discussed, 
introducing  variance  analysis,  control  and 
tabulation.  The  final  section  discusses 
such  miscellaneous  items  as  operating 
budgets,  incentive  plans,  salary  evalua- 
tion, and  some  short  cuts  in  preparation 
of  standards  and  in  accounting.  (S.  B. 
Henrici.  Toronto,  McGraw-Hill,  1960. 
402p.,  $8.50.) 

“water  treatment  for  industrial  and 
OTHER  uses,  2nd.  ed. 

An  extensive  discussion  of  the  condi- 
tioning and  treatment  of  water  supplies 
for  industrial  and  domestic  uses.  The 
material  in  this  edition  has  been  con- 
siderably enlarged  and  rewritten  with 
a view  to  including  many  advances 
within  the  field  and  to  clarify  the  presen- 
tation where  necessary.  In  particular  two 
new  chapters  have  been  added  which 
deal  with  commercial  and  institutional 
water  conditioning  and  with  municipal 


water  conditioning.  The  material  dealing  | 
with  silica  removal  has  been  rearranged  | 
in  a more  logical  fashion.  (Eskel  Nordell.  ’ 
New  York,  Reinhold,  1961.  598p., 

$12.00.) 

“le  chantier  de  batiment  et  de 

TRAVAUX  PUBLICS.  I 

I 

A comprehensive  and  detailed  treat-  ' 
ment  of  construction  equipment  and 
plant  for  building  and  public  works.  The 
first  section  deals  with  general  considera- 
tions: organization,  buildings  and  gen-  | 
eral  supplies,  financing.  Part  II  covers  j 
standard  equipment  such  as  scaffolding,  j 
earth  movers,  crushing  and  screening 
machines,  hoisting  and  conveying  ma-  j 
chines,  and  electric,  hydraulic,  and  com-  ; 
pressed  air  tools.  Part  III  is  devoted  to  I 
specialized  equipment  for  foundation  • 

work,  highways,  bridges  and  viaducts, 
shaft  sinking,  quarries,  dredging,  etc. 
Numerous  tables  provide  detailed  data 
on  sizes,  capacities,  etc.  for  all  items 
considered.  (Vittorio  Zignoli.  Paris, 
Eyrolles,  1961.  660p.,  NF  100.15.) 

“plastics  IN  NUCLEAR  ENGINEERING.  j 

Practical  plastics  applications  are  dis-  | 
cussed  from  the  view-point  of  the  engi-  ! 
neer  dealing  with  nuclear  research  ap- 
paratus. The  author  describes  the  uses 
of  plastics  in  the  measurement  of  radia- 
tion, radiation  protection,  high-voltage 
service,  low-voltage  service,  magnets, 
and  high-vacuum  apparatus.  In  addi-  i 

tion  optical  applications  and  mechanical,  ' 

thermal,  and  miscellaneous  uses  are  con-  | 

sidered.  (J.  O.  Turner.  New  York,  Rein-  i 

hold,  1961.  139p.,  $5.50.) 


EMERGENCY  EYE-WASH 


SPLIT 
SECOND 
SA 


Model  7300 

Cast  aluminum  receptor; 
twin  fountain  heads 
direct  automatically 
regulated  streams 
into  the  eyes. 


Sensitive  eye  tissue  can  be  destroyed  in  moments. 
Contamination  from  industrial  caustics  and  chemi- 
cals requires  instant  first  aid  . . . and  a HAWS 
Emergency  Eye-Wash  Fountain  can  mean  the 
difference  between  temporary  irritation  and  perma- 
nent injury!  Write  for  your  free  HAWS  catalog. 


Since  1909 


EYE-WASH  FOUNTAINS 

A proctuct  of  HAWS  DRINKING  FAUCET  COMPANY 

MONTREAL,  QUEBEC  NORTH  VANCOUVER,  B.  C. 

R.  G.  K.  WARD,  LTD.  ROBERT  SOMERVILLE,  LTD. 
5719  Monkland  Ave.  2720  Crescentview  Drive 


“progress  in  VERY  HIGH  PRESSURE 
RESEARCH. 

This  volume  consists  of  the  papers 
and  discussions  presented  at  an  Inter- 
national Conference  held  at  Bolton  Land- 
ing, Lake  George,  New  York;  June  13-14, 
1960.  In  the  papers  included  emphasis  is 
placed  upon  equipment  and  techniques, 
structures  of  materials  formed  under  high 
pressure,  and  behavior  of  matter  under 
high  pressure.  In  addition  the  problem 
of  absolute  pressure  calibration  is  con- 
sidered at  length,  and  many  optical, 
electrical,  and  magnetic  changes  in  ma- 
terials resulting  from  decrease  of  inter- 
atomic or  inter-molecular  distances  are 
described.  (F.  P.  Bundy  and  others.  New 
York,  Wiley,  1961.  314p.,  $12.00.) 

FUNDAMENTALS  OF  UHF. 

Concerned  with  the  basic  features  of 
ultra  high  frequency,  from  300  to  3000 
me,  the  text  explains  of  uhf  techniques 
and  equipment,  and  the  differences  be- 
tween communications  in  this  frequency 
band  and  at  lower  frequencies  are  ex- 
plained. The  topics  covered  include 
propagation,  transmission  lines,  resonant 
lines,  oscillators,  transmitters,  amplifiers 
and  receivers,  antennas,  and  microw’ave. 
Also  covered  are  communications  and 
test  equipment.  (Allan  Lytel.  New  York, 
Rider,  1961.  153p.,  $3.90.) 

(Continued  on  page  103) 
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iARDNER-DENVER’S  MODEL  S58  SINKER  DRILLS  SET 
lEW  NORTH  AMERICAN  SHAFT  SINKING  RECORD... 


Reprinted  from  the  November  23rd 
issue  of  THE  NORTHERN  MINER 
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Gardner-Denver  Sinkers 
for  all  types  of 
construction, 
mining  and 
quarrying. 


Gardnor-Donvor  Company  (Canada),  lld.,  14  Curily  Av«.,  Toronto  16,  Onforio 
Factory:  Woodstock,  Ontario 


Sales  & Service  Offices:  Moncton,  N.B  . Montreal,  Que.  Sopt-lles.  Que  . Sudbury,  Ont  . Kirkland  loi.r 


Ont  ; Winnipeg.  Man..  Edmonton.  Alto  Nelson  B C Voncouvei  B C 
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• OTHER  SOCIETIES 

(Continued  from  page  75} 

of  national  significance  at  the  Canada- 
Wide  Fair  in  Ottawa.  The  Sponsors  of 
the  Council  include:  Agricultural  Insti- 
tute of  Canada;  Canadian  Association  of 
Physicists;  Canadian  Conference  on 
Education;  Canadian  Dental  Association; 
Canadian  Education  Association;  Cana- 
dian Federation  of  Biological  Societies; 
Canadian  Medical  Association;  Canadian 
Teachers’  Federation;  Canadian  Uni- 
versities Foundation;  Chemical  Institute 
of  Canada;  Engineering  Institute  of 
Canada;  Geological  Association  of  Can- 
ada; Royal  Astronomical  Society  of 
Canada. 


Coming  Events 

■American  Society  of  Mechanical  Engi- 
neers Gas  Turbine  Power  Gonfer- 
ence.  Gleveland,  March  4-7. 

American  Society  for  Quality  Gontrol. 
Ninth  All-Day  Forum.  Toronto. 
March  10. 

American  Society  of  Tool  and  Manufac- 
turing Engineers.  Annual  Meeting. 
Gleveland.  March  15-23. 

National  Association  of  Corrosion  Engi- 
neers. 18th  Annual  Conference. 
Kansas  City,  March  18-22. 

Engineering  Institute  of  Canada,  Mont- 
real Branch.  Urban  Transportation 
Conference.  Montreal.  March  22-23. 


Institute  of  Radio  Engineers.  National 
Convention.  New  York.  March 
26-29. 

In.strument  Society  of  America.  Spring 
Instrument-Automation  Conference 
and  Exhibit.  Dallas.  March  26-29. 

ASME-AIEE-EIC  Railway  Conference. 
Toronto.  April  9-10. 

Engineering  Institute  of  Canada,  4th 
Southern  Ontario  Regional  Confer- 
ence. London.  April  28. 

Eighth  Congress  Inter-American  A,s.so- 
ciation  of  Sanitary  Engineers.  Wa.sh- 
ington,  D.C.  June  10-15. 

Engineering  Institute  of  Canada.  An- 
nual Meeting.  Montreal.  June  12-15. 


(Continued  from  page  75) 

C.P.E.Q. 

A recent  survey  conducted  by  the 
Quebec  Corporation  of  Professional  En- 
gineers revealed  that  25%  of  all  Engi- 
neers in  Quebec  are  employed  by  ten 
firms.  Corporation  records  show  that 
Northern  Electric  maintains  the  top 
position  amongst  the  larger  employers  of 
engineers  in  this  province,  with  a total 
of  462  engineers.  The  Bell  Telephone 
Company  has  425  engineers.  Following 
are  the  10  leading  employers  of  engi- 
neers in  Quebec:  Northern  Electric,  462; 
Bell  Telephone,  425;  Provincial  Govern- 
ment, 397;  City  of  Montreal,  274;  Alu- 
minum Company  Can.,  271;  Hydro- 
Quebec,  195;  Canadair  136;  Armed 
Services,  133;  Dominion  Bridge,  116; 
Canadian  National  Railways,  110. 

A. P.E.O. 

John  William  Holmes,  38,  of 
Niagara  Falls,  has  been  elected  President 
of  the  Association  of  Professional  Engi- 
neers of  Ontario.  He  succeeds  L.  C. 
Sentence  of  Hamilton.  Mr.  Holmes  took 
ofBce  officially  at  the  Association’s  annual 
meeting  in  Toronto  January  27.  Mr. 
Holmes  is  chief  engineer  and  a director 
of  the  H.  G.  Acres  and  Company  Ltd., 
a consulting  engineering  firm  in  Niagara 
Falls.  Elected  first  Vice-President  for 
1962,  is  Robert  L.  Hicks  of  Toronto,  an 
engineer  with  the  Toronto  Hydro-electric 
System.  Donald  L.  Angus,  of  Toronto, 
was  elected  second  Vice-President. 

© 

(Continued  from  page  78) 

An  excellent  discussion  followed  Mr. 
Terry’s  talk.  The  speaker  was  introduced 
by  R.  A.  Bradley  and  thanked  by  H.  C. 
Maitland. 

During  the  December  13  business 
i meeting,  the  following  officers  were 
elected  for  1962:  Chairman,  Mr.  Mait- 
land; Vice-Chairman,  J.  S.  Stevens; 
Treasurer,  J.  C.  Campbell;  Secretary, 
L.  R.  Boutilier;  Executive  members  R.  C. 
Bezanson,  J.  J.  Laffin,  W.  R.  Lewis, 

B.  St.  C.  Langille,  J.  W.  Farrel  and 
W.  E.  MacDonald. 

m 


lEW  IRBail  EBMmif 

THROUGH  WORLD-WIDE  EXPERIENCE 
AND  VAST  EQUIPMENT  RESOURCES 


1 


3 Generations  of  Experienee  in  19  Countries. 

One  of  a large  group  of  dredging  companies 
spread  over  three  continents. 

Resources  include  41  dredges  and  112 
supporting  vessels  of  every  type  and  size. 

Beaver  Dredging  will  be  pleased  to  provide 
information  and  preliminary  estimates. 

BG&%/Gr  DrGdffing 

COMPANY  LIMITED 

1 1 1 Richmond  St.  West,  Telephone:  EM  3-4162 
Cable  Address  "Filling" 
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(Continued  from  pane  88) 

Carl  C.  Agar,  the  founder  of  (fkanagan 
Helicopter  Ltd.,  is  retiring  after  many 
years  of  distinctive  service  to  this  field 
of  aviation.  Mr.  Agar  will  continue  as  a 
Director  of  the  Company  and  consultant 
on  technical  matters. 

I 

i Pumps  and  Softeners  Limited,  London, 
I Ont.  has  announced  the  appointment  of 
I Stewart  A.  McWilliam  to  the  depart- 
j ment  of  Industrial  Development  and 
I Design.  His  new  position  will  include 
the  design  of  additional  equipment  to 
; round  out  the  Company’s  water  treatment 
! facilities  with  particular  responsibility 
for  pollution  treatment. 

J.  R.  Tansony,  has  been  appointed  Chief 
Engineer  of  Indufab  Limited,  Toronto, 
Mr.  Tansony  has  been  a design  and 
I application  engineer  for  the  pa.st  two 
years. 

' R.  B.  Carpenter  has  been  appointed 
. works  manager  of  the  Calgary  explosives 
plant  of  Canadian  Industries  Limited. 
Mr.  Carpenter  succeeds  R.  J.  Nixon,  who 
has  been  appointed  sales  administrator 
at  the  Head  Office  in  Montreal. 

Allan  A.  Rowan-Legg  has  been  elected 
Vice-President  and  General  Manager  of 
Carlock  of  Canada  Limited.  He  suceeds 
Edwin  W.  Reese.  Rowan-Legg  will  be 
respon.sible  for  marketing  and  manufac- 
turing. 

F.  A.  Tremblay  has  been  appointed  local 
Sales  Manager,  Sept-Iles,  Que.  for  the 
explosives  division  of  Canadian  Indus- 
tries Limited.  Mr.  Tremblay  joined 
C-I-L  in  1952  at  Montreal. 

W.  C.  Turner,  Chairman  of  the  Board, 
has  announced  the  election  of  T.  W. 
Wilson  as  president  of  Canadian  Bitu- 
muls  Company  Limited. 

International  Business  Machines  lias 
named  two  new  .senior  officers.  G.  H. 
Sheppard  has  been  elected  Chairman  of 
the  Board  and  J.  E.  Brent  has  been 
named  President  and  Chief  Executive 
Officer.  Mr.  Sheppard  has  .served  in  vari- 
ous managerial  positions  since  joining 
IBM  in  1929.  He  was  named  President 
in  1945.  Mr.  Brent,  joined  IBM  in  1931, 
was  Vice-President  in  1949,  and  Execu- 
tive Vice-President  of  IBM  World  Trade 
Corporation  in  New  York. 

Edward  E.  Biiswell  has  been  appointi’d 
Technical  Officer  of  the  Canadian  In- 
stitute ()l  Timber  (ainstniction.  Me  will 
he  situated  at  the  Ottawa  office. 


H.  Reid  Scott  has  been  appointed  assist- 
ant manager  of  the  pulp  and  paper 
in.strument  sales  division  of  the  Foxboro 
Company  Limited,  La  Salle,  Que.  He 
will  assist  F.  L.  Shonkwiler  in  the  direc- 
tion of  sales  and  application  engineering 
in  this  field. 

K.  R.  Revill  has  been  appointed  Manager 
of  the  Government  and  Industrial  De- 
partment of  Philco  Corporation  of 
Canada.  J.  A.  Price  has  been  appointed 
Sales  Manager  of  the  .same  department. 


and  T.  I.  Milieu  as  Manager  of  Develop- 
ment and  Engineering. 

Robert  M.  Jackson  has  been  elected 
Chairman  of  the  Board  of  Directors  and 
Chief  Executive  Officer  of  Wallace 
and  Tieman  Inc.  This  follows  the  retire- 
ment of  M.  F.  Tieman  as  Chairman.  Mr. 
Tieman  was  named  Chairman  Emeritus 
and  Robert  T.  Browning  was  elected 
President  to  succeed  Mr.  Jackson. 


EXPANDS 

MGILiïlES 


with  plant  in  Kitchener,  Ontario 


In  recent  years  the  building  of  machines  for  special  pur- 
pose applications  has  kept  us  busy  night  and  day.  Now, 
to  meet  an  ever-increasing  demand  for  heavy  welded  fab- 
rications and  similar  lines,  a new  Division  has  been  added 
to  C.M.C.  facilities. 

This  plant  is  equipped  to  undertake  the  manufacture  of 
bridges,  hydraulic  dam  equipment,  sluice  gates,  cranes, 
autoclaves,  cargo  loaders,  etc.  We  can  also  assist  in  the 
fabrication  of  your  products  if  your  own  facilities  lue 
over-taxeni. 

You  can  get  the  complete  picture  on  C.M.C.  without 
obligation.  Write,  phone  or  visit.  IVc  welcome  your  enquiries. 


C.M.C.  PRODUCTS 
INCLUDE: 

BRIDGES 

CRANES 

HYDRAULIC  GATES 
HOISTS 

TANKS.  PRESSURE 
VESSELS,  AUTOCLAVES 


Frank  H.  Elliot  ha,s  been  api)ointcd 
Icchnical  salc.s  manager  of  the  Indu.strial- 
Medieal  Divi.sion,  Licpiid  Carbouie  Cana- 
dian Corporation  Limited.  Mr.  Elliot 
will  remain  in  the  Vancouver  office' 
where'  lu'  was  forme'ily  re'giemal  serle's 
manage'r  feer  British  Cetlennbia. 


JlfAcmminr 


CORFQRATIONf  LTD. 

GALT  • ONTARIO  • CANADA 
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EIC  CERTIFICATE  OF  ADVERTISING  MERIT 


ATUS  COPCO  EQU! 


Simr^ 


ST.  JOHN'S  NflD.  ♦ Twyso  . S£PT  tUS 
QOteEC  . MOMTREAt ..  VAL  D’OR  ♦ KISK^ 
TtMMlNS  . TORONTO  • SUDBURY  . LAKE! 
WfNNIf»EG  . EDMONTON  • VERNON  • VAf 


SPECIALISTS  IN 


SOIL  SAMPLING: 
Pressure,  Piezometer, 
Percolation  Tests 
CORE  DRILLING 
GROUTING 

Equipment  and  Crews  at 

MONCTON, 
NORANDA, 
YELLOWKNIFE, 
PORT  ARTHUR, 
EDMONTON, 
VANCOUVER 


for  buildings 

docks 

bridges 

tunnels 

wharfs 

industrial  plants 
pavements 
hydro  projects 


61-84. 


Winner  of  the  Monthly  Award  for  the 
best  advertisement  in  tlie  November, 
1961  issue  of  The  Engineering  Journal 
\s'as  Atlas  Copco  Canada  Limited, 
Dorval,  Quebec.  The  advertisement  took 
the  form  of  a horizontal  half  page  3- 
colour  gatefold  insert  on  heavy  stock, 
and  appeared  facing  page  16. 

The  cover  of  the  insert  used  just  three 
words  to  entice  readers  to  open  it  — 
“Atlas  Copco  Introduces”.  Inside  was  a 
cut-away  drawing  of  the  new  DT4  75- 
100  hp  heavy  duty  air-cooled  compres- 
sor. Copy  was  headed  “Round-the-clock 
performance  — heavy  duty  three  shift 
operation”  and  emphasized  the  new  de- 
sign features. 

Each  montli  a different  panel  of  fifty 
Journal  readers  from  across  Canada  is 
asked  to  nominate  an  award-winning 
ad  of  their  choice  from  the  viewpoints  of 
ACCURACY  - INFORMATION  - AT- 
TRACTION. Winners  and  their  advertis- 
ing agencies  receive  a framed  Certificate 
of  Advertising  Merit. 

The  advertising  manager  of  .Atlas  Copco 
Canada  Limited  is  Miss  Jean  Russell. 
The  winning  advertisement  was  pre- 
pared by  the  Montreal  Office  of  F.  H. 
Hayhurst  Co.  Ltd.,  W.  S.  Merrell,  ac- 
count executive. 


ABOVE 


ATLAS  COPCO 
INTRODUCES 


TWO-STAGE  DESIGN,  ol  course,  for  ma»i- 
mum  efficifincji  and  loweal  poastbfe  air 
discharge  temperaiure. 


EFFICIENT  INTERCOOLER  provides  a fully 
aif-cooled  operation,  yat  operating  temperra- 
turns  aro  weü  below  the  best  water-cooled 
single-stagn  machines.  Maximum  air  dis- 
charge temperature  is  300'F, 

ULTRA  SHORT  STROKE  for  unuaueliy 
low  pislob  speeds. 

PRECISION  BALANCED  to  allow  perfectly 
smooth  performance  at  maximurr»  speed. 
The  OT4  and  TT6  can  actuelly  be  instalied 
and  run  supparled  only  on  rubber  feel 
with  no  fouridalion  whatever. 

COMPACT  DESIGN  saves  space. 

LOW-COST  MAINTENANCE  makes  serv- 
icing easier  than  evnr  before.  Worn  parts 
ere  inexpeneive  and  easy  to  replace. 


ROUNO-THE<CLOCK  PERFORMANCE  hcavy  duty,  tmrêe  sHirr  owRATicm 


ATLAS  COPCO  air-cooled  COMPRESSORS  New  daeign.  twe-stnge  air-cooled 
comprassofs  set  new  standards  for  lovj  capital  coal,  efliciency  and  long  tifo.  Annular 
valve  design  has  more  then  proved  itself  m CBnada-  *over  15,000  hours  of  «ninferrupted 
service,  with  no  maint&mace  whatsoever.  • 


JtthmChpco 
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**EVAPOKATIVE  COOLING  OF  CIRCULATING 
WATER. 

Translated  from  the  Russian  revised 
I edition,  this  volume  gives  an  account  of 
i the  theory,  design,  and  use  of  cooling 
1 ponds,  spray  tanks,  and  other  industrial 
; coolers,  utihzing  data  from  Russian 
' workers  in  the  field  and  Soviet  research. 
I The  first  part  of  the  book  deals  with 
the  problems  of  heat  transfer  and  mass 
transfer  in  evaporative  coohng,  and  the 
theory  and  hydraulics  of  coolers.  Part 
two  describes  the  design  of  coolers, 
methods  of  calculations  of  cooling  ca- 
pacity, and  operation  and  maintenance. 
(L.  D.  Berman.  New  York,  Wiley,  1961. 
392p.,  $20.00.) 

“temperature  MEASUREMENT  IN 


sûrement,  organized  by  situations,  and 
the  techniques  most  suitable  for  solving 
them.  The  situations  examined  include 
surface  temperatures,  rapidly  changing 
temperatures,  moving  bodies,  transparent 
bodies,  liquids  and  gases,  low  tempera- 
tures, flame  temperatures,  and  nuclear 
reactor  temperatures.  (H.  D.  Baker  and 
others.  New  York,  Wiley,  1961.  510p., 
$13.00.) 

“ballistic  missile  and  space  vehicle 
SYSTEMS. 

The  disciplines  involved  in  the  de- 
velopment of  a ballistic  missile  or  space 
vehicle  system  are  covered  from  an 
engineering  viewpoint.  The  fundamental 
laws  of  propulsion,  structures,  trajec- 
tories, guidance  and  control  are  pre- 
sented, and  many  of  the  interface  prob- 
lems which  result  when  two  or  more  of 


“fatigue  TESTING  AND  ANALYSIS  OF 
RESULTS. 

After  an  introductory  chapter  on  sym- 
bols and  nomenclature,  fatigue  testing 
methods  are  fuUy  described.  Fatigue 
testing  machines  and  equipment  are 
then  discussed,  and  include  chapters 
covering  instruments  and  measuring  de- 
vices, the  design,  preparation,  measure- 
ment, and  protection  of  test  pieces,  fac- 
tors affecting  test  results,  planning  of 
test  programs,  and  presentation  and 
analysis  of  results.  (W.  Weibull.  New 
York,  Pergamon,  1961.  305p.,  $15.00.) 

gears:  spur,  helical,  bevel  and  worm, 
2nd.  ed. 

Although  called  a second  edition,  this 
volume  appears  to  have  been  produced 
by  photo-offset,  and  any  changes  seem 
to  consist  of  brief  additions  at  the  ends 


engineering,  volume  II. 

The  first  part  of  this  volume  is  de- 
voted to  a systematic  development  of  re- 
sistance-thermometry and  radiation- 
thermometry  techniques.  The  second 
part  offers  a detailed  treatment  of 
specific  problems  of  temperature  mea- 


the  subsystems  interact  are  stated.  The 
engineering  design  principles  of  each 
subsystem  are  discussed,  and  a survey  of 
vehicle  reentry  stabilization  and  of 
vehicle  support  systems  is  presented. 
(H.  S.  Seifert  and  Kenneth  Brown.  New 
York,  Wiley,  1961.  526p.,  $12.00.) 


of  chapters. 

This  well-known  book  covers  the  vari- 
ous types  of  gears  in  great  detail,  and 
includes  many  illustrations  and  diagrams. 
(P.  S.  Houghton.  London,  Technical 
Press,  1961.  390p.,  63/-.) 

(Continued  on  page  104) 


OMPRESSED  AIR  POWER 


at  the 


LOWEST 


POSSIBLE 


COST 


"BROOMWADE"  V.500 


Here  is  the  compressor  that  contractors  have 
always  wanted  — an  easily  transportable  skid- 
nioiintcd  set,  weighing  approximately  .‘i  tons,  com- 
plete with  radiator  cooling. 

On  large  contracts,  where  a 50  or  60  cycle 
electric  supply  is  available,  this  specially  designed 
compressor,  type  V.500,  provides  AIR  I’OWl'R 
y\T  HIE  LOWEST  POSSIBLE  COST. 


The  90  degree  ‘V”  arrangement  of  the  cylinders 
gives  perfect  running  balance  with  an  absolute 
minimum  of  vibration. 

A highly  sensitive  regulator  operates  within  1 lb. 
per  sq.  in.  anil  constantly  maintains  full  working 
pressure  under  all  variations  of  load. 

I'or  economy  and  efficiency  this  is  the  finest 
of  its  kind  now  on  offer. 


Write  lor  lull  details 

Air  Compressors  and  Pnoumatic  Tools 
YOUR  BEST  INVESTMENT 


1 he  capacity  of  the  \ .500  is  525  c.f.m.  of  fiee 
air  at  100  p.s.i. 

The  A " range  comprises  compressors  with  out- 
puts from  .150  -1.000  cu.  ft.  of  free  air  delivered 
per  minute  at  the  normal  woiking  pic.ssure  of 
100  p.s.i. 


NEWFOUNDLAND  & 
LABRADOR; 

DOMINION  MACHINERY 
& EQUIPMENT 
CO.  LTD., 

56  New  Gower  Street, 
St.  John's,  NfId. 


QUEBEC; 

LAURIE  & LAMB  LTD., 
637  Craig  St.  West, 
Montreal,  Quebec. 
UNITED  CONTINENTAL 
ENGINES  LTD., 

100  Fort  Royal  East, 
Montreal  12,  Quebec. 
STEPHENS  EQUIPMENT 
LTD., 

292  Decarie  Blvd., 

Ville  St.  Laurent, 
Montreal  9,  Quebec. 


ONTARIO; 

LAURIE  & LAMB  LTD., 

2 College  Street, 
Toronto,  Ontario. 
RAY-GORDON  LIMITED, 
1385  Bloor  Street  W., 
Toronto,  Ontario. 

R.  A.  WARREN 
EQUIPMENT  LTD. 

1315  Hammond  Street, 
North  Bay,  Ontario. 
HUGGARD  EQUIPMENT 
LTD., 

1010  Memorial  Avenue, 
Port  Arthur,  Ontario. 


NOVA  SCOTIA: 
INDUSTRIAL  SUPPLIES 
LTD., 

P.O.  Box  862, 

133  Upper  Water  St., 
Halifax,  Nova  Scotia. 

MANITOBA: 

HUGGARD  EQUIPMENT 
LTD., 

1395  Whyte  Avenue, 
Winnipeg  3,  Manitoba 


SASKATCHEWAN: 
WESTERN  CQUIPMFNT 
LTD.. 

1630,  St  .'ahn  St  • ' 
Regina  S.’Aat-  ■ 


ALBERTA: 

PACIFIC  TRACTOR  & 
EQUIPMENT  LTD., 

1 43  - 42118  Avenue  S. E., 
C.ilgary,  Alberta. 


PACIFIC  TRACTOR  & 
EQUIPMENT  LTD., 
9810  ■ 62nd  Avenue, 
Edmonton,  Alberta. 


BRITISH  COLUMBIA: 
B.C.  EQUIPMENT 
CO.  LTD,, 

551  Howe  Street, 
Vancouver  I,  B.C. 


PACIFIC  TRACTOR  i 
EQUIPMENT  LTD., 
505  Railway  Street, 
Vancouver  4,  B.C. 


NEW  BRUNSWICK 

GILL  A COMPANY  LTD., 
93  Bridge  Street, 

Saint  John,  N.B. 


Western  eqc'  • ■■ 

; TP 

502  ■ a;:  ' ’ 


CANADIAN  BROOMWADE  LIMITED,  BOX  488,  ADELAIDE  POST  OFFICE,  TORONTO  1,  ONTARIO.  Telephone  CRescenl  4-3441 
Issued  by:  BROOM  & WADE  LTD.,  High  Wycombe,  England.  Subsidiary  Companies  and  Distributors  throughout  the  World 
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IDB 

financing 
for  more 
Canadian 
businesses 


The  Industrial  Development  Bank  helps  finance 
small  and  medium-size  Canadian  businesses — of 
almost  every  type — where  required  financing  is 
not  available  elsewhere  on  reasonable  terms  and 
conditions. 

More  and  more  businesses  are  making  use  of 
the  financial  services  of  I.D.B.  During  its  1961 
fiscal  year,  I.D.B.  made  84%  more  term  loans 
than  in  1960. 

For  information  about  the  Industrial  Develop- 
ment Bank,  enquire  at  the  nearest  branch  office, 
or  write  for  a descriptive  booklet.  Ask,  too,  for  a 
copy  of  the  1961  Annual  Report. 


INDUSTRIAL  DEVELOPMENT  BANK 

Regional  Offices:  ST.  JOHN'S,  Nfld.  . HALIFAX,  N.S.  • SAINT 
JOHN,  N.B.  . QUEBEC,  MONTREAL,  P.Q.  . OTTAWA,  TORONTO 
HAMILTON,  LONDON,  SUDBURY,  PORT  ARTHUR,  Ont.  . WINNIPEG , Man  . 
REGINA  Sask.  . CALGARY,  EDMONTON,  Alta.  . VANCOUVER,  B.C. 


(Continued  from  page  103)  n 

MAGNETIC  MATERIALS,  3rd.  cd.  f 

Enlarged,  revised  and  partly  rewritten,  this  edition  has  f 
been  converted  to  the  rationalized  m.k.s.  system  of  units, 
and  contains  new  information  on  domain  theory  and  per-  $ 
manent  magnetism,  and  a new  chapter  on  ferrites.  The  * 
bibliographies  have  also  been  brought  up-to-date.  This  is  1 
a volume  in  the  publisher’s  series  of  monographs  on  physi-  ï 
cal  subjects.  (F.  Brailsford.  London,  Methuen,  190.  188p.  1 
18/-.)  I 

^SEVENTH  NATIONAL  SYMPOSIUM  ON  VACUUM 

TECHNOLOGY,  1960.  TRANSACTIONS.  Ji 

Over  seventy  papers  are  presented  in  this  volume,  which  ft 
constitutes  the  proceedings  of  the  Seventh  National  Sym-  Jj 
posium  of  the  American  Vacuum  Society.  They  cover  such  ® 
areas  as  vacuum  system  components,  vacuum  measuring  S 
techniques,  the  apparatus  and  techniques  of  pressure  mea-  Î 
surements,  industrial  and  metallurgical  applications  of 
vacuum,  vacuum  systems,  their  films,  pumping  mechanisms, 
and  partial  pressure  measuring  deviees.  (Ed.  by  C.  R.  v 
Meissner.  New  York,  Pergamon,  1961.  427p.,  $20.00.)  ^ 

ARCHITECTURAL  AND  BUILDING  CATALOGUE.  ^ 

The  catalogues  of  some  fifty  Canadian  companies  ’ 
manufacturing  building  products,  arranged  according  to  tlie 
AIA/RAIC  standard  filing  system.  A classified  list  of  pro-  ■ 
ducts  and  their  manufacturers  is  included,  and  an  alpha-  ' 
betical  list  of  manufacturers,  their  addresses,  agents  and  • 
distributors.  These  latter  include  many  companies  whose  i 
catalogues  have  not  been  included  in  the  volume.  (Mon-  1 

treal,  Wallace,  1961.  $10.00.)  'I 


"radio  waves  in  THE  IONOSPHERE.  i 

Based  on  annual  lectures  at  the  University  of  Cam- , 
bridge.  Dr.  Budden’s  book  is  an  advanced  exposition  of 
the  mathematical  basis  of  the  theory  of  propagation  of 
radio  waves  in  an  horizontally  stratified  ionosphere.  The/ 
first  half  of  tlie  book  deals  with  the  “ray  theory”  — homo-  . 
geneous  ionized  media  and  the  reflection  of  high  frequency/: 
radio  waves  at  vertical  and  oblique  incidence.  The  second  s 
half  deals  with  the  “full  wave  theory”  — which  is  used 
when  the  ray  theory  fails;  in  the  reflection  of  radio  waves 
of  very  low  frequency.  To  isolate  fundamental  methods  as  = 
clearly  as  possible,  the  author  excludes  some  important 
topics  which  deal  with  variables  in  practice,  but  do  not  ; 
alter  fundamentals  — such  as  recent  investigations  into  ; 
horizontal  variations  and  irregularities  in  the  ionsphere, 
reflection  and  scattering  of  radio  waves  from  meteor  trails,® 
and  the  mode  theory  of  propagation.  (K.  G.  Budden.  j 
Toronto,  Macmillan,  1961.  .542p.,  $16.50.)  ^ 


COMMENTARY  ON  PLASTIC  DESIGN  IN  STEEL.  J 

Written  by  a Joint  Committee  of  the  Welding  Research^ 
Council  and  the  American  Society  of  Civil  Engineers,  this  ' 
Manual  outlines  the  applicability  of  plastic  analysis  to  the 
design  of  structural  steel  beams  and  frames,  presenting  . 
both  the  theory  and  some  of  the  design  problems.  The  : 
chapters  cover  basic  principles;  analysis  and  design;  general  ■ 
provisions;  the  verification  of  plastic  theory;  design  con-^ 
sidérations;  compression  members;  connections;  deflections. 

A valuable  eleven  page  bibliography  is  included.  (New 
York,  A.S.C.E.,  1961.  173p.,  $7.00.  A.S.C.E.  Manual  41.)  , j 

l’essai  des  METAUX.  >" 

An  introduction  to  metals  testing,  intended  primarily* 
for  factory  technicians  and  students,  this  text  covers  all  ft 
types  of  testing.  The  first  section  deals  with  mechanical® 
characteristics,  tensile  tests,  and  tests  for  creep,  compres-g 
sion,  bending  torsion;  shock  testing,  strength  and  fatiguell 
tests.  The  second  part  of  the  book  covers  macrographic,ï 
micrographie  and  radiological  tests,  and  the  last  section^ 
describes  non-destructive  testing.  The  volume  is  translatedjJ 
from  the  German.  (P.  Riebensahm  and  P.  W.  Schmidt.B 
Paris,  Dunod,  1961.  104p.,  16  NF.)  jl 
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LA  TREMPE  SUPERFICIELLE  AU  CHALUMEAU 
OXY-ACETYLENIQUE. 

I A detailed  coverage  of  the  surface  hardening  of  metals 
I by  means  of  an  oxy-acetylene  pipe,  commencing  with  a 
I general  discussion  on  the  various  processes  for  hardening 
metals,  the  choice  of  process,  and  the  heat  treatment  of 

I steel.  The  characteristics  of  the  oxy-acetylene  flame  are 
noted,  and  the  technique  of  hardening  by  this  method,  the 
materials  used  and  the  results.  Two  final  chapters  cover 
industrial  appHcations.  There  is  a useful  bibliography. 
i(M.  Vilez.  Paris,  Dunod,  1961.  160p.,  25  NF.) 

LE  NOYAU  ATOMIQUE. 

! Translated  from  the  195.5  U.S.  edition,  this  is  both 
a graduate  text,  and  a reference  book  in  fundamental 
; nuclear  physics.  In  considering  each  topic,  the  discussion 
: begins  at  an  introductory  level,  proceeding  gradually  to 
’ an  advanced  description  of  current  research.  The  topics 
covered  include  nuclear  and  atomic  masses;  nuclear 
moments;  the  effects  of  nuclear  moments,  parity  and 
i statistics;  isotopic  abundance  ratios;  systematics  of  stable 
; nuclei;  forces  between  nucleons;  nuclear  models;  conserva- 
tion laws  for  nuclear  reactions;  energy  dependence  of 
nuclear-reaction  cross  sections;  radioactive  series  decay; 

(alpha-  and  beta-ray  spectra.  The  author  is  a professor  of 
physics  at  M.I.T.  (R.  D.  Evans.  Paris,  Dunod,  1961.  752p., 
I 84  NF.) 


I LES  TRANSMISSIONS  PAR 
I CHAINES  A ROULEAUX. 

f . This  discussion  of  roller  chain  drives  is  intended  for 
I both  practising  engineers  and  students.  It  covers  the  theory 
I and  practical  considerations  for  choosing  a chain  drive,  and 
( compares  different  transmissions.  Mounting  and  servicing 
! are  also  considered,  as  are  wheels  and  pinions.  Much  of 
' the  information  is  given  in  tabular  form,  and  nomograms 
Bare  also  included.  (P.  Kuntzmann.  Paris,  Dunod,  1961. 
)Î22()p.,  42  NF.) 

I FLUID  MECHANICS. 

l|  Intended  for  an  introductory  course  in  fluid  mechanics, 
^ 1 this  volume  emphasizes  the  concepts  and  principles  of 
I , fluid  motion  common  to  applications  in  all  branches  of 
t i engineering.  The  book  commences  with  a discussion  of 
\ I fluid  statics,  kinematics,  and  dynamics.  Following  chapters 
t cover  fluid  viscosity,  dimensional  analysis,  the  flow  of 
M incompressible  fluids  in  closed  conduits,  fluid  compress- 
H ibility  and  compressible  flow,  fluid  flow  around  immersed 
ij  liodies,  dynamic  lift,  and  the  flow  of  fluids  in  open  chan- 
I ncls.  (R.  H.  F.  Pao.  New  York,  Wiley,  1961.  .502p.,  $7..50.) 

Ij  QIIALITY  ASSESSEMENT  OF  PETROLEUM  PRODUCTS, 
j Intended  as  an  introduction  to  the  interpretation  of 
S|.s()inc  of  the  more  imixirtant  te.sts  applied  to  crude  oil  and 
(its  main  products,  this  book  is  really  a suiiplcmcnt  to  the 
Jlj  compilations  of  Petroleum  Products  .Standards  issued  by 
jHh('  Institute  of  Petroleum  and  tlic  A.S.T.M.  The  various 

Ijchaptc'rs,  written  by  experts,  cover  crude  oil;  pdrolcum 
I gases;  petroleum  .solvents;  motor  gasoline;  aviation  fuels; 
MÜe.sel  fuels;  burning  oil;  fuel  oils;  lubricants;  wax  and 
If  petrolatum;  and  bitumi'u.  Ribliographics  are  inchuh'd  in 
jnnost  chapters.  (Ed.  by  (Jeorge  Sell.  London,  Institute  of 
)|l’etroleum,  1961.  12.3p.,  15/-.) 


i| 

i MATHEMATICAL  PHOCRAMMINI;. 

The  aiitlior  who  works  at  the  British  .Admiralty  Re- 
search Laboratory,  is  well-known  for  his  books  on  the 
! subject  of  matlu'inatical  and  liiu-ar  prograuuuing.  This 
i'jtext,  iuteuded  as  a graduate'  text,  proxidi'S  an  iutroduetiou 
I to  linear  and  non-linear  prograuuuing,  ('inphasi/.iug  the 
j I matlieiuatieal  asireets.  In  addition  te)  outlining  tin-  basic 
fj  theory,  tlu'  author  also  eoxa-rs  ge'iu'ial  and  spei'ial  algorithms, 
I j tile  applications  of  programming,  and  more  siieeiiie'  to)ues 
jJsueh  as  i>arametrie  linear  programming,  dise-rete  linear 
( j programming,  and  stoehastie  liiu'ar  programming.  Problems 
(land  their  solutions  are  included,  and  there'  is  a nse'fnl 
Il  bibliograiihv.  (.S,  A'ajela.  Re'aeling,  .Aelelison-We'sle'v . 1961. 
n IIOi>.,  $«..51).) 

! 


No  shower  today,  Sheila! 


Why?  Because  roots  completely 
plugged  the  drains  from  your 
house  and  the  water  won't  run 
away  until  a costly,  messy  replace- 
ment job  is  completed. 

If  your  builder  had  used  Plain  End 
Vitrified  Clay  Pipe  and  Root-Proof 
Couplings,  you'd  have  been  sure 
of  trouble  free  house  drains  for- 
ever. Roots  could  not  have  pene- 
trated these  Couplings  to  plug  the 
drain.  Plain  End  Vitrified  Clay  Pipe, 
Fittings  and  Couplings  are  root- 
proof,  by  actual  test. 

Plain  End  Pipe  from  4 " to  21'' 

NATIONAL  SEWER  PIPE 

LIMITED 

SALES  OFFICE-P.O.  BOX  18,  OAKVILLE.  ONTARIO 
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Consulting  Services 


Üldwm 


LIMITED, 


BURLINGTON.  ONTARIO 

Specializing  in  water  treatment,  petroleum 
inhibitors,  fuel  catalysts,  papermaking  chemicals 
and  allied  metallographic,  microbiological 
and  other  services. 


ASSOCIATED  ENGINEERING  SERVICES  LTD. 

Consulting  Engineers 


MUNICIPAL 


SANITARY 


INDUSTRIAL 


STRUCTURAL 


u'Cr-j)  Surveys,  Town  Planning,  Reports,  Supervision 

REGINA  EDMONTON  VANCOUVER 

1233  Winnipeg  St.  12225-105  Avenue  2256  West  12th  Avenue 


BEAUCHEMIN  - BEATON  - LAPOINTE 


CONSULTING  ENGINEERS 

Reports  • Estimates  • Design  • Construction  Supervision 
for  public  works,  municipalities,  and  industry 


6655  COTE  DES  NEIGES  ROAD  MONTREAL  26,  CANADA 

©REgent  1-8521 


CANADIAN  BRITISH  ENGINEERING 
CONSULTANTS 

Water  Supply  and  Purification 
Sewerage  and  Sewage  Disposal 
Treatment  of  Industrial  Wastes 
Harbour  and  Rivers  Engineering 

Toronto  19,  Ont.  Ottavra.  Ont.  Halifax,  N.S. 

3089  Bathurst  St.  46  Elgin  St.  513  Barrington  St. 

St.  John's  Nfld. 

191  Water  St. 


C.  D.  CARRUTHERS  & WALLACE, 
CONSULTANTS  LIMITED 

92  YorkvUle  Avenue 
Toronto  5 

(Consulting  Structural  Engineers 


COODE,  BINNIE  & PREECE 

Consulting  Civil  Electrical  & 
Mechanical  Engineers 

Reports,  Designs,  Supervision,  Docks  5.  Harbours: 
Bridges:  Water  Supply  6,  Drainage:  Flood  Protection  & 
Irrigation:  Sewerage  Schemes:  Hydro-Electric  & 
Thermal  Power. 

36  Roxborough  Apartments,  Ottawa  4,  Ontario 

Telephone:  Central  4-4674 


CRIPPEN  WRIGHT  ENGINEERING  LTD. 

Engineering  Consultants 

Investigations,  Designs,  Supervision 
Hydro  Electric  Developments,  Water  Supply  Projects 
Industrial  Structures,  Bridges,  Dams,  Electric  Power 
PHOTOGRAMMETRIC  and  AERIAL  SURVEYS 

207  West  Hastings  Street  Vancouver,  Canada 


EDGAR  A.  CROSS  & ASSOCIATES 

Consulting  Engineers 

Q INDUSTRIAL  PLANT  DESIGN 

2510  YONGE  STREET,  TORONTO  HU.  1-1139 


Dilworth  Secord  Meagher  & Assoc. 

UMITED 

Consulting  Engineers 

SPECIAL  MACHINERY  & EQUIPMENT,  CONTROLS, 
RESEARCH  FACILITY  PLANNING,  TURBO  MACHINERY, 
NUCLEAR  ENGINEERING,  AIR  POLLUTION. 

Analyses  • Experimentation  • Design  . Supervision 
4214  DUNDAS  ST.  W.  (tOJ)  TORONTO  18,  ONTARIO 


V.  DOLMAGE  & D.  D.  CAMPBELL 

Engineering  and  Mining  Geologists 
Foundations,  tunnels,  dam  sites,  ground  water 
and  mining. 


1119  Marine  Bldg. 


Vancouver,  B.C. 


Telephone;  MUtual  5-9736 
5-0936 


J.  T.  DONALD  & CO.  LIMITED 

CHEMICAL  AND  ENGINEERING  SERVICES 
ANALYSTS  and  ASSAYERS 

1181  GUY  STREET,  MONTREAL,  QUE. 


ENGINEERING  SERVICES  LIMITED 
CONSULTANTS 

Water  Supply  and  Treatment 
Sewerage  and  Sewage  Treatment 
Municipal  Engineering 

SURVEYS  • REPORTS  • DESIGN 
Construction  Supervision 

P.O.  Box  564  Phone  94223 

169  Elizabeth  Ave.,  St.  John's,  Newfoundland 
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Consulting  Services 


RACEY,  MacCALLUM  and  ASSOCIATES 

LIMITED 

A company  owned  and  operated  by 

CONSULTING  ENGINEERS 

Civil,  EUectrical,  Mechanical 
Metallurgical,  Soils 
Engineering 


MONTREAL 


TORONTO 


OTTAWA 


RIPLEY,  KLOHN  & LEONOFF  LTD. 

Consulting  Engineers 

SOIL  MECHANICS  AND 
FOUNDATIONS 

1930  WEST  BROADWAY  VANCOUVER  9,  B.C. 


S.  E.  M.  PROSPECTING  LIMITED 

Depth  to  bedrock  determination  by  the 

SEISMIC  REFRACTION  METHOD 

for 

Dam  and  Power  Station  locations:  Rock  Tunnels: 
Harbour  Constructions  and  Canals:  Larger 
Building  Sites,  etc.,  etc. 

506  St.  Catherine  Street  E.,  Montreal  24 
Phone:  Victor  9-9252 


Stadler,  Hurter 

& Company 

CONSULTING  ENGINEERS 

Municipal,  Commercial,  Industrial, 
Process  and  Power,  Engineering  ^ 
and  Design. 

1501  St.  Catherine  Street  West,  Montreal 

NEW  YORK  • MEXICO  CITY  • PARIS  • ZURICH 


STOCK,  KEITH  & ASSOCIATES 


Architecture  and  Engineering 
Foundation  Investigation  and  Design 
Industrial  & Structural  Engineering 
Roads,  Irrigation  & Drainage 
Legal  Surveys 

766  Angus  Street,  REGINA,  SASK. 
Telephone  lOrdan  3-0626 


SWAN,  WOOSTER  ENGINEERING  CO.  LTD. 

CONSULTING  ENGINEERS 

HARBOUR  WORKS  • INDUSTRIAL  PLANTS  • BRIDGES 
HYDRO-ELECTRIC  • STRUCTURAL  DESIGN 
Surveys  * Reports  • Design  • Supervision 

1334  W.  Pander  St.  520  S.W.  Yamhill  St.,  1685  Third  Avo., 
Vancouver  5,  B.C.  Portland  4,  Oregon.  Prince  George,  B.C. 


B.  B.  TORCHINSKY  & ASSOCIATES  LTD. 

PROFESSIONAL  CONSULTING  ENGINEERS 

• Foundation  Site  Investigations  • Highway  Design  & Inspection 

• Materials  Testing  Laboratory  • Asphalt  Mix  Designs 

• Concrete  Testing  & Inspection 
Drilling  Rigs  Located  Throughout  Western  Canada 

HEAD  OFFICE 

SASKATOON,  SASKATCHEWAN 
121  - lOSth  ST.  EAST 

REGINA  EDMONTON  WINNIPEG 


VANCE,  NEEDLES,  BERGENDOFF  & SMITH,  LTD. 

CONSULTING  ENGINEERS 

EXPRESSWAYS  • BRIDGES  • AIRPORTS 

Location  and  Cost  Studies,  Designs,  Plans,  Specifications 
Supervision  of  Construction 

35  SPRINGBANK  AVE.  WOODSTOCK,  ONTARIO 


W.  L.  WARDROP  & ASSOCIATES 

(Management)  Ltd. 

ENGINEERING  CONSULTANTS 

Design  and  Inspectional  Services  for 
Municipal,  Structural,  Mechanical 
and  Electrical  Engineering  Projects. 

456  Notre  Dame  Avenue,  47  N.  Cumberland  Street, 

Winnipeg  2,  Manitoba.  Port  Arthur,  Ontario 


THE  WARNOCK  HERSEY  COMPANY  LTD. 

Consulting,  Inspection,  Expediting, 
Testing. 

Mechanical,  Electrical,  Civil  Inspections  • Soil  Mechanict 
and  Site  Investigations  • Chemical  and  Physical  Teats  • 
X'Ray  and  Ultrasonic  Examinations  • Research  • Industrial 
Appraisals  and  Surveys  e Expediting. 

Head  Office:  128  ElmsUe  Street,  Montreal  32,  P.Q. 

Branch  offices:  SI.  John's,  Nfld.,  Sydney,  Halifax,  Trenton, 
N.S.,  Saint  John,  N.B.,  Montreal,  Ottawa,  Peterborough, 
Toronto,  Hamilton,  London,  Windsor,  Sault  Ste.  Marie, 
Winnipeg,  Regina,  Edmonton,  Vancouver. 


WIGGS,  WALFORD,  FROST  & 
^ LINDSAY 


Consulting  Engineers 


INDUSTRIAL  SURVEYS,  REPORTS  AND  APPRAISALS 
CIVIL,  ELECTRICAL  AND  MECHANICAL  ENGINEERING 
DESIGNS,  SPECIFICATIONS  AND  SUPERVISION 


TORONTO  MONTREAL  OTTAWA 

Hudson  1-6496  HUnter  1-7741  CEntral  6-5371 


WOOD,  McADAM  & MAGOR 

Consulting  Engineers 

STRUCTURAL  - MECHANICAL  - ELECTRICAL 
DESIGNS,  SPECIFICATIONS  and  SUPERVISION 

4444  SHERBROOKE  ST.  WESTMOUNT,  P.Q. 
WE:  5-8587-8588 
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Moving  Requirements 
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Tallest  Building 
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Montreal’s  Canadian  Imperial 
Bank  of  Commerce  building,  upon 
completion  in  1962,  becomes  (at 
604  feet)  the  Commonwealth’s 
tallest  building. 

Designed  to  house  over  3000  em- 
ployees, its  43  stories  will  contain 
approximately  Vi  million  sq.  ft.  of 
office  space  in  the  heart  of  Mon- 
treal’s fastest-growing  business 
district. 

To  meet  the  continual  require- 
ments of  these  thousands  of  occu- 
pants and  visitors  for  conditioned 
air,  a variety  of  "Canadian  Buffalo” 
fans,  in  a range  of  models,  sizes 
and  capacities,  has  been  selected 
and  installed.  In  addition,  all  major 
water  systems  will  be  serviced  by 
"Canadian  Buffalo”  pumps. 

Of  prime  importance  in  the  choice 
of  this  equipment  was  a proved 
ability  to  move  air  and  liquids 
quietly,  reliably,  and  at  peak  effi- 
ciencies . . . the  same  reasons  "Ca- 
nadian Buffalo”  is  so  frequently 
found  in  other  major  installations 
throughout  the  Dominion. 

Our  engineering  representatives 
will  be  glad  to  help  you  with  your 
air  and  liquid  moving  problems. 
Simply  contact  the  "Canadian 
Buffalo”  man  in  your  area.  Or, 
write  direct. 


General  Contractor — Perini  Ltd. — Quebec 

Mechanical  Contractai English  and  Mould  Ltd.  — Montreal,  Quebec 

Consulting  Engineer — G.  Granek  and  Associates — Montreal,  Quebec 
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Canadian  Buffalo  Air  Handling  Equipment  to  move, 
heat,  cool,  dehumidify  ond  clean  air  and  other  gases. 


Canadian  Buffalo  ' Machine  Tooisfor  pro- 
duction drilling  and  plant  maintenonce. 


Canadian  Buffalo  Centrifugal  Pumps  to  handle  j 
most  liquids  and  slurries  under  a variety  of  conditions. 


THE  ENGINEERING  JOURNAL  lîig  MARCH,  1962 


IN  THIS  ISSUE 


1 


! The  Rogers  Pass  section  of  the  Trans  Canada  Highway  is 
j threatened  by  numerous  avalanches  which  are  mainly  the 
result  of  the  heavy  amount  of  snowfall  and  the  steep,  long 
mountainsides.  In  1953,  at  the  same  time  when  the  high- 
way was  first  studied,  an  avalanche  survey  was  organized 
to  obtain  information  required  for  the  formulation  of  an 
; avalanche  defence  plan,  for  the  design  of  avalanche  defence 
.structures  and  for  the  future  avalanche  warning  service. 
In  his  paper  entitled,  “The  Planning  of  Avalanche  Defence 
at  Rogers  Pass”,  P.  A.  Schaerer,  m.e.i.c.,  of  the  Snow  and 
Ice  Section,  Division  of  Building  Research,  National  Re- 
search Council,  Ottawa,  de.scribes  the  observations  that 
were  made  and  how  they  were  used  for  the  formulation 
of  an  avalanche  defence  plan.  The  various  possible  defence 
methods  are  discussed  and  the  defence  chosen  for  Rogers 
Pass  is  outlined. 

When  designing  the  Beechwood  hydro  electric  power  sta- 
tion on  the  St.  John  River,  it  was  imperative  that  adequate 
fish  handling  facilities  be  provided  to  transfer  fi.sh  from 
below  the  dam  up  to  the  forebay  of  the  development. 
The  elevator  fish  hoist  .selected  for  this  purpose  was  de- 
veloped in  close  co-operation  with  the  Department  of 
Fi.sheries  and  realized  substantial  economies  in  construc- 
tion over  the  alternative  facilities  considered  for  the  site. 
In  his  paper,  “The  Beechwood  Fish  Hoist”,  J.  D.  Denovan, 
M.E.I.C.,  the  Assistant  Office  Engineer,  Civil  Division,  at 
Shawinigan  Engineering  Company  Limited,  describes  the 
i general  conditions  affecting  the  .selection  of  facilities  and 
the  factors  establi.shing  the  criteria  for  design.  The  paper 
do.scribcs  the  fi.sh  handling  facilities,  in  particular  the  fi.sh 
hoists,  which  were  installed  at  the  Beechwood  Develop- 
ment, and  relates  some  of  the  operating  experience;  since 
tlu'.sc  facilities  were  placed  in  service;.  Moelifications  to  tlic 
facilities  residting  froiu  this  ope'rating  experience  are  also 
considcreel. 

'I'lirust  bearings  eompo.se'd  of  flat  parallel  surfaees  can 
operate;  under  Iluiel  film  conditions  by  the;  lonnation  of  a 
‘thermal  w<;dge’.  John  Young,  Assistant  I'rofessor,  Depart- 
ment of  Me’chauical  Engineering  at  tlie  University  of 
British  Columbia,  in  his  paper,  “The  Thermal  Wedge  F.ffecI 
in  Hydrodynamie  Ltdnication”  .solves  in  three  ways  the 
geiK'ral  Reynolels  e(|nation  and  the  eiungy  e(|nation  wliieli 
govern  tiu;  tlu'rmal  wedge  mee'lianism,  illustrating  iho 
elleet  ol  e'crtain  initial  assumptions  in  the  analysis.  TIk' 
experimental  results  presented  are  shown  to  be  in  lair 
agreement  with  derived  enrx'es,  showing  that  while  Ihe 
ihermal  wedge  does  exist,  and  is  ai)prei'iable  at  low  loads 


and  high  .speeds,  it  cannot  be  depended  upon  to  provide 
a load-carrying  film  in  normal  lubrication  practice. 

Dr.  B.  G.  Ballard,  Hon.  m.e.i.c.,  Vice-President  (Scientific) 
and  Director,  Radio  and  Electrical  Engineering  Division, 
National  Research  Council,  Ottawa,  states  in  his  paper 
entitled,  “A  Research  Viewpoint  on  Engineering  Education” 
that  Canadian  engineers  have  served  Canada  well  in  the 
development  of  her  primary  industries.  Some  engineers 
came  to  Canada  from  Europe  and  the  United  States,  but 
Canadian  universities  very  early  initiated  engineering 
training,  and  many  of  the  men  who  contributed  so  much 
to  Canada’s  growth  were  born  and  trained  in  Canada. 
The  pattern  has  changed  in  recent  years.  Canada  emerged 
from  colonial  status  and  became  an  industrial  nation  in 
a highly  competitive  world.  The  future  demands  men  w'iüi 
new  ideas,  men  who  are  imaginative  enough  and  creatixe 
enough  to  make  the  be.st  use  of  our  resources.  They  must 
have  adequate  training  and  encouragement  to  develop 
their  creatix'e  talents,  and  these  requirements  delineate 
the  role  of  the  universities. 

Universities  can  no  longer  be  content  only  to  impart 
to  students  the  accumulated  knowledge  of  the  past.  They 
must  lead  the  way  in  creating  new  design  techniques  and 
new  processes.  Research  must  be  looked  upon  as  an 
es.sential  element  of  university  life  rather  tlian  as  an 
extra-curricular  luxury  financed  hy  some  benevolent  or- 
ganization. We  need  schools  to  impart  knowledge  of  the 
jiast,  but  we  need  universities  to  develop  knowledge  of 
the  future. 

“Recent  Developments  in  Automatic  Electrode  Boilers” 
is  the  title  of  a paper  by  M.  Eaton,  m.e.i.c..  Consulting 
Engineer  of  Shawinigan,  Que.  .A  main  object  of  the  de- 
velopment discussed  in  this  paper,  xvas  to  produce  an 
electrode  boiler  well  suited  to  the  u.se  of  off-peak  hxdro- 
electric  power.  For  this  application  essential  requirements 
are:  (I)  operation  at  any  distribution  xoltage  from  2.2  kv  to 
13.2  k\',  thus  obviating  the  necessity  tor  power  trans- 
loiiners  to  serxe  the  boiler  only,  unless  separate  boiler 
transformers  are  reiiuireil  tor  other  reasons;  (2)  a loail 
rang!'  of  from  luai'tiealK'  no  load  to  full  load,  and;  (3) 
stabU'  ;uid  precise  automatic  lontrol  which  will  function 
to  maintain  a I’onstaiit  loail  on  a system  of  which  the 
boiler  load  is  p;ut.  It  follows  that  a boiler  xxith  these 
charar-tcristics  may  also  he  used  .is  a source  of  steam  at 
i'onsl;mt  pressure  with  the  load  control  iipparatus  fimc- 
lioning  to  maintain  a prcdi-tcrmincil  maximum  boiler  loail. 
This  paper  inehuh's  ;i  stndx  ol  elertrii'.il  I'haraeti'risties  on 
which  the  boiler  design  is  b.ised. 


COVKU  IM-l'SrUATlON 


Shown  is  an  avalanche  site  Cheops  \o.  I tvith  earth  mounds  in  the  terminus,  ihis  photograph  teas  taken 
hy  Bruno  Engler  and  is  used  with  the  permission  of  the  Federal  Department  of  Puhlie  Works. 
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Planning 

AVALANCHE  DEFENCE 

For  The  Trans-Canada  Highway 

AT  ROGERS  PASS,  B.C. 

P.  A.  Schaerer 

Former  Research  Officer,  Snow  and  Ice  Section,  Division  of  Building 
Research,  National  Research  Council,  Ottawa 


rHE  SELKIRK  Mountain  range  in 
the  interior  of  British  Columbia 
one  of  the  major  obstacles  to  be 
rossed  by  the  Trans-Canada  High- 
way. Various  routes  through  this 
inge  have  been  investigated;  that 
irough  Rogers  Pass  was  selected^ 
he  pass  lies  between  the  towns  of 
iolden  and  Revelstoke  in  Glacier 
lational  Park  and  was  chosen  by  the 
Canadian  Pacific  Railway  as  the  route 


for  the  first  railway  link  between 
Eastern  Canada  and  the  Pacific  Coast. 
It  was  in  use  from  1885  until  1916 
when  the  Connaught  tunnel  was  built 
and  the  railway  line  through  the  Pass 
was  abandoned. 

It  was  known  that  avalanches 
would  be  one  of  the  major  problems 
for  any  road  built  through  the  Sel- 
kirk range  (Fig.  I).  Accordingly,  in 
1953  the  Department  of  Public  Works 


of  Canada,  which  is  responsible  for 
the  construction  of  the  Trans-Canada 
Highway  through  Glacier  National 
Park,  began  reconnaissance  work  for 
the  highway  and  organized  a prelim- 
inary survey  of  avalanche  sites  and 
avalanche  activity.  These  avalanche 
observations  were  under  the  direction 
of  N.  C.  Gardner.  In  1956  an  ava- 
lanche observation  station  was  estab- 
lished to  carry  out  the  more  detailed 


Figure  1:  Rogens  Pa.ss  with  main  avalanches. 


Figure  2:  Bear  Creek  valley  on  the  east  side  of  Rogers  Pass.  Part  of  the  highway  ' 
can  be  seen  in  the  left  foreground. 


study  of  avalanche  activity  required 
for  the  design  of  the  defence  system. 
Tlie  National  Research  Council, 
through  its  Division  of  Building  Re- 
search, co-operated  in  the  organiza- 
tion of  the  avalanche  ohservation  sta- 
tion. Between  1957  and  1960  the 
author  was  in  charge  of  this  station 
and  was  responsible  for  planning  the 
avalanche  defence.  This  paper  de- 
scribes in  brief  the  observations  which 
were  made  and  summarizes  the  de- 
fence which  was  chosen. 

Terrain 

The  summit  of  Rogers  Pass  is 
4,300  ft.  above  sea  level,  and  the 
peaks  of  the  Selkirk  range  rise  to 
11,000  ft.  The  valleys  associated  with 
the  Pass  are  short  and  comparatively 
steep  on  the  east  side,  but  rise  to  the 
summit  with  a gradual  climb  from 
the  west.  A typical  Selkirk  valley  is 
narrow  and  has  steep  sides  (Figs.  2, 
3). 

The  mountain  sides  on  the  Rogers 
Pass  route  have  a terrace  located  be- 
tween 5,500  and  6,500  ft.  above  sea 
level  (Figs.  4,  5).  The  terrace  goes 
gradually  over  into  the  scree  slopes 
and  rockfaces  which  rise  to  the  moun- 
tain ridges.  Below  the  terrace  a sharp 
drop  over  cliffs  leads  to  talus  slopes 
and  alluvial  fans  into  the  valley  bot- 
tom which  is  between  300  and  1,000 
ft.  wide.  In  some  places  the  mountain 
sides  are  close  together,  resulting  in  a 
narrow  V-shaped  valley.  The  highway 
is  cut  into  the  talus  slopes  and  alluvi- 
al fans,  and  except  for  two  short  sec- 
tions is  located  on  the  north  side  of 


Figure  3:  Illecillewaet  valley  on  the  west 
side  of  Rogers  Pass.  The  avalanche  sites 
are  the  open  paths  on  both  sides  of  the 
valley. 


the  river  which  flows  through  the 
valley.  The  lower  mountain  sides  and 
valleys  are  covered  with  heavy  timber 
and  dense  brush.  Trees  become  scat- 
tered on  the  terrace,  leaving  space  for 
alpine  meadows. 

Climate 

Rogers  Pass  is  in  the  region  popu- 
larly known  as  the  interior  wet  belt 
of  British  Columbia.-  High  annual 
precipitation  and  heavy  snowfall  are 
its  most  distinctive  features.  The  aver- 
age annual  precipitation,  measured  be- 
tween 1921  and  1950,  at  Glacier  close 
to  the  summit  of  Rogers  Pass,  is  18 
in.  of  rain  and  342  in.  of  snow,  while 
the  ma.ximum  annual  snowfall  ever 
observed  was  680  in.,  measured  dur- 
ing the  winter  1953-54.  The  magni- 
tude and  frequency  of  the  24-hour 
snowfalls  at  Glacier  during  the  win- 
ters between  1953  and  1960  are 
shown  in  Table  I. 

Storms  with  a high  rate  of  snowfall 
are  not  frequent  and  are  usually  of 
short  duration.  A day  with  heavy 


snowfall  is  usually  followed  by  one  or  ■ 
several  days  with  only  light  snowfall.- 
During  winters  of  light  snowfall  three  i 
storms  may  occur  yielding  more  than' 
16  in.  of  snow  in  a three-day  period,  I 
but  during  winters  of  heavy  snowfalll 
10  such  stoims  may  occur.  Only  occa- 
sionally, about  once  in  three  years,' 
is  there  a snowstorm  that  contributes’ 
more  than  36  in.  in  a three-day  peri-i 
od.  Most  snowfalls  are  accompanied! 
by  wind  which  deposits  large  amounts 
of  snow  on  the  lee  side  of  the  moun-i 
tain  ridges.  The  maximum  depth  of 
snow  on  the  ground  in  the  valley  isi 
about  100  in.,  and  on  the  mountain,  i 
at  the  6,700-ft.  level,  the  greatest' 
measured  depth  of  160  in.  was  ob- 
served on  May  1,  1959. 

Temperature  during  a snowstoim  nor-i 
mally  ranges  between  20  and  32°F. 
After  the  storm  has  ended,  it  is  usual  1 1 
for  cloudy  weather  to  continue  and  I 
the  temperature  to  change  relatively  I 
slowly.  Frequently,  however,  the  I 
temperature  rises  during  a snowstorm  I 
and  the  snowfall  in  the  valleys  I 
changes  to  rain.  The  temperature  falls  ■ 


TABLE  I 

Frequency  of  Snowfalls  at  Glacier 


Number  of  days  with  snowfalls 


Less  than 


Total 
snowfall 
for  the 
winter, 


Winter 

4 in. 

4 to  12  in. 

12  to  20  in. 

20  in. 

in. 

1953/.54 

56 

44 

7 

2 

680 

1954/55 

35* 

17* 

— 

— 

310 

1955/.56 

42 

30 

— 

— 

336 

1956/57 

47 

17 

3 

1 

341 

1957/58 

74 

26 

1 

— 

321 

1958/.59 

85 

41 

3 

— 

442 

1959/60 

84 

29 

1 

— 

368 

*The  records  of  the  winter  1954/55  include  only  the  snowfalls  after  1 January  1955. 
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^lo\v  0°F  only  a few  times  during 
e winter  and  this  cold  weather  usu- 
ly  does  not  continue  for  more  than 
i week. 

I'alanche  Survey 

The  avalanche  survey  had  to 
•oduce  the  following  information 
)out  the  average  and  very  large 
'alandhes  that  occur  at  each  site: 
leir  rupture  zone,  path  and  terminus; 
leir  depth  and  width; 
eir  frequency  of  occurrence; 
le  prevailing  conditions  responsible 
r their  occurrence. 

iformation  wias  obtained  by  monthly 
itrols  through  the  area  during  the 
St  three  years,  and  after  1956  by 
lily  and  weekly  patrols  to  record 
iservations  on  each  avalanche  that 
,‘curred,  even  on  those  which  ter- 
inated  far  from  the  highway.  The 
ipture  zone  and  path  of  important 
/alanches  was  sketched  on  photo- 
laphs  and  all  avalanches  that  de- 
psited  snow  near  or  on  the  highway 
ght-oFway  were  traced  on  location 
Ians.  Information  on  the  conditions 
lat  cause  avalanches  was  obtained 
irough  snow  cover  and  weather  ob- 
nvations  at  four  observation  sites 
I the  valley  and  two  mountain  ob- 
a vatories  located  at  an  elevation  of 
1 Dout  6,800  ft.  Precipitation  and  tem- 
erature  measurements  made  at  Gla- 
cr  previous  to  1953  were  available 
om  the  Meteorological  Branch  of  the 
>epartment  of  Transport, 
he  avalanche  survey  was  completed 
y site  studies  in  summer  and  winter. 
Extent,  slope  angle,  exposure,  soil 
onditions,  age  of  trees  in  the  rupture 
ane,  path  and  tenninus  were  ob- 
jrved  at  each  site.  Valuable  infor- 
lation  was  also  obtained  from  the 
laiiadian  Pacific  Railway  Company, 


'ijiiire  4:  Avalanche  site  Cheops  No.  2. 


who  kindly  made  available  their  rec- 
ords on  all  avalanches  that  had  af- 
fected railway  operation  during  the 
period  1910  to  19.52. 

In  1960,  when  the  final  plans  were 
developed  for  the  first  stage  of  de- 
fence, there  were  available  detailed 
observations  of  avalanche  activity 
during  seven  winters  and  partial  ob- 
servations from  another  40  years. 
Records  of  avalanches  that  occurred 
during  the  years  before  1953  re- 
vealed that  there  were  periods  of  more 
than  one  year  in  which  avalanche  ac- 
tivity was  a maxium.  These  periods 
of  maximum  activity  are  associated 
with  periods  of  high  snowfall  and 
high  temperature.  Unfortunately,  the 
present  survey  was  conducted  during 
w'hat  the  records  indicate  to  be  a 
period  of  low  activity,  both  as  to  the 
size  and  the  number  of  avalanches. 
Observations  taken  do  not,  therefore, 
cover  the  worst  possible  conditions 
which  may  be  encountered.  The  sur- 
vey did  produce  a good  picture  of 
avalanches  that  may  be  encountered 
during  an  average  year,  but  maxi- 
mum conditions  had  to  be  deduced 
from  the  few  large  avalanches  that 
occurred  during  the  observation  peri- 
od and  from  the  incomplete  observa- 
tions of  earlier  years. 

Avalanche  Sites 

Avalanche  sites  can  be  easily 
recognized  by  the  scars  on  the  tim- 
bered mountainside  (Fig.  2).  The 
area  where  avalanches  start  to  slide 
and  where  the  bulk  of  snow  origin- 
ates is  called  the  rupture  zone.  The 
previously  described  terrace  at  an 
elevation  of  about  6,000  ft.  divides 
the  rupture  zone  in  many  of  the 
avalanche  sites.  The  avalanches  rup- 
ture in  a lower  zone  on  or  at  the  toe 
of  the  cliffs  below  the  terrace 
or  in  an  upper  zone  on  the  steep 
slopes  rising  to  the  mountain 
ridges  (Fig.  5).  Many  of  the  small 
avalanches  which  originate  in  the 
upper  zone  stop  on  the  trurace.  Targe 
avalanches  overrun  the  terrace  and 
gain  a high  spc'cd  as  they  lall  o\er 
the  steep  slope's  Ix-low.  Tlu'ie  is  e\i- 
deiiee  that  main’  lower  rupture  zoiu's 
at  Rogers  I’ass  were  ouee  eo\’('ri'd  w ith 
timlx'r  that  |n’('\’C'ut('d  tlu'  oec'urri'uee 
of  a\'alaueh('S,  Tires  appe'ar  to  ha\i' 
remo\’('d  these'  tre'e's  auel  ele'stro\e'd  a 
\e'r\'  e'lfi'eti\’e'  natural  ele'le'uee'. 

The'  .nalaiielu'  path  is  the'  tr.iek  lol- 
lowe'el  b\’  an  a\alanehi'  eluriug  its  ele'- 
se'e'ul.  The'  majoritx  ol  a\alanehi's  .it 
Boge'i’s  I’ass  are-  e-oiifini'il  in  giillie's 
which  ha\e'  lie'i'u  e.irxe'el  in  the'  moiiii 
tains  b\  rmming  water  (I'ig.  oh  A 
le'w  axalaiu'he's  rcMeh  the  \.ille\  ox’er 
open,  b.ire'  slope's  (I'ig.  -D.  I he'  ter 
minus  is  the'  .ire'.i  w he-re-  the  m.ini 
!)oel\'  ol  the'  .U’.il.inehe'  e'oiiie's  to  rest 


Figure  5:  Avalanche  site  Tupper  No.  2. 
The  rupture  zone  is  at  the  cliffs  and 
snowfields  below  the  mountain  peak; 
the  gully  is  the  avalanche  path  and  the 
terminus  of  the  avalanche  is  on  the  wide 
alluvial  fan.  The  terraee  is  above  the 
cliffs  with  the  waterfall. 


Avalanches  slow'  down  on  the  alluvial 
fan  or  the  talus  slope  at  the  lower- 
part  of  the  mountain.  Minor  ones  will 
stop  there  but  major  avalanches  ad- 
vanee  into  the  valley  and  in  some 
cases  reach  the  opposite  side. 

The  narrow'  valley  in  Rogers  Pass 
and  the  fact  that  avalanches  reach 
the  valley  floor  from  both  sides  made 
it  impossible  to  construct  a highway 
that  w'ould  avoid  all  dangerous  sites. 
In  the  35-mile  highway  section  be- 
tv\een  the  east  boundar\’  of  Glacier 
National  Park  and  Albert  Ganyon  on 
the  west  side  74  avalanche  sites  had 
to  be  crossed;  61  of  these  lie  within 
the  Park.  As  the  ax'alanches  do  not 
occur  under  the  same  conditions  at 
each  site,  and  since  the  topography 
and  area  of  the  rupture  zones  and  the 
a\alanehe  paths  ma>'  produce  a\a- 
lanehes  of  elifferent  sizes,  the  hazard 
to  the  highwa\’  \aries  from  one  ava- 
lanche' site  to  the  next, 
rhe  74  a\alanehe  sites  can  be  el.iss- 
ilie'd  as  lollows; 

Niue'  site's  whe'ie'  minor  and  majoi’ 
.i\ al.uulu's  oeeur  Ire'epientb  .nul 
wlu'ie'  .It  le.ist  one  m.ijor  .n.d.nu-lu' 
e.UI  be'  e'Xpe'Cte'd  te>  I’e'.U'h  the'  higll- 
w a\  e'\  e'r\  \ e'.n’; 

rwe'Mt>-one'  site's  where'  min.'i 
,i\ .il.nielu's  (H'e'iir  lie'eiue'utK  .nul  nsn- 
.ill\  re'.K'h  the'  higliw  .u  one  e'  ar  in.'ie 
th.ni  oiu'e'  e.u-h  winte'i-;  the'  in.iss 
the'  sliding  snow  is  sm.ill  .nul  m.n  i ■; 
e'lWe'l’  the’  whole'  width  ol  the'  Ingliw.u  . 
huge'  .i\ .il.nu'he's  oevnr  o.  . o oi  ilK 
hot  not  e-\  e'l  V w inle'i 
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Thirteen  sites  where  avalanches 
occur  only  under  severe  conditions 
and  not  more  frequently  than  once  in 
two  years;  the  avalanches  may  deposit 
a large  amount  of  snow  on  the  high- 
way. 

Thirty-one  sites  where  avalanches 
occur  only  under  severe  conditions  and 
not  more  frequently  than  once  in  two 
years;  the  snow  that  would  reach  the 
highway  from  these  avalanches  would 
usually  be  aitborne  and  little  would 
be  deposited  on  the  highway. 

The  most  active  avalanches  are 
concentrated  in  a narrow  defile, 
about  £¥2  miles  long,  between  Mt. 
Tupper  and  Mt.  MacDonald.  Here 
the  concentration  of  sites  is  so  great 
that  they  merge  into  an  almost  con- 
tinuous slide  belt  (Fig.  1).  Another 
section  with  active  avalanches  is  just 
outside  the  western  boundary  of 
Glacier  National  Park.  Between  and 
outside  these  two  areas  the  avalanche 
paths  are  more  scattered. 

Classification  of  Avalanches  at  Rogers 
Pass 

Avalanche  classifications  have 
been  suggested  by  various  authors 
since  avalanches  were  first  described 
in  the  late  19th  centuiy.’^  Each  classi- 
fication serves  a particular  purpose, 
e.g.  a skier  travelling  in  the  rupture 
zone  may  look  at  the  avalanches  from 
a viewpoint  different  from  that  of  the 
engineer  who  is  only  concerned  with 
the  effect  the  moving  avalanche  has 
on  structures.  The  following  classi- 
fication, which  uses  the  cause  of 
avalanches  as  a basis,  proved  to  be 
most  practical  for  the  design  of  the 
defence  system  at  Piogers  Pass. 

The  frequency  of  occurrence  and  the 
proportion  of  the  avalanches  in  each 
class  was  determined  for  each  site 
and  the  defence  chosen  accordingly. 

Dry  Snow  Direct  Action  Avalanches 

The  majority  of  all  avalanches 
fall  into  this  category.  They  occur 
during  or  immediately  after  a snow- 
storm, and  avalanche  hazard  can  be 
recognized  by  observing  the  snow 
cover  and  the  weather.  Minor  ava- 
lanches may  reach  the  highway  after- 
snowfalls  of  10  in.  when  accompanied 


by  wind.  Experience  has  shown  that 
snowfalls  of  two  to  three  days’  dura- 
tion, yielding  more  than  16  in.  of 
new  snow  and  aceompanied  by  strong 
wind,  or  22  in.  without  wind,  may 
cause  an  avalanrihe  hazard  at  all 
known  sites.  This  amount  of  new 
sno>w  is  only  a general  guide;  an  un- 
stable snow  cover,  low  temperatures 
or  other  influences  may  cause  ava- 
lanches before  this  amouirt  has  been 
readied.  A continuous  snowfall,  ex- 
ceeding 30  in.  of  new  snow,  may 
cause  unusually  large  avalanches.  Dry 
snow  avalanches  move  on  the  surface 
and  are  accompanied  by  a eloud  of 
snow  dust.  The  avalanche  may  be- 
come airborne  over  cliffs  or  very 
steep  terrain  and  the  cloud  of  snow 
dust  obtain  a high  speed.  Some  ava- 
lanches may  deposit  large  amounts  of 
snow  on  the  hig'hway;  others  may 
cause  only  strong  windblast  and  de- 
posit light  snow. 

Wet  Snow  Direct  Action  Avalanches 

These  avalanches  occur  vVhen 
snowfalls  are  followed  immediately 
by  rain  or  warm  weather.  They  can 
be  large  and  reach  the  highway  vVhen 
the  snowfall  exceeds  12  in.  The  wet- 
ter the  snow  the  more  the  avalanches 
move  on  the  surface,  with  little  or 
no  dust  cloud  and  accompanying 
windblast.  Records  of  the  railway 
company  indicate  that  most  of  the 
big  avalanches  which  have  blocked 
rail  traffic  for  long  periods  of  time 
were  the  result  of  heavy  snowfalls 
followed  by  warm  weather.  It  would 
appear  that  major  occurrences  of  wet 
snow  direct  action  avalanches  would 
create  the  most  unfortunate  situation 
for  the  highway,  because  the  ava- 
lanches conld  cover  the  highway  with 
deep  snow  simultaneously  at  many 
sites  (Fig.  6). 

Dry  Snow  Delayed  Aetion  Avalanehes 

These  avalanches  are  also  called 
climax  avalanches,  and  are  caused  by 
various  factors  which  build  up  the 
avalanche  hazard  over  a period  of 
time  during  which  snowfall  does  not 
necessarily  have  to  occur.  By  careful 
observation  of  the  snow  cover  and 


Avalanche  Class 

Main  Cause 

Dry  snow  direct  'action  avalanches 

snowfall,  wind 

Wet  snow  direct  action  avalanches 

snowfall  in  association 
with  rain  or  temperatures 
above  32°F 

Dry  snow  delayed  action  avalanches 

unstable  snow  cover, 
snowfall  and  wind  over 
a long  period  of  time. 

Spring  thaw  avalanches  (or  wet 
snow  delayed  action  avalanches) 

high  temperatures 

the  weather  it  is  possible  to  evaluate  ; 
the  avalanche  hazard  and  determine 
the  periods  when  such  'avalanches  ‘ 
may  affect  the  highway.  These  ava-  ^ 
lanches  have  the  same  effect  as  dry 
snow  direct  action  avalanches,  but 
unlike  that  class  appear  to  occur 
sporadically  and  do  not  normally 
affect  large  sections  of  the  highway  | 
simultaneously.  | 

Spring  Thaw  Avalanches 

These  avalanches  oecur  as  a re- 
sult of  the  loss  of  cohesion  of  snow 
as  it  melts.  They  usually  occur  in 
cycles  at  many  sites  simultaneously 
during  a few  hot  days,  but  single 
occurrences  were  observed  also.  The 
avalanches  can  involve  large  masses 
of  wet,  heavy  snow  and  often  slide 
on  the  ground.  They  usually  have  a 
lower  speed  and  a smaller  range  than 
the  dry  snow  avalanches,  and  tend  to 
flow  in  channels.  ; 

I 

Avalanche  Defence  Methods 

From  the  observations  made  on 
avalanches  and  their  causes,  it  was 
necessary  to  formulate  a general  de-  ! 
fence  plan  for  the  whole  route,  and 
to  indicate  the  defence  method  that 
should  be  applied  for  each  avalanche 
site  within  the  general  plan.  To  the 
greatest  possible  extent  the  Trans- 
Camada  Highway  was  constructed 
through  areas  safe  from  avalanches. 
When  an  avalanche  path  could  not  be 
avoided,  'attention  was  given  to  locat- 
ing the  highway  in  such  a way  as  to 
reduce  the  effect  of  the  avalanches, 
e.g.  placing  the  highway  near  the  tip 
oif  the  avalanche  'tenninus  where  it 
would  be  reached  infrequently  by 
avalanches  or  high  on  the  mountain- 
side where  the  avalanche  path  is 
narrow  and  snow  clearing  to  the 
downhill  side  easier.  Cuts  were  day-  > 
lighted  in  order  to  avoid  deep  snow 
deposits. 

Much  valuable  experience  is  now 
available  from  countries  such  as 
Switzerland,  Austria  'and  the  United  ; 
States  on  various  methods  of  defence 
against  avalanches. 

Active  Defence 

Structures  and  vegetation  (per- 
manent measures) 

Retaining  barriers 
Snowfences  and  wind  ■ 
baffles 

Braking  barriers;  Earth 
mounds.  Catching  - 
dams 

Diverting  dams 

Snowsheds 

Reforestation 

Explosives  (temporary  mea-  1 
sures)  I' 
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Passive  Defence 


Avalanche  warning  ('temporary 
measure) 

Highway  closures 
Avalanche  detection 


All  methods  may  he  applied 
5 j alone  or  in  combination.  They  are  de- 
( ' scribed  below  and  rationalized  for 
Ijithe  defence  at  Rogers  Pass, 
ip  Retaining  barriers  are  constructed 

(I in  the  rupture  zone  and  control  ava- 
llanches  at  their  source.  They  can 
create  a completely  safe  site.  It  was 
1 1 found  that  costs  for  barriers  in  the 
I remote  and  large  rupture  zones  which 
occur  at  Rogers  Pass  were  prohibitive, 
j Retaining  barriers  could  be  built  eco- 
jinomically  only  at  minor  avalanche 
|1  sites  where  the  rupture  zone  is  close 
j!to  the  highway,  e.g.  on  long,  steep 
•banks  from  which  significant  amounts 
' of  snow  may  slide  and  cover  the 
[ I highw'ay. 


■ KiKiirc  7:  Avalanche  site  Cheops  No.  1 
j willi  earth  inoiiiicls  in  the  terminus. 


Snowlcnccs  and  windhafflcs  coii- 
Irol  in  (he  rupture  zone  the  driltiug 
snow  that  may  create  au  avalauehe 
hazaid.  It  was  eousidered  tliat  this 
ileleiiee  is  not  suitable  for  llogers 
I’ass,  Ix'caiise  the  slrueturc's  must  he 
l)uill  at  liigh  elevations  and  on  ex- 
loosed  mountain  ridgi's  where  eou- 
slruetioii  and  maiuteuaue('  are  dilii- 
eull.  This  deleuee  dot's  not  i)re\('ul 
<li  \ oi  wet  snow  direct  act  ion  ia\  a- 
lauehes  tliat  are  not  aeeum|)auied  h\ 
wind,  hurl hermore,  it  is  possible  lhal 
deep  snow  would  soon  eo\er  the 
siruelures. 


' Hr. iking  h.irriers  are  ohsl.ieles  in 
I lilt'  .iN.il'aiiehe  p.ilh  which  slow  down 
j or  slop  the  awikmelu's  lu'hire  the\ 
j ri'aeh  llu-  highway.  OI  the  \arious 


Figure  6:  Terminus  of  a wet  snow  direet  action  avalanche  on  the  future  highway. 
The  snow  is  45  feet  deep. 


structures  which  can  be  used,  earth 
mounds  and  catching  dams  were 
judged  to  be  suitable. 

Earth  mounds  are  built  in  two 
or  more  rows  in  a checkered  arrange- 
ment on  the  flat  section  of  the  path 
w'here  the  avalanches  would  normally 
have  slowed  down  considerably  (Figs. 
7,  8).  At  Rogers  Pass,  the  alluvial 
fans  at  the  terminus  of  the  avalanche 
sites  have  low  slope  angles  and  are 
a suitable  location  for  mounds.  A 
series  of  experimental  mounds  was 
constructed  in  1957.  Observations 
during  the  following  three  winters 
showed  that  at  locations  where  the 
mounds  were  constructed  dry  snow' 


avalanches  were  slowed  down  while 
passing  between  the  mounds  and 
terminated  just  beyond;  spring  thaw' 
avalanches  stopped  at  the  first  row'  of 
mounds.  It  was  decided  that  mounds 
should  be  built  as  defence  against  w'et 
snow  avalanches  and  smaller  dry  snow' 
avalanches  at  other  sites  where  not 
more  than  three  avalanches  per  winter 
are  likely  to  occur.  Because  construc- 
tion costs  are  low',  they  can  be  built  as 
defence  against  large  dr\'  snow  a\'a- 
lanches  also.  In  this  case,  it  is  not 
expected  that  the  mounds  will  stop 
the  avalanches  completely,  but  the>' 
should  retain  a great  part  of  the 
heav'ier  sliding  snow'  and  reduee  the 


Figure  8:  Earth  mounds  with  deposited  avalanche  snow. 
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dimension  of  the  avalanche  on  the 
highway.  The  mounds  built  at  Rogers 
Pass  are  15  to  25  ft.  high  with  a 
distance  of  60  to  80  ft.  between 
centres.  The  number  of  mounds  and 
their  size  depends  on  local  conditions 
such  as  normal  size  of  avalanches 
and  natiu'e  of  terrain. 

Catching  dams  are  built  perpen- 
dicular to  the  avalanche  direction. 
Their  efficiency  is  limited  because 
fast-moving  avalanches  can  jump  over 
them  and  the  spaces  behind  are  often 
filled  with  snow  after  one  avalanche 
has  occurred.  It  can  easily  be  calcu- 
lated that  a catching  dam  requires 
about  the  same  earth  quantity  as  t\\'0 
rows  of  mounds  of  equal  height. 
Mounds,  however,  are  more  efficient  in 
stopping  avalanches.  It  was  consid- 
ered that  dams  could  be  built  at 
Rogers  Pass  immediately  above  the 
highway  where  not  more  than  two 
avalanches  are  likely  to  occur  and 
where  there  is  insufficient  space  for 
construction  of  mounds.  Catching 
dams  are  between  10  and  15  ft.  high. 
During  the  two  winters  between  1957 
and  1959,  tests  were  made  with 
catching  dams  built  by  pushing  snow 
to  the  outside  edge  of  a vide  terrace. 
These  proved  effective  against  small 
avalanches,  but  since  snow  dams  have 
to  be  rebuilt  each  winter  earth  dams 
were  considered  more  practical. 

Diverting  dams  divert  an  ava- 
lanche laterally  to  an  area  where  it 
can  run  out  haimlessly.  Use  of  small 
dams  with  a natural  earth  slope  or  a 
vertical  wall  on  the  side  facing  the 
avalanche  was  considered  for  dif- 
ferent avalanche  sites  where  they 
could  be  built  easily  on  the  long  al- 
luvial fans.  It  was  concluded,  how- 
ever, that  if  these  dams  were  con- 


structed in  the  terminus  zone  of  the 
avalanches  they  would  be  backfilled 
by  early  snow  deposits  and  prove  in- 
effective for  later  avalanches.  Further- 
more, it  was  found  that  earth  mounds 
produce  the  same  degree  of  protec- 
tion as  earth  dams  at  lower  cost.  In 
two  cases,  even  a snowshed  proved  to 
be  less  expensive  than  the  required 
long  and  high  dam. 

Diverting  dams  with  modified 
function  are  used  in  association  with 
snowsheds.  in  this  case  the  dams 
restrict  the  spreading  of  the  ava- 
lanches and  keep  them  in  a defined 
straight  path.  Such  dams  were  once 
built  on  Rogers  Pass  in  association 
with  the  numerous  snowsheds  which 
protect  the  railway.  Remains  of  the 
dams,  consisting  of  stone-filled  log 
cribs,  can  still  be  found  along  the 
abandoned  railway  line.  But  con- 
struction metbods  have  changed  dur- 
ing the  past  70  years,  and  for  the 
highway  it  proved  more  economical 
to  construct  high  dams  with  a natural 
earth  slope  to  reduce  the  width  of 
the  avalanches  and  minimize  the 
length  of  the  snowshed  (Fig.  9).  These 
dams  are  20  to  25  ft.  high.  For  some 
sites,  where  frequent  avalanches  oc- 
cur during  the  winter,  it  was  possible 
to  increase  the  effective  height  of  the 
dams  by  excavating  a ehannel  in  the 
avalanche  path.  The  excavated  earth 
was  used  for  highway  fill. 

Snowsheds  divert  moving  ava- 
lanches over  the  highway.  Expensive 
structures,  they  were  considered  only 
for  sites  where  other  active  defence 
methods  proved  to  be  inadequate 
(Fig.  10).  At  Rogers  Pass  the  highway 
must  cross  most  avalanche  sites  in  the 
tenninus  zone,  and  loads  from  de- 
posited snow  can  be  very  large.  For 


Figure  9:  Diverting  dams  which  confine  the  width  of  the  avalanches.  A snowshed 
will  he  built  in  the  path  of  the  avalanches. 


three  winters,  therefore,  snow  depth,  I 
slope  angle  and  density  of  deposited  ij 
avalanche  snow  vvere  surveyed  in  sites  ji 
where  sheds  are  planned.  The  static  i 
load  for  each  snowshed  was  estimated  I 
from  these  observations.  The  largest  ! 
design  static  load  was  calculated  to  | 
be  1100  p.s.f.  on  the  uphill  side  of  I 
the  snowshed  and  500  p.s.f.  on  the  I 
downhill  side.  This  corresponds  to  a || 
snow  depth  of  29  ft.  and  13  ft.  re-  ! 
spectively,  with  an  assumed  average  i, 
snow  density  of  38  Ib/cu  ft.  The  shed  | 
must  also  be  designed  to  withstand  ' 
the  forces  produced  by  a moving 
avalanche.  For  one  site  this  d>mamic  ' 
force  was  calculated  to  be  700  p.s.f. 
vertical  load  and  350  p.s.f.  lateral 
force  due  to  friction.  Lighter  sheds,  ; 
to  be  built  in  the  path  of  smaller  ; 
avalanches,  were  designed  for  deposit  ; 
loads  of  450  p.s.f.  and  150  p.s.f.  and  ; 
300  p.s.f.  moving  load.  A paper  giv-  : 
ing  detailed  information  on  the  de-  | 
sign  of  snowsheds  is  being  prepared,  r 
Reforestation  in  'the  rupture  zone  ! : 
serves  the  same  purpose  as  retaining  . 
barriers.  Reforestation  projects  must 
be  associated  'with  temporary  retain-  i 
ing  barriers,  Which  because  of  expense  ' a 
were  not  considered  for  Rogers  Pass,  ' g 
Explosives  are  a temporary  de-  ig 
fence  measure  that  is  cheap  and  ver-  S 
satile.  When  the  avalanche  hazard  ;» 
dictates  avalanches  can  be  released  g 
under  control  by  detonating  explo- 
sives in  the  rupture  zone.  Under  cer-  . 
tain  circumstances,  particularly  when  ' 
there  is  a hazard  for  dry  snow  de- 
layed action  avalanches,  the  explosion  ; 
can  create  a stable  sno'W  cover  with-  : g 
out  producing  an  avalanche.  Much  n 
e.xperience  on  this  method  of  ava-  y 


Figure  10:  Snowshed  in  the  Lanark  ava-  J 
lanche  site.  The  snowshed  was  built  in  ; 
1960  by  the  B.C.  Department  of  High-  ! 
ways. 
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lanche  defence  has  been  gained  in 
the  U.S.A.  and  in  Switzerland,  where 
it  has  proved  effective  and  economi- 
cal against  direct  action  avalanches 
and  dry  snow  delayed  action  ava- 
lanches, although  not  against  spring 
' thaw  avalanches. 

The  normal  technique  is  to  use 
i projectiles  fired  from  an  artillery  wea- 
1 pon.  Studies  and  experiments  indi- 
cated that  the  75-mm.  and  105-mm. 
howitzer  are  most  suitable  for  ava- 
lanche control  at  Rogers  Pass.  Some 
rupture  zones  are  too  rugged  for  eco- 
nomioal  firing  and  at  a few  avalanche 
sites  no  suitable  firing  position  could 
be  found.  Since  firing  must  often  be 
done  during  snowstorms  when  main- 
tenance personnel  are  already  busy 
with  snow  removal  work,  and  be- 
cause a large  portion  of  the  highway 
is  in  the  National  Park  which  should 
not  be  converted  into  an  artillery 
range,  it  was  decided  that  artillery 
fire  should  be  used  only  against  ava- 
lanches that  cannot  be  controlled  eco- 
i nomically  by  other  methods.  Hand- 
, placed  and  preplanted  explosive 
charges  were  found  unsuitable  at 
Rogers  Pass  because  of  the  remote- 
ness of  the  rupture  zones. 

Highway  closure  for  the  duration 
of  dangerous  avalanche  conditions  is 
a .simple  protective  measure.  It  re- 
quires an  organization  to  study  snow 
cover  and  weather,  evaluate  avalanche 
hazard  and  order  closure  and  re- 
opening as  necessary.  It  was  con- 
I sidered  that  although  the  Rogers  Pass 
route  must  be  open  for  the  whole 
winter,  short  closures  would  be  per- 
missible. 

An  avalanche  detection  system 
consists  of  an  electronic  device  which 
detects  an  avalanche  as  it  occurs  and 
operates  warning  signals.  In  a long 
path,  an  avalanche  may  be  detected 
some  time  before  it  reaches  the  high- 
way and  traffic  signals  could  warn 
oncoming  vehicles  before  they  enter 
the  dangerous  area.  In  short  paths 
the  device  may  only  signal  avalanche 
occurrence  to  the  maintenance  head- 
! (inarters.  I’hc  former  use  of  the  sys- 
tem may  be  feasible  at  a later  stage 
! ol  dci('ncc  at  a few  .selected  avalanche 
' sites  at  Pogers  Pa.ss,  but  the  latter 
I nse  ol  the  system  was  ehosen  for  two 
sites  vvlK're  Ircaiuenl  .small  avalanelies 
j may  cover  the  highway.  M’he  Radio 
I 'and  Mk'etrical  I'aigineering  Division  of 
: tiu'  National  Re.sc'areli  Clouneil  has 
j l)nilt  an  avalanche  (k'teetion  deviei' 
I lor  Hogc'i's  Pass  that  is  now  Ixhng 
j tested. 

Aviiliim-lu'  Ila/.iird  Kvahiatioii  aiul 
Prediction 

l)(‘f('ne('  by  means  of  ('xplosi\('S 
and  highwa\’  elosnre  r('(|uirr's  tlu' 
('V.ilnation  ol  axadanelu'  hazard  to  d('- 


termine  when  explosives  should  be 
used  and  when  the  highway  must  be 
closed  or  reopened.  An  avalanche  is 
caused  by  different  factors  associated 
with  terrain,  snow  cover,  snowfall, 
wind  and  temperature,  all  in  close 
relationship.  Certain  rules  have  been 
established  through  experience  on  the 
dependence  of  avalanche  hazard  on 
these  factors.  Hazard  can  be  evaluated 
quite  accurately  for  the  time  of  ob- 
servation, but  the  prediction  of  future 
hazard  is  only  as  good  as  the  weather 
forecast.  In  practice,  the  avalanche 
hazard  forecaster  has  to  assume  that 
weather  will  follow  a certain  pattern 
and  his  prediction  is  based  on  this. 
The  evaluation  of  the  avalanche 
hazard  can  be  approached  by  two 
different  methods,  called  here  the 
testing  method  and  the  analytic 
method. 

The  testing  method  has  been  de- 
veloped in  Switzerland;^  evaluation 
of  the  avalanche  hazard  is  based  on 
snow  cover  observations.  Stability  of 
a snow  cover  can  be  tested  directly 
from  time  to  time  and  weather  factors 
such  as  snowfall,  wind  and  tempera- 
ture used  to  determine  its  stability 
between  observations.  With  experi- 
ence and  tests,  it  has  been  found 
which  factors  may  lead  to  a fracture 
and  which  conditions  contribute  to 
stabilization. 

The  analytic  method  is  the  tech- 
nique used  in  the  U.S.  Forest  Ser- 
vice.^ Most  avalanche  sites  with  which 
this  service  was  concerned  produced 
direct  action  avalanches.  Observations 
ov'er  a few  winters  indicated  the  wea- 
ther and  snow  cover  factors  mainly 
responsible  for  creating  them.  By  de- 
termining the  magnitude  of  each  fac- 
tor, it  was  possible  to  evaluate  ava- 
lanche hazard.  This  method  requires 
more  accurate  weather  observations 
than  the  testing  method,  but  produces 
better  results. 

In  practice,  both  methods  are 


used  in  combination.  Between  19.56 
and  1959  observers  at  the  avalanche 
observation  station  in  the  Rogers  Pass 
area  made  snow  cover  and  weather 
observations  and  evaluated  daily  the 
avalanche  hazard.  The  testing  method 
was  used  as  the  basis  for  evaluation. 
Weather  conditions  that  caused  ava- 
lanches at  specific  sites  were  ana- 
lysed and  rules  for  forecasting  direct 
action  avalanches  were  found.  Other 
studies  were  made  to  estabhsh  a rule 
of  thumb  for  the  hazard  evaluation 
of  spring  thaw  avalanches.  In  1959 
the  responsibility  for  avalanche  evalu- 
ation and  prediction  was  transferred 
to  the  Department  of  Northern  Af- 
fairs and  National  Resources.  The  ex- 
perience gained  in  combining  the 
testing  method  with  the  analytic 
method  has  been  passed  on  to  this 
Department. 

Defence  Plan 

Study  of  avalanche  defence  for 
the  Rogers  Pass  route  indicated  that 
the  cost  of  a defence  that  would 
guarantee  a continuously  open  high- 
way would  be  unreasonably  high.  It 
was  realized  also  that  the  required 
structures  for  such  a defence  could 
not  be  built  before  the  scheduled 
completion  date  of  the  highway'.  On 
the  other  hand  it  was  recognized  that 
a passive  defence  only  would  not 
avoid  frequent  and  long  closures, 
which  could  not  be  accepted  for  the 
Trans-Canada  Highway.  Based  on 
these  considerations  a plan  with  three 
stages  of  defence  construction,  com- 
bining active  defence  with  passive 
defence  by  highway  closures,  was 
chosen.  The  length  of  time  that  the 
highway  would  probably  be  closed 
each  winter  would  be  decreased  with 
the  completion  of  each  stage. 

The  first  stage  of  defence  will 
be  in  operation  when  the  highwax'  is 
opened,  and  the  other  stages  can  be 
introduced  later  when  more  experience 


TABLE  11 
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with  highway  operation  and  ava- 
lanches is  available  and  when  shorter 
closure  times  are  demanded.  Studies 
on  the  defence  required  for  the  three 
stages  were  made  and  costs  estimated 
in  relation  to  prices  for  1960-1961. 
The  different  stages  are  described  be- 
low and  their  estimated  effectiveness 
shown  in  Table  II.  Initial  costs  for 
the  different  stages  are  those  for  de- 
fence structures  and  for  establishing 
an  avalanche  warning  service.  The 
annual  cost  is  the  estimated  amount 
of  money  to  be  spent  each  year  for 
control  of  avalanches  by  explosives 
and  for  the  avalanche  warning  ser- 
vice, but  does  not  include  any  cost 
for  snow  removal. 

The  First  Stage  of  Defence 

The  following  defence  plan  was 
chosen  for  the  first  stage  of  defence: 
Defence  structures  will  be 
built  that  will  give  full  pro- 
tection at  sites: 

— where  the  avalanche  survey 
has  indicated  that  dangerous 
dry  snow  direct  action  ava- 
lanches usually  occur  after 
snowfalls  yielding  less  than  16 
in.  new  snow  when  accom- 
panied by  wind,  or  less  than 
22  in.  new  snow  without  wind; 

— where  spring  thaw  avalan- 
ches were  observed  to  have 
reached  the  highway  location 
regularly  every  year;  and 

— where  dangerous  dry  snow 
delayed  action  avalanches 
usually  occurred  at  least  once 
every  year. 

This  means  that  defence  struc- 
tures are  to  be  built  at  sites  where 
avalanches  would  have  affected  the 
highway  once  or  more  than  once  each 
year  during  the  period  from  1953  to 
1960.  The  plan  required  the  con- 
struction of  eight  snowsheds,  with  a 
total  length  of  4,825  ft.,  a total  of  80 
earth  mounds  constructed  at  two  sites, 
and  catching  dams  at  two  sites  with 
a total  length  of  800  ft.  Associated 
with  the  snowsheds  are  diverting 
dams  between  100  and  600  ft.  long 
that  confine  the  avalanches. 

In  addition  to  these  structures  it 
was  decided  to  build  a total  of  240 
earth  mounds  at  seven  sites,  a total  of 
700  ft.  of  diverting  dams  at  two  sites 
and  a total  of  1,400  ft.  of  catching 
dams  at  three  sites  where  avalanches 
were  observed  less  frequently,  but 
where  the  local  conditions  make  in- 
expensive structures  feasible.  These 
secondary  defences  do  not  offer  com- 
plete protection  to  the  highway,  but 
will  probably  retain  smaller  ava- 
lanches and  reduce  the  size  of  larger 
ones. 

Artillery  fire  is  to  be  used  against 
dry  snow  delayed  action  avalanches 


at  sites  that  are  unprotected  or  in- 
sufficiently pi'otected  by  structures. 
The  highway  is  to  be  closed  when 
dry  snow  direct  action,  wet  snow 
direct  action,  or  spring  thaw  ava- 
lanches are  likely  to  occur  at  un- 
protected sites.  This  means  that  the 
highway  would  normally  be  closed 
until  about  12  hours  after  snowfalls 
exceeding  16  in.  when  accompanied 
by  wind  or  22  in.  without  wind. 
Furthei-more,  it  might  be  closed  when 
a snowstorm  is  followed  by  warm 
weather  or  during  days  when  larger 
spring  thaw  avalanches  are  likely  to 
occur. 

An  avalanche  hazard  evaluation  and 
prediction  service  is  to  be  established 
that  will  determine  when  and  where 
avalanches  have  to  be  controlled  by 
artillery  or  the  highway  closed. 

The  Second  Stage  of  Defence 
The  defence  measures  of  the  first 
stage  are  to  be  supplemented  by 
structures  to  provide  full  protection 
at  sites  Where  wet  snow  direct  action 
avalanches  and  spring  thaw  avalan- 
ches reach  the  highway  more  fre- 
quently than  once  in  10  years.  Ad- 
ditional snowsheds,  retaining  barriers 
in  rupture  zones  close  to  the  highway, 
earth  mounds  and  diverting  dams  will 
be  built. 

The  Third  Stage  of  Defence 

This  stage  would  guarantee  an  open 
highway  for  the  Whole  winter,  except 
for  short  intervals  when  explosives 
would  be  used  to  control  direct  action 
avalanches  and  dry  snow  delayed  ac- 
tion avalanches  at  sites  where  no 
defence  structures  were  built  in  the 
first  and  second  stage.  Additional 
defence  structures  would  have  to  be 
built  at  sites  where  the  terrain  for- 
bids artillery  fire  or  where  artillery 
fire  would  be  uneconomical,  as  well 
as  at  sites  where  spring  thaw  ava- 
lanches may  reach  the  highway. 
Although  defence  structures  for  all 
stages  will  be  designed  for  situations 
which  may  occur  once  in  10  years, 
conditions  may  be  encountered  once 
in  15  to  20  years  that  produce  very 
large  avalanches  that  follow  unusual 
paths.  An  avalanche  evaluation  and 
prediction  service  will  be  necessary 
to  determine  the  time  and  location  for 
artillery  fire  and  also  to  order  closure 
of  the  highway  for  the  extremely  bad 
situations  which  may  overcome  the 
defence  system. 

Concluding  Remarks 

Avalanche  observations  and  subse- 
quent development  of  the  defence 
system  for  the  Trans-Canada  High- 
way in  the  Rogers  Pass  area  is  the 
first  project  of  this  kind  to  be  under- 
taken in  Canada.  It  is  to  the  credit 


of  the  engineers  of  the  Department  of 
Public  Works  that  an  avalanche  sur- 
vey was  initiated  with  the  first  high- 
way location  studies  in  1953.  Because 
of  their  foresight,  observations  from 
seven  winters  were  available  upon 
which  recommendations  could  be 
based  for  a defence  plan  and  the 
specifications  for  the  first  stage  of 
defence  by  the  time  detailed  en- 
gineering planning  was  begun.  The 
defence  plan  chosen  was  one  that 
could  be  completed  in  successive 
stages,  each  stage  giving  greater  pro- 
tection to  the  highway.  Structures 
near  the  highway,  explosives  and  an 
avalanche  evaluation  and  prediction 
service  form  its  basis.  Structures  con- 
structed for  the  first  stage  of  defence 
will  protect  the  highway  at  those  sites 
where  major  avalanches  will  affect 
the  highway  once  or  more  than  once 
each  year.  The  plan  lays  down  prin- 
ciples to  be  followed  in  determining 
successive  stages  of  defence,  but  de- 
tails of  this  defence  require  further 
observations  of  the  avalanches  and 
their  effect  on  the  highway  when  it 
is  in  operation. 
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When  designing  the  Beechwood  hydro  electric  power  station  on  the  St.  John 
River  in  New  Brunswick,  it  was  necessary  to  provide  facilities  for  the  trans- 
fer of  Atlantic  salmon  to  the  forebay  of  the  development  from  below  the 
dam.  An  elevator  fish  hoist  was  selected  to  do  this. 


Presented  at  the  Ttith  E.I.C.  Annual  General  Meeting,  Vancouver,  May  1961. 
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TLANTIC  SALMON,  “Salmo 
Salar”,  .spawn  in  rivers  occurring 
in  restricted  latitudes  of  Western 


Europe  and  North  America.  The  orig- 
inal distribution  in  North  America 
extended  from  southern  New  England 


Fig,  1.— General  Arrangement  of  Structures 
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to  mid-Labrador.  M’hile  increasing 
population  and  indnstiialization  have 
been  progressit'ely  pushing  the  south- 
ern extremity  of  distribution  north- 
ward, salmon  still  occur  in  Huetuat- 
ing  nnmbers  in  some  300  streams  and 
liters  of  Canada’s  .\tlantic  provinces. 
It  is  estimated  that  75%  of  the  remain- 
ing salmon  rnn  to  about  six  principal 
river  ststcms  of  New  Brunsw  ick  and 
Ncwtoundland. 

Records  of  salmon  catches  In’  com- 
mercial fishernu'ii  in  t.uious  areas  of 
the  .Vtlantic  pro\  inces.  exchuling  \ew  - 
fonndlaiul.  indicate  scv  er.il  peak  t ears 
t\  ith  production  excci'ding  3. .3  million 
11).  In  New  fonndl.nul,  connnerci.il 
l.uulings  as  indicatcil  by  cxiiort  lig- 
uri’S.  Iliu'tu.iti'  from  3 million  lb.  to 
ot  i-r  (i  million  lb.  .Since  H)3d.  the  most 
ri'ci'iit  peak  tear  when  oter  13  mil- 
lion lb.  of  s.ilmon  were  l.nuhxl  bt 
eommen-i.il  lishermen  tin  tlu'  whoh' 
.\tl.mtie  eo.ist.  tlu'ie  h.is  been  .i  gr.i.b 
u.il  deeline  in  s.ilmon  e.itclu's  bt  inm 
merei.il  nets.  I'liis  h.is  been  nniinb 
ivsponsible  lor  the  reeent  wiilespie.ul 
eoneern  oti-r  the  Atl.inlii  S.ilmon 
stoeks.  notw  ithst.uuhug  the  seen 
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awareness  which  exists  for  the  value 
of  the  Atlantic  Salmon  as  a game 
fish. 

Among  the  rivers  of  New  Bruns- 
wick utilized  by  the  Atlantie  Salmon 
for  spawning  is  the  Saint  John  River 
and  its  tributaries.  Accordingly, 
when  designing  the  Beechwood 
hydro-electric  power  station  located 
on  the  St.  John  River,  it  was  impera- 
tive that  the  engineers,  in  close  asso- 
ciation with  the  Department  of  Fish- 
eries, incorporate  fish  handling  facili- 
ties to  pass  salmon  over  the  dam  with 
a minimum  of  interference  to  their 
anadromous  habits. 

It  is  intended  that  this  paper  de- 
scribe the  fish  handling  facilities,  and 
in  particular  the  fish  hoist,  which 
were  provided  at  the  Beechwood  De- 
velopment of  The  New  Brunswick 
Electric  Power  Commission  and  relate 
some  of  the  operational  experience 
gathered  since  these  facilities  were 
placed  in  service. 

General  Conditions  Affecting  Selection 
of  Facilities 

It  is  speculated  that  salmon  prob- 
ably enter  the  Saint  John  River  every 
month  of  the  year,  with  the  greatest 
concentration  appearing  from  May  to 
August.  Spring  fish  are  predominantly 
two  sea-year  fish  of  10-15  lb  weight. 
These  are  followed  by  a summer  run 
of  smaller,  one  sea-year  fish  or  grilse, 
and  subsequently  by  a fall  iim  of 
salmon  larger  in  size  than  the  spring 
fish.  A run  of  immature  females, 
weighing  approximately  9 lb.,  enters 
the  lower  river  between  November 
and  January  but  is  reported  to  hold 


Fig.  2.— General  Plan  of  Fishway  Fa- 
cilities 


Fig.  3.— View  of  Fish  Collecting  Gallery  above  Draft  Tube  Exits 


in  the  lower  reaches,  proceeding  up- 
river early  the  following  spring.  The 
spawning  migration,  as  a rule,  is  not 
rapid.  For  example,  the  main  spring 
spawning  runs  may  take  up  to  a 
month  to  traverse  the  20  miles  of 
fresh  water  influence  outside  the  Saint 
John  harbour  before  entering  the  river 
beyond  the  Reversing  Falls.  Upstream 
of  the  Falls,  the  pattern  is  variable. 
Early  spring  salmon  may  migrate  rap- 
idly to  upriver  sections  and  tribu- 
taries. However,  as  the  water  be- 
comes wanner  and  river  levels  recede, 
migration  is  more  sporadic  and  the 
salmon  sometimes  hold  for  months  in 
pools  near  the  tidehead,  cool  river 
holding  pools  or  below  rapids,  falls 
and  dams.  Fall  fish  again  move  rapid- 
ly into  the  tributary  spawning  streams. 
Based  on  these  migratory  character- 
istics, it  was  established  that  the 
Beechwood  facilities  must  be  de- 
signed to  pass  salmon  upsti'eam  over 
the  dam  during  the  period  May  to 
November  each  year. 

A fairly  conventional  fish  ladder 
had  been  in  use  for  several  years  at 
the  Tobique  genei'ating  station  of  The 
New  Brunswick  Electric  Power  Com- 
mission prior  to  the  construction  of 
Beechwood  Development.  Since  the 
ladder  operating  experience  at  this 
plant,  located  on  a tributary  of  the 
Saint  John  River  upstream  from 
Beechwood,  was  deemed  satisfactory, 
it  was  first  proposed  to  constimct  a 
similar  reinforced  concrete  structure 
at  Beechwood  Development.  This 
structure  would  incorporate  a fish  col- 
lecting gallery  and  a ladder  of  alter- 
nating rises  and  rest  pools  conforming 
to  a 1 in  12  slope.  As  the  plant  dis- 
charge would  be  so  many  times  great- 


er than  the  discharge  from  the  col- 
lecting gallery,  it  followed  that  the 
gallery  entrances  should  be  located 
as  close  as  possible  to  the  larger 
flows  so  as  to  attract  fish  to  the 
smaller  flows  from  the  gallery.  Ac- 
cordingly, the  fish  collecting  gallery 
would  be  located  vertically  above  the 
draft  tubes  of  the  generating  station. 
The  importance  of  so  locating  the 
gallery  had  been  substantiated  by 
operating  experience  at  the  Tobique 
generating  station.  While  this  criteria 
could  be  easily  met  at  Beechwood, 
the  construction  of  a reinforced  con- 
crete ladder  in  the  space  available 
and  on  the  material  along  the  east 
river  bank,  and  the  necessary  conti'ol 
of  settlement  so  as  to  maintain  the 
required  slopes  would  be  difficult 
and  expensive.  Therefore,  alterna- 
tive facilities  were  investigated  and  a 
scheme  incorporating  a fish  collecting 
gallery  with  an  inclined  fish  elevator 
was  selected.  This  scheme  provided 
fish  collecting  gallery  facilities  iden- 
tical to  those  used  with  the  consid- 
ered ladder  arrangement.  Therefore 
it  could  be  expected  that  these  facil- 
ities would  attract  and  pass  as  many 
fish  as  would  the  original  ladder 
scheme.  It  offered  the  advantage  that 
the  fish  would  be  transported  over 
the  dam  thus  avoiding  the  physical 
strain  and  exhaustion  associated  with 
the  ladder  swim.  Settlement  and  con- 
struction difficulties  to  be  encountered 
by  a ladder  scheme  would  be  avoided 
and  the  resulting  economies  were  es- 
timated to  be  substantial.  At  the  same 
time,  it  was  realized  that  the  fish  hoist 
scheme  inherently  involved  the  risk  of 
possible  mechanical  breakdown  and 
introduced  a human  element  provid- 
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ng  additional  hazards  to  the  success- 
ul  passage  of  fish  not  usually  associ- 
ited  with  conventional  fish  ladders. 


ieneral  Arrangements  of  Structures 

i The  dam  structures  extend  from  the 
vest  to  east  bank  of  the  Saint  John 
River  and  consist  of  a concrete  bulk- 
liead  section  at  the  west  abutment 
ponnecting  with  a sluice  and  regulat- 
jing  section,  and  an  earth  embankment 
|it  the  east  abutment  connecting  with 
the  intake-powerhouse  section.  The 
fishway  is  located  between  the  intake- 
powerhouse  and  regulating  sections. 
(Fig.  1) 


General  Scheme  of  Facilities 


Fig.  4.— Arrangement  of  Fish  Hoist 


i A fish  collecting  gallery  is  located 
i-ilong  the  downstream  face  of  the 
Ipowerhouse  vertically  above  the  draft 
jtube  exits.  Fish  attracted  by  the 
plant  discharge  approach  the  power- 
Jhouse  and,  attracted  by  flow  from 
rthe  gallery,  enter  via  openings  located 
Jin  the  downstream  gallery  wall.  Tra- 
i veiling  westward  along  the  gallery, 
ifish  enter  a resting  pool  over  the  draft 
(tube  at  Unit  1.  From  the  resting  pool, 
the  fish  swim  along  a short  tunnel 
r entrance  to  the  skip  of  the  fish  hoist. 
J Once  in  the  skip,  the  fish  are  elevated 
) to  the  top  of  the  dam  and  spilled  into 
the  forebay  to  continue  their  migra- 
;;tion  up.sti‘eam.  (Fig.  2.) 

I Fish  Gallery 

I The  fish  collecting  gallery  is  lo- 
I catcd  along  the  downstream  face  of 
I the  powei’house  vertically  above  the 
I draft  tube  exits  to  take  full  advantage 
of  the  plant  flows  attracting  the  mi- 
grating salmon.  (See  Fig.  3.) 


Design  criteria  established  that  the 
floor  of  the  gallery  should  be  level 
and  at  least  4 ft.  lower  than  low  tail- 
water  during  the  period  June  1 to 
October  31,  the  duration  of  the  fish 
run  in  this  section  of  the  St.  John 
River.  Similarly,  the  walls  of  the  gal- 
lery should  be  high  enough  so  that 
at  least  2 ft.  of  freeboard  would  exist 
at  high  tailwater  during  the  same 
period.  Openings  were  to  be  provided 
in  the  downstream  wall  of  the  gallery 
and  were  to  extend  from  the  low  tail- 
w'ater  level  to  the  top  of  the  gallery 
w'all.  These  openings  were  to  be  6 ft. 
wide  and  located  approximately  30  ft. 
on  centres.  The  openings  were  to  be 
equipped  with  stop  logs  or  telescopic 
gates  to  provide  an  ovefflow  type  of 
discharge  during  all  tailwater  stages 
during  the  period  June  1 to  October 
31. 


Accordingly,  the  Beechwood  fish 
gallery,  constructed  of  reinforced  con- 
crete and  structural  steel,  measures  8 
ft.  wide  with  floor  elevation  175  ft. 
and  top  of  walls  at  elevation  187  ft. 
These  levels  correspond  to  an  operat- 
ing tailwater  range  of  elevation  179  ft. 
to  elevation  184  ft.  6 in.  Five  open- 
ings, 6 ft.  wide  with  sill  elevation  179 
ft.,  are  located  at  and  midway  be- 
tween the  centre  line  of  each  unit 
(i.e.,  35  ft.  centres).  Each  opening 
was  originally  equipped  with  4 in. 
X 12  in.  nominal  Douglas  fir  stop 
logs. 

At  the  centi'e  line  of  the  first  unit, 
the  gallery  turns  upstream  and  con- 
nects to  a resting  pool  located  be- 
tween the  draft-tube  roof  and  draft- 
tube  deck  upstream  from  the  galler\’. 
Since  this  section  of  gallery  is  directly 
over  the  draft  tube  gate  slot,  a remov- 
able water-tight  structural  steel 
closure  piece  fitted  to  the  draft  tube 
gate  well  forms  a segment  of  the  gal- 
lery floor  and  walls.  The  resting  pool 
measures  approximateh’  23  x 28  ft. 
An  adjustable-wme  fish  trap  is  located 
at  the  entrance  to  the  resting  pool  to 
discourage  the  fish  from  re-ontoring 
the  gallci}'  once  they  enter  the  resting 
area. 

.\  tunnel  cxmnects  the  resting  pool 
to  (he  fish-hoist  well.  .\  .second  adjust- 
able-vane fish  trap  is  kvated  in  the 
tunnel  to  discourage  the  re-entry  of 
the  fi.s'h  to  the  resting  pool  once  they 
aibanee  along  (he  tunnel  towards  the 
skip.  'I'liis  (r.ip.  identical  to  the  tr.ip 
between  (he  gallerx'  .nul  resting  iiool. 
consists  of  fort\'  xanes  3’-.;  in.  wide 
st.nuling  xeilie.dK'  to  eo\er  tlu  full 
r.inge  of  oper.iting  w.iti'r  lexols.  1 he 
x.nu's  .nt'  arranged  in  \'-lorination 
with  tlu-  .qu'\  dinx'ted  tow.uds  tlu 
w.iter  How.  l'wi'ntv  x.nies  ar=  ar 
r.inged  on  e.ieh  side  of  and  tlu 
sides  .ni'  in.  lined  là  tow.uds  ih. 


Fig.  5.— View  of  Fi.sh  Skip  and  Suspension  Frame 
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Fig.  6.— View  of  Trolley  in  Lowered 
Position.  Skip  Gate  Hoist  Drum  in  Cen- 
tre Foreground;  Hoist  Bar,  Compressed 
Bumper  Springs  Upper  Bight. 

direction  of  flow.  The  vanes  may  be 
adjusted  simultaneously  by  a control 
wheel  and  connecting  linkage  from  a 
fully  closed  position  to  a 3 in.  maxi- 
mum opening  between  vanes.  An  8 in. 
clear  opening  between  vanes  is  pro- 
vided at  the  apex  of  the  “V”. 

A 12  ft.  high  X 6 ft.  5 in.  wide 
■“closure”  gate,  consisting  of  a struc- 
tural steel  frame  covered  with  1 in. 
X 3/16  in.,  galvanized  steel  wire  mesh, 

Fig.  7.— Fish  Skip  Being  Baised  from 
Hoist  Well.  Locking  Frame  and  Lever 
on  Suspension  Frame— Centre  Fore- 
ground. 


The  skip  is  fitted  with  a closure 
gate,  12  ft.  high  x 6 ft.  5 in.  wfide, 
located  at  the  side  of  the  skip  in  line 
with  the  tunnel  entrance  gate  when 
the  skip  is  in  the  filling  position.  This 
gate  consists  of  a structural  steel 
frame  covered  with  1 in.  x 3/16  in. 
galvanized  steel  mesh.  In  line  with 
the  gate  and  within  the  skip,  a mesh 
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is  located  at  the  exit  of  the  tunnel 
entrance  to  the  skip.  This  gate  is 
raised  and  lowered  by  the  correlated 
operation  of  the  fish  hoist  gate  and 
drops  into  a recess  in  the  floor  of  the 
fish  hoist  well  when  in  the  open  posi- 
tion. The  gate  travels  9 ft.  vertically 
from  the  fully  open  to  fully  closed 
position,  weighs  640  lb.  and  is  suit- 
ably counterweighted  to  provide 
smooth  operation. 

The  Fish  Hoist 

The  fishway  section  of  the  dam 
structures  consists  of  a mass  concrete 
gravity  section  bulkhead  extending 
between  the  intake  and  regulating 
sections,  a concrete  retaining  wall  ex- 
tending between  the  powerhouse  and 
regulating  section  training  wall,  a fish 
hoist  well  formed  by  the  two  afore- 
mentioned components,  a feedwater 
stilling  basin  located  within  the  hoist 
well  and  a fish  hoist.  (Figs.  2 and  4) 

The  fish  hoist  may  be  generally  de- 
scribed as  an  inclined  elevator  con- 
sisting of  a cage-like  skip  suspended 
from  a trolley  which  travels  along  a 
pair  of  inclined  rails  extending  from 
the  powerhouse  and  tailrace  level  to 
above  the  crest  of  the  dam  and  fore- 
bay level. 

The  skip,  fabricated  from  structural 
steel  members,  measures  10  ft.  wide 
X 10  ft.  long  bottom  plan,  10  ft.  wide 
X 24  ft.  long  top  plan  and  is  12  ft. 
6 in.  high.  The  sides,  downstream 
face  and  a portion  of  the  top  are 
covered  with  1 in.  x 3/16  in.  galvan- 
ized steel  mesh.  (Fig.  5.)  The  spout 
or  spilling  side  and  the  bottom  are 
steel-lined  and  this  lining  is  extended 
up  all  sides  to  a height  of  1 ft.  6 in. 
from  the  bottom,  although  spilling 
slots  have  been  cut  at  1 ft.  from  the 
bottom.  The  spout  is  fully  lined.  This 
steel  lining  provides  a minimum  depth 
of  1 ft.  of  water  for  floating  the  fish 
during  the  hoisting  procedure  and 
also  retains  sufficient  water  when  the 
skfiD  is  tipped  in  the  spilling  position 
so  that  the  fish  are  ‘spill-floated”  into 
the  forebay.  The  V-shaired  spilling 
end  also  assists  in  meeting  this  re- 
cpiirement  in  the  latter  instance.  En- 
suring a suitable  depth  of  water  to 
float  the  fish  consistent  with  keeping 
it  to  a minimum  to  avoid  excessive 
hoist  capacity  is  of  course  the  objec- 
tive in  this  regard. 


covered  trap  is  provided  to  discour-i 
age  the  fish  from  re-entering  the 
tunnel  once  they  have  entered  the 
skip.  The  two  sides  of  the  trap  are 
inclined  at  45'’  towards  the  direction 
of  flow  and  an  eight-inch  opening  is 
provided  at  the  apex  of  the  “V”. 

The  skip  is  suspended  from  the 
trolley  by  means  of  structural  steel 
framing,  designed  to  incorporate  pivot 
points  and  guide  bars  which  enable, 
the  skip  to  be  tipped  from  the  hori-' 
zontal  to  approximately  54°  in  the 
spilling  position.  The  skip  is  in  the 
horizontal  plane  when  being  filled, 
hoisted  and  lowered. 


The  trolley  consists  of  a structural 
steel  frame  mounted  on  four  15  in. 
double-flanged  wheels  (two  per  side) 
and  incorporates  operating  mechan- 
isms for  tipping  the  skip  and  raising 
or  lowering  the  closure  gate. 

The  trolley  runway  consists  of  45 
lb.  ASCE  rails  mounted  on  15  in. 
@ 50  lb.  channels  overlying  24  in. 
Ts  @ 79.9  lb.  The  twin  rails  are  12 
ft.  6 in.  on  centres  and  the  runways 
span  between  the  hoist  tower  at  the 
crest  of  the  dam,  two  steel  bents  24 


Fig.  8.— Fish  Skip  in  Transit  Upstream 
—looking  downstream 
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Fig.  11.— Side  View  of  Fish  Skip  in  Spilling  Position.  Tipping  Roller  Engaging 
Spilling  Edge  of  Skip— Left  Foreground 


. . 

Fig.  10.— Fish  Skip  in  Spilling  Posi- 
tion 


open  during  the  hoisting  or  spilling 
operation.  W'hen  the  hoist  bar  comes 
in  contact  with  the  hoisting  bumpers 
and  has  fully  compressed  the  bumper 
springs,  the  trolle>'  and  suspended 
skip  eommence  to  travel  up  the  in- 
clined runway  at  a hoisting  speed  of 
50  f.p.m.  When  the  skip  approaches 
the  top  of  its  tra\el.  the  upper  lead- 
ing edge  of  the  skip  engages  a tipping 
rolk'r  fitt('d  to  the  hoist  tower.  Just 
prior  to  this  instance,  a le\er  releast's 
a locking  Iranu'  which  kct'ps  the  skip 
in  the  hori/ontal  plane  during  hoist- 
ing. (Fig.  7)  .\s  till'  trolle\  eoutinnes 
to  inoM-  npwai'ds  with  the  locking 
Ir.inu'  rele.ised  and  tlu-  le.ttling  edge 
eng.iged  In  the  tipping  roller,  tin' 
skip  jiitots  lorn  aril  .ihout  the  suspen 
sion  Iranu'  siiilling  its  vontents  into 
the  loreh.u.  ■,  I' igs.  S to  12  inelusite.  f 

hen  lowering,  the  skip  returns  'o 
the  hori/onl.il  position,  the  le.ki'ie 
Ir.une  is  ri'-eng.igt  d .uul  tin  skip  tni 
\els  down  the  rnnw.i\  to  tl:.-  lowin.' 
position.  As  it  le.iehcs  th.e  lowvn.l 
imsition.  the  g.ite  l.itehiin,  '.-ve-  is 
rele.ised  .nul  tin  skip  u-i:.  i .es 
the  enti.inee  tnniul  c.ile  tin- 

weigh:  ol  the  skip  is  '..e.i  : n '.e 


j Fig.  9.— Fish  Skip  at  Top  Level  Just 
I Prior  to  Spilling  Procedure 

i 

i 

I in.  WF  @ 110  lb.  located  approxi- 
mately  at  the  third  points,  and  the 
I concrete  retaining  wall  downstream 
I of  the  fish  hoist  well.  The  runways 
v;  are  inclined  36°  4'  2"  to  the  hori- 
■|  zontal  plane.  Operating  levers,  mount- 
I;  ed  on  the  runway,  and  limit  switches 
* are  provided  to  initiate  and  control 
the  various  operating  features  of  the 
hoist  and  skip. 

Structural  steel  hoist  towers  are 
located  at  the  crest  of  fhe  dam  and 
serve  to  support  the  upper  runway 
span  and  house  the  hoisting  machin- 
ery. (Fig.  12)  Also  fitted  to  the 
tower  is  a tipping  roller,  which  en- 
gages the  skip  during  the  tipping 


operation  for  spilling.  A 50  hp.  1090 
r.p.m.,  550  V,  three  phase,  60  cycles 
electric  motor,  acting  through  suitable 
gear  trains,  drives  the  twin  24  in. 
diameter  drums  of  the  hoist.  Two  % 
in.  diameter  x 6/19  improved  plow 
steel  wire  ropes  from  the  drums 
thread  through  24  in.  diameter 
sheaves  at  the  head  of  the  tower  and 
connect  to  a hoist  bar  fitted  to  the 
trolley  frame.  The  hoisting  mechanism 
installed  is  manual-controlled,  but 
provisions  have  been  made  for  later 
installation  of  automatically-timed 
operation. 

Operation  of  Fish  Hoist 

In  the  lowered  position,  the  trolley 
rests  against  stop  blocks  or  bumpers 
at  the  base  of  the  runways.  The  skip 
gate,  engaged  via  levers  to  the  tun- 
nel entrance  gate,  is  in  the  lowered 
open  position  and  fish  may  enter  the 
skip  from  the  tunnel  entrance. 

As  hoisting  commences,  the  hoist 
ropes  pull  the  hoisting  bar  on  the 
trolley  frame  upwards  towards  hoist- 
ing bumpers  ultimately  compressing 
bumper  springs,  whose  significance 
will  be  noted  later.  (Fig.  6)  As  the 
hoisting  bar  moves  upwards,  flexible- 
wire  ropes  connecting  the  bar  to  the 
gate  hoist  drum  tighten  and  cause  the 
drum  to  rotate,  raising  the  skip  gate. 
As  the  weight  of  the  skip  gate  is 
lifted,  the  entrance  tunnel  gate  raises 
to  the  closed  position  under  action  of 
the  counter-weight.  A latching  device 
engages  the  skip  gate  in  the  raised 
position  to  ensure  that  it  does  not 
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runway  bumpers,  the  compressed 
springs  on  the  trolley  bumpers  plus 
the  weight  of  the  gate  cause  the 

Year 

1957  (Fishway  placed  in  service  by  August.) 

1958  ' 

1959  


hoisting  bar  to  continue  its  travel 
down  the  incline,  thus  unwinding  the 
gate  hoist  dram.  The  combined 
weight  of  the  skip  gate  and  engaged 
entrance  tunnel  gate  overcome  the 
counterweight  on  the  tunnel  gate,  and 
both  gates  lower  to  the  open  position. 
Limit  switches  are  suitably  located  to 
control  the  operation  of  the  hoist  ma- 
chinery. 

Au.xiliary  Equipment 

Design  criteria  established  that  a 
flow  of  12  c.f.s.  per  gallery  opening 
would  be  required  and  that  seldom 
more  than  one  and  at  the  most  two 
openings  would  be  used  simultane- 
ously. Accordingly,  a 12  in.  water 
supply  pipe  is  installed  from  tlie  fore- 
bay to  the  fish  hoist  well  which  sup- 
plies a maximum  of  17  c.f.s.  at  the 
minimum  head  condition.  The  main 
water  supply  pipe  discharges  through 
a diffuser  into  a stilling  basin  located 
in  the  fish  hoist  well.  Water  flows  to 
the  fish  hoist  well  over  a weir  in  the 
basin  wall  and  a throttle  valve  is  con- 
veniently located  in  the  vicinity  of 
the  stilling  basin  to  control  the  dis- 
charge. A 10-in.  make-up  water  line 
is  installed  from  the  forebay  to  dis- 
charge into  a diffuse!'  pit  located  be- 
tween the  second  and  third  openings 
of  the  fish  gallery. 

Drains  are  provided  throughout 
the  facilities  to  empty  the  hoist  well, 
stilling  basin,  resting  pool  and  gal- 
lery. 

Air  supply  connections  to  the  water 
supply  lines  are  provided  to  clear 
blocked  intake  screens.  An  air  blast 
line  is  also  provided  at  the  entrance 
tunnel  gate  well  to  clear  debris  which 
may  gather  in  this  recess. 

Walkways  and  ladders  are  installed 
to  make  all  facilities  readily  access- 
ible. 

Operating  Experience  Since  Placed  in 
Service 

Only  time  will  determine  whether 
the  Beech  wood  fish  passing  facilities 
adequately  serve  their  intended  pur- 
pose. Results  to  date  are  encouraging. 


Recorded  counts  of  salmon  raised  by 
the  Beechwood  fish  hoist  since  placed 
in  seraice  are  as  follows: 

Total  Number  of  Salmon  Passed  by  Hoist 


1,127 
4,565 
2,588 
2,688 

279  salmon* 

241  salmon 

804  salmon* 

616  salmon 

1,007  salmon* 

886  salmon 

1,824  salmon 

The  unusually  large  counts  of 
salmon  at  Beechwood  during  the  last 
part  of  August  and  September,  1958, 
(denoted  by  asterisks)  may  be  ex- 
plained by  the  extremely  high  water 
conditions  during  the  previous  10-day 
period.  During  this  time,  the  fishway 
collection  gallery  and  skip  hoist  were 
completely  submerged.  Very  strong 
currents  and  eddies  caused  by  high 
river  flows  prevailed  in  the  vicinity 
of  the  gallery  and  salmon  were  un- 
able to  find  the  relatively  small  flow 
from  the  submerged  gallery  entrances. 
Undoubtedly,  the  rise  in  water  levels 
and  flows  encouraged  the  salmon  to 
move  up  to  the  tailrace  area  from 
holding  pools  below  and,  being  un- 


able to  discover  the  gallery  entrances, 
the  salmon  congregated  in  large  num- 
bers immediately  below  the  dam.  As 
the  tailrace  level  dropped,  the  attrac- 
tive flow  from  the  gallery  became  evi- 
dent to  the  salmon  in  the  area  and 
the  large  number  recorded  entered 
the  fishway.  After  about  a week,  the 
run  dropped  off  near  the  expected 
normal.  Accordingly,  the  alternate 
1960  figures  are  probably  more  repre- 
sentative. 

Although  no  counts  of  salmon  pass- 
ing the  Beechwood  site  are  available 
for  years  prior  to  1957,  the  numbers 
were  estimated  to  be  approximately 
twice  the  number  ascending  the  To- 
bique  fish  ladder.  Tobique  salmon 
counts  are  as  follows: 

1953  4,656  salmon 

1954  4,984  salmon 

1955  3,776  salmon 

1956  3,724  salmon 

1957  569  salmon 

1958  2,635  salmon 

1959  949  salmon  (plus  755  trans- 

ported from  Beechwood 
by  truck) 

1960  1,120  salmon  (plus  1,089  trans-  I 

ported  from  Beechwood  by 
truck) 

It  is  evident  that  the  estimated 
salmon  ran  at  Beechwood  has  not 
been  realized.  Department  of  Fish- 


Fig.  12. 

Fish  Skip  in 
Spilling  Position- 
Hoist  Tower, 
Housing 
and  Sheaves 
Right  Foreground. 


1960 

Maximum  number  of  salmon  raised  for: 

One  day  — August  31,  1958 

.luly  10,  1960 

One  week  — Aug.  31  to  Sept.  6,  1958 

.July  10  to  .luly  16,  1960 

Any  7-day  period — Aug.  30  to  Sept.  5,  1958 

.July  5 to  .July  11,  1960 

One  month  — .July,  1960 
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eries  representatives  believe  that  the 
runs  are  below  normal  as  a result  of 
mortalities  to  juvenile  fish  received 
from  the  DDT  forest  spraying  opera- 
I tions  on  the  Tobique  and  adjacent 
' watersheds  in  the  years  1953-55-57 
and  58.  The  size  of  run  is  expected 
to  be  minimal  through  1961  but  is 
forecasted  to  increase  thereafter. 

While  the  above  data  has  referred 
exclusively  to  salmon,  it  is  interesting 
to  note  that  some  21  species  of  fish 
utilize  the  fishway  to  varying  degrees 
throughout  each  operating  season. 

It  has  been  one  of  the  principal 
objectives  of  the  Department  of  Fish- 
lerics  to  establish  an  operating  regi- 
men for  the  fish  facilities  at  Beeeh- 
iwood  with  a view  to  placing  the 
fishway  on  automatic  operation  with 
fish  counts  automatically  recorded. 
Operating  experience  to  date  indicates 
jthat  salmon  enter  the  collection  gal- 
ery  and  skip  hoist  satisfactorily  at 
•iver  flows  between  10,000  c.f.s.  and 
20,000  c.f.s.  and  taih'ace  levels  near 
184  ft.,  provided  that  the  water  flow 
to  the  fishway  is  maintained  above  24 
c.f.s.  for  one  entrance  and  the  veloci- 
ty is  4 ft.  or  more  per  second.  An 
auxiliary  intake  water  supply  line, 
connected  to  the  main  water  supply 
for  operating  the  fishway  at  low  fore- 
hay  levels  during  construction  prior 
to  raising  the  forèbay,  has  served  to 
meet  this  increased  flow  requirement 
al)()ve  original  estimates.  However,  an 
additional  feedwater  source  is  being 
considered  in  order  to  enable  more 
gallery  entrances  to  be  operated  sim- 
ultaneously. 

While  entrance  shape  to  the  gal- 
leiy  docs  not  appear  to  be  critical, 
location  does,  being  at  its  best  near 
or  over  an  operating  turbine.  Various 
types  of  entrances  to  the  collection 
gallery  have  been  devised  and  experi- 
mented with  in  actual  service.  These 
include  a simple  weir  type  of  varying 
depths  and  widths,  underwater  ori- 
liees  ol  varying  tvpes  and  shapes  and 
a lull  depth  slot.  Continued  exix'ii- 
meiitation  to  determine  which  size, 
shape  and  location  works  most  ellici- 
enlly  lor  Narious  species  under  vary- 
ing c-ondilions  of  flows  and  levels  is 
planned  lor  the'  future.  'I'o  date,  an 
underw ater  iiwerte'd  triangular-shaped 
orifice,  approximatc'ly  6 It.  wide  by 
18  in.  deep,  a[ipear.s  to  be  most  satis- 
laetory  (or  salmon.  'This  orifice'  e)pe'r- 
.iles  (piite'  e'llie'ie'ntlv’  unele'r  a lairK’ 
('\lensi\e'  tailrace'  le've-l  range'  without 
adjnstme'nt.  I le)we'\  e'r,  the-  aim  is  to 
(inel  an  e'litiane'e'  most  ge'iu'ialK'  siiile'el 
to  all  impen  tant  spe'e'ie's,  anel  w hie'h 
can  be'  fished  with  as  little  aeljostmeni 
and  atlentie)n  as  pe)ssibh’. 

I he  salmon  lallbae'k  is  low  but 


nevertheless  significant,  about  8%.  It 
is  suspected  that  most  of  this  is  due 
to  fatigue  of  the  fish,  resulting  from 
handling  in  the  fish  hoist  due  to  in- 
vestigational procedures  rather  than 
features  of  the  facilities  themselves. 

Modifications  to  Fish  Hoist  and  Facilities 
as  Result  of  Operating  Experience 

Because  of  the  necessity  for  fre- 
quent changing  of  the  gallery  en- 
trances and  experimentation  with 
types  and  shapes  of  orifices,  lighter 
and  more  easily  handled  stop  logs  of 
2 in.  X 3 in.  framing  faced  with  % 
in.  plywood  were  installed  to  replace 
the  original  Douglas  fir  logs. 

A new  set  of  stop  logs  was  in- 
stalled between  the  tunnel  enti'ance 
to  the  skip  and  resting  pool  to  enable 
the  hoist  wdl  to  be  drained  independ- 
ently of  the  remainder  of  the  fishway 
facilities. 

A permanent  sliding  metal-screened 
top  and  lock  was  installed  at  the 
open  mouth  of  the  skip  hoist  to  pie- 
vent  salmon  or  other  species  from 
swimming  or  jumping  out  of  the  skip 
into  the  fish  hoist  well  when  operat- 
ing during  high  tailwater  levels.  Con- 
siderable difficulty  had  been  experi- 
enced in  this  regard  prior  to  the 
modification. 

A small  open  shelf  originally  e.\- 
isted  above  the  fish  trap  in  the  skip 
which  tended  to  strand  fish  when 
water  levels  in  the  hoist  well  dropped 
suddenly.  This  shelf  was  screened 
ofi’  to  the  top  level  of  the  skip. 

The  skip  hoist  floor  was  divided 
by  1 ft.  high  steel  walls  into  four 
full  length  sections  to  facilitate  dip- 
ping of  the  fish  for  tagging  or  exam- 
ination and  to  assist  counting  of  the 
catch. 

Contcinplatccl  Modifications  to  tlic 
Fishway 

In  1958,  a large  number  of 
salinon  w'ere  found  to  have  sounded 
below'  the  level  of  the  collec- 
tion gallery  and  surfaced  in  the 
blind  pools  abo\(i  the  draft  tube  roof. 
.'\ltbougli  I'scapc'  was  possible  by  tlu' 
rc'vt'i'sc'  route,  tiu'  (isb  i-ontiiuu'd  to 
swim  lu'ar  tlu'  siu'lac'i'  and  did  not 
find  tlu'ii'  way  out  lor  some  time. 
.■\u\iliai'\'  cntiaiu'i's  in  tIu'  upstit'am 
w all  of  the  gallci  \ might  ba\  c 
a\'oidcd  the  ilclay  ol  thes»'  fish.  Since 
this  situation  has  not  rccuncil  to  an\ 
great  ('\tent,  the'  addition  ol  .m\ili.u\ 
eulrauees  is  being  lu'ld  in  ab»'\.uu'e 
lor  tIu'  present,  llowcxer.  imidi'men- 
taliou  ol  the  sebenu'  will  be  eonsid 
ert'd  if  au\  eom'i'ulratiou  ol  lisb  .qv 
p('ar  in  tiu'se  au'.is  in  tlu'  luturi'. 


As  was  previously  mentioned,  an 
additional  water  supply  to  the  facifi- 
ties  is  being  considered  to  permit  the 
use  of  a greater  number  of  gallery 
entrances. 

The  raising  of  the  gallery  walls 
(approximately  3 ft.)  is  being  exam- 
ined with  a view  to  operating  over  a 
wider  range  of  tailwater  levels. 

Automatic  operation  of  the  hoist 
and  counting  methods  are  being  con- 
sidered. Provision  for  these  facilities 
was  made  in  the  original  design. 

Conclusion 

It  will  be  noted  that  these  facilities 
provide  for  passage  of  fish  upstream 
over  the  dam  only.  To  return  to  the 
sea,  the  fish  must  pass  the  dam  via 
spillway  facilities  or  through  the  tur- 
bines. Discussion  in  this  regard  has 
been  omitted  since  this  specialized 
subject  is  thoroughly  considered  in 
another  paper  ijresented  at  this  meet- 
ing. 

Facilities  of  this  nature  must  ne- 
cessarily be  adapted  to  operating  ex- 
perience gained  after  installation.  Sev'- 
eral  years  of  operation  are  required 
before  the  true  measure  of  adequacy 
can  be  determined.  To  date,  the  oper- 
ation of  the  Beechwood  fish  hoist  is 
considered  encouraging. 

It  is  hoped  that  the  foregoing  will 
be  of  interest  and  use  to  engineers 
faced  with  the  similar  task  of  provid- 
ing facilities  to  pass  fish  over  power 
dams  or  other  structures  constructed 
in  rivers  frequented  by  anadromous 
species  of  fish.  While  development  of 
our  natural  hydraulic  resources  is 
essential,  the  engineer  must  pay  care- 
ful attention  to  and  provide  for  the 
preseiwation  of  the  natural  wildlife 
which  exists  in  the  ri\  ers  and  streams 
on  which  he  builds. 

.\cknowlcd5;cinents 

Tbc  Bcccbwood  Dcx'clopmcnt  is 
owiu'tl  and  operated  by  Tbc  New 
Brunswick  Electric  Power  Commis- 
sion. The  general  contractor  w-as 
Foundation  Company  of  Canada  Lim- 
ited and  the  project  was  designed  b\' 
The  Sbawinigan  Engineering  (iom- 
pan\  Limited.  The  fish  hoist  was  de- 
signed in  close  a.s.socialiou  with  the 
Department  ol  I'isheries  aiul  w.is  fab- 
rieati'd  by  Dominion  Ihid.ge  Com- 
p.uu  Limite!.!,  llu'  author  gr.vtefulb 
.K'know  li'dges  the  kind  assistance  la- 
reived  in  the  piv'paration  of  this 
p.iper  Iront  Mr.  B.  E.  Iwt'i'rldah'  eil 
Tlu'  Ni'w  Brnnswiek  Ivk'etrie  Pitwer 
(Commission.  Dr.  \ 1.  I’riteb.nd.  Dr 
B.  B.  Loggie.  Mr  i.  \.  v Wils.-. 
.nul  Mr.  K.  F.  II.  .''mith  .i|  tbi'  De 
p.nlment  i>l  Fisheries.  Eic 


tHE  ENGINEERING  JOURNAL  fe|(i  MARCH,  1962 


4S 


“THERMAL  WEDGE 

IN 


HYDRODYNAMIC  LUBRICATION” 


John  Young, 

Assistant  Professor,  Department  of  Mechanical  Engineering 
The  University  of  British  Columbia,  Vancouver 


The  general  Reynolds  equation  and  the  energy  equation  which 
govern  the  thermal  wedge  mechanism  are  solved  in  this  paper 
in  three  ways,  showing  the  effect  of  certain  initial  assumptions 

in  the  analysis. 


Presented  at  the  75th  E.I.C.  Annual  General  Meeting,  Vancouver,  May  1961„ 


ON  SEVERAL  occasions,  thrust  bear- 
ings composed  of  flat  parallel  sur- 
faces have  shown  indications  of  fluid 
film  lubrication  in  contradiction  to 
classical  lubrication  theory  which  re- 


Fig.  1.  Sector  Pad  and 
Rectangular  Transformation 


requires  a “taper  wedge,”  or  geometrical 
restriction  in  the  direction  of  flow.  High 
load-carrying  capacities,  in  the  order  of 
1,000  Ib./in.^,  have  been  reported  for 
parallel-surface  bearings  by  Newbigin^ 
and  by  Fogg-.  An  explanation  of  this 
phenomenon  suggested  by  Fogg  is  that 
a “thermal  wedge”  is  formed  due  to  a 
temperature  gradient  around  the  bear- 
ing in  the  direction  of  motion,  the 
restriction  of  flow  being  caused  by  an 
expanding  volume  of  fluid  passing 
between  parallel  plates. 

This  suggestion  caused  subsequent  re- 
examination of  the  Reynolds  equation 
and  several  solutions  were  produced  in 
which  the  assumption  of  mass  contin- 
uity through  the  bearing  rejilaced  the 
former  assumption  of  volume  continuity, 
thus  taking  account  of  the  expansion  of 
the  lubricant.  In  spite  of  a convincing 
amount  of  theoretical  work  produced 
since  Fogg’s  paper,  there  still  remains 
some  dubiety  about  the  existence  and 
effect  of  a “thermal  wedge”  in  an  actual 
bearing,  because  no  positive  correlation 


between  theory  and  experiment  has  yet 
been  made.  The  new  solutions  to  the 
Reynolds  equation  could  not  be  checked 
against  experimental  results  because  the 
amount  of  published  data  was  small  and 
incomplete  due  to  the  unreliable  nature 
of  the  parallel-surface  bearing,  and 


Fig.  2.  Grid_Notatioii 
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generally  the  solutions  themselves  were 
obtained  by  making  simplifying  assump- 
tions— in  particular,  the  common  as- 
sumptions of  constant  viscosity,  and  of 
an  infinitely  wide  bearing — which  have 
little  physical  justification  and  which 
make  comparisons  difficult. 

In  this  paper,  the  general  Reynolds 
equation  and  the  energy  equation 
governing  the  thermal  wedge  beha\’iour 
(derived  by  Cope®)  are  solved  in  three 
ways,  illustrating  the  effect  of  these 
assumptions.  From  these  solutions, 
theoretical  performance  curves  are  ob- 
tained which  can  be  applied  directly  to 
an  actual  bearing. 

Theory 

In  the  present  notation,  the  well- 
known  equations  of  Cope  governing  the 
thermal  wedge  behaviour  between  paral- 
lel surfaces  are  : 

d ( ph^  dp\  d / ph^ 
dx  \]2y  dxj  dy  \12y  dy/ 

-m) 


Fig.  3.  Pressure  and  Temperature  Curves  along  Central  Arc 
(Calculated  by  3 methods) 


crp./ 


Uh  _ m 

2 12y  dxJ  dx 

( dp\  dt 
\12t)  dy/  dy_ 

12v 


.solution  is  similar  to  that  of  Osterle, 
Charnes  and  Saibel.'* 


The  governing  equations  become 


/ dpV 

( T — ) “h 

(^Y 

u\ 

H — j — ■ 

d 

~ plJh 

//  d p 

_\dx/ 

\dy/  _ 

h 

di 

2 

\2v  dx_ 

and 


(5) 


I'lquation  ( I ) is  the  general  Reynolds 
(‘((uation  including  the  effecd  of  varia- 
tions in  density,  and  equation  (2)  is  an 
eiu'fgy  ('(juation.  These  eeiuations  were 
deriv(‘d  from  tlu'  fundamental  equations 
of  flow — th('  (‘(Illation  of  mass  con- 
tinuity ; th('  momentum  or  Navier- 
St()k('s  ('(juations,  and  a compk'ti'  energy 
e(|ua,ti()n  by  making  siinjilifications 
only  after  careful  conside'ratiou  of  the 
order  of  magnitude  of  the  terms  in- 
I'oU'cd.  Since'  the'se  (‘([initions  contain 
four  unknown  ([uantitie's,  two  furthe'r 
(‘(juations  ari'  r(‘(|uii'('(l.  It  will  b(‘  as- 
simu'd  that  both  density  and  idseosity 
are  fuuelions  of  temjK'rature'  only  and 
can  be  (‘Npri'ssed  thus  : 


12y(/.rJ  dx 


_ll_  / diX  v'-v 

\'lv\dx)  h 


(b) 


Feiuation  (.0)  can  be  int(‘grat(‘(l  to  give 
th(‘  pri'ssure'  (‘([nation  as 


(7) 


and  substituting  for  dp  ilx  in  (‘([nation 
(6)  and  sim|)lifying 


dl 

dx 


Irap,,,,/ 


(S) 


p = pii(l  — XI)  (3) 

r = ('(!('  ( T) 

lùir  a eom[)ie|.(‘  solution,  lh(‘S(‘  four 

(‘([nations  must  b(‘  eonqialible',  and 

should  b(‘ solv(‘d  simultaïu'oiisly . 

Methods  of  .Solution 

Sdhdioti  fur  Xd  Sidr  /.cu/.'ui/e  ; Tlu' 
siiu|)lesl  solution  is  obtaine'd  by  assum- 
ing an  infinitely  wide'  be'aring.  in  whieh 
I here'  is  no  side'  U'akage'  and  \ arial  ions  in 
lli(‘  axial  direction  can  be'  lu'gle'e'ti'd.  'This 


'I'lu'  subseri[)t  in  ri'fi'rs  to  the'  [loint  in 
tiu'  b(‘aring  wla'i'e'  dp  dx  (t.  i.i‘.  at  thi' 
[loint  of  maximum  |)r(‘ssui’e.  I'lu'  densitx 
and  \ iseosity  (‘([nations  (3)  and  it)  are' 
now  introduced  to  gi\ e a fter  intégrât  ion 
and  sinqifiticat ion. 

/ In  (dx  + I)  ('." 

P 

where 

/I'V./ P-, 

and 


p = Pm  — ^XaJpm{t  — tm)'  (10) 

The  end  conditions  are 

/)  = 0 at  X = 0,  L 
and  t = 0,  tz. 

Thus 

tx  =^ln  {GL  + 1)  (11) 


and 

p,n  = ^XaJpJX 

'I'lu'se  (‘([nations  for  I and  /»  are  lati'f 
(‘valuate'd  for  a [larf  ieiilar  .set  of  operat- 
ing conditions  and  eom])ared  to  the 
value's  obtaiui'd  by  tlu'  following  two 
solutions. 

Sol  lit  Inn  hy  II  Ix’rinxnlin!;  M<li'  ■:  A 
rigorous  .solution  of  tlu'  gox'erniug  ('qua- 
tions be'ing  impractical,  tlu'  most  ac- 
curate' re'sults  are'  obtaine'd  by  a numi'ri- 
eal  nu'lhod.  tfiu'  such  me'tla  el  is  a re- 
laxation [Udce'Ss  first  applie'd  le  fill'-i- 
eatiou  by  Christo|iht'rsou.' 

F([uati(ms  el'  and  .2-  are'  rewritt  ’ 
in  polar  eoonliuati-s.  rete'rrmu  t - a 
se'ctor  pad.  Fig.  1.  with  bouiula"e.- 

fi  0 and  <1  .•ei'l 
and 

rile'  l\e\  nolds  I'eiuation  bc-  eu  - 
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d ( h^p  dp\  d / h^p  dp\ 

50  \ y 50/  ^^dr\v  ^ dr) 

= Qwr^~(ph)  (12) 

and  the  energy  equation 

{/ wh  1 //  5^^  dt 

■’‘"’KY^^YivTeJde 

dp  dt) 

~^vlh'di) 

_]l_  1(^^Y  — 

12i;  (\5r/  \50/)  h 

(13) 

The  two  equations  are  then  reduced 
to  a non-dimensional  form  and  the 
sector  pad  transformed  to  a rectangular 
pad  by  the  following  substitutions  ; 


Let 


p = P 


Gî'owaro 


p = Dpü  ; 

and  V = Mco 

and  change  the  variables  putting 


0 = Qa 


otR 

r = roe 


The  equations  now  become 


50  \M  50/  ^ dR  \M  dRj  ^ 50 

(14) 


and 


e "“"5/A  dt 
M de) de 


( e 5P\  dt 

V M dRJ  dR 


G^owaro 
J poffh^ 


(15) 


These  equations  relate  to  a rec- 
tangular pad,  Fig.  1,  with  boundaries 


0=0  and  1 

1 ri 

P = 0 and  - In  — 
a.  To 

Pressure  Equation. 

Using  the  method  of  Christoplierson, 
the  pressure  equation  can  be  written  in 
a finite  difference  form 


which  gives  the  pressure  parameter  Pc 
at  any  point  C on  a grid  of  mesh  size 
“a”.  The  summation  sign  refers  to  four 
points  equally  spaced  around  C at  the 
intersections  of  the  grid,  Fig.  2.  One 
equation  of  this  type  is  obtained  for 
each  intersection,  e.xcept  at  the  boun- 
ilaries  where  the  pressure  is  zero,  giving 
a set  of  simultaneous  equations  which 
may  be  solved  to  obtain  the  complete 
pressure  distribution.  The  rela.xation 
process  as  described  by  Christopherson^ 
and  others  is  suitalrle  for  this  tj^pe  of 
proljlem. 

Briefly,  any  value  is  assumed  initially 
for  the  pressure  distribution,  and  on 
substituting  the  assumed  pressures  in 
equation  (IG),  in  general  the  equation 
will  not  equal  zero,  but  some  value  F, 
called  the  residual.  The  relaxation  pro- 
cess inx'olves  altering  the  assumed 
pressure  values  at  each  point  by  AP 
until  all  the  residuals  are  zero  or  reduced 


to  a negligible  quantity.  The  effect  of  a 
change  AP  on  the  residuals  is 


■z 


AP 


at  each  point  which  is  altered  and 


at  each  surrounding  point  n.  These 
factors  are  called  the  influence  co- 
efficients, (Ice  and  Uen- 


Energy  Equation 

The  energy  equation  (15)  can  be 
referred  to  the  same  grid  and  written 
in  the  form 


1 \e 


Dc  Me 


Pi -Pi 

2a 


P2-P. 

2a 


, Me  •2afl(  Gyocoerro 
‘ JpoaP- 


(17) 


This  equation  gives  the  temperature 
distribution  for  a known  or  assumed 
initial  pressure  distribution. 

Starting  at  the  inlet  edge  where 
t = 0 and  D/M  = 1,  and  using  an 
approximation 


t - tc 
a 


for  the  initial  step,  the  temperatures 
along  the  first  row  may  be  determined, 
assuming  that  the  pressure  distribution 
is  known.  Substituting  these  newly 
established  \’alues,  row  1,  and  the  pre- 
vious values,  row  0,  in  equation  (17), 


Fig.  4. 

Pressure  and  Température  Distribution  over  a 
Sector  Pad  (Helaxation  Method — Solution  2) 


Fig.  5. 

Pressure  Distribution  over  a Sector  Pad 
(Solution  3) 
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the  temperatures  in  the  succeeding  row 
2 may  be  obtained.  Viscosity  and  den- 
sity ratios,  M and  D,  are  obtained  for 
jeach  new  set  of  temperatures  from  the 
[appropriate  viscosity  and  density  curves 
for  the  particular  oil  used.  Using  this 
|step-by-step  procedure,  temperatures 
are  found  along  the  length  of  the  bearing. 

To  solve  the  problem  completel}^,  the 
two  systems  must  be  compatible.  As  a 
finst  approximation  the  pressure  dis- 
tribution is  taken  as  zero  all  over  the 
bearing,  and  the  resulting  temperature 
distribution  is  calculated,  say  ^i.  Corres- 
ponding to  a temperature  distribution 
,ti,  a pressure  distribution  Pi  is  obtained 
by  applying  equation  (16).  Using  the 
'new  pressure  distribution  Pi,  a new  set 
jof  temperatures  h is  evolved  and  from 
it,  a pressure  distribution  P2.  This  pro- 
cess could  be  repeated  indefinitely,  but 
it  is  found  that  in  general  h and  P2  are 
clo,se  to  the  required  solutions. 


PiSTOM  Tmcsust  Steel  Loading  MvoOAULiC  Oil  Supplv  Oil  Supply 


Load  Carrying  Capacity 
The  load  carried  by  the  sector  pad  is 
obtained  by  integrating  the  pressure 
over  the  area  of  the  pad. 


Load  W per  pad 


’’l 

J Tq 


“a 

pr  dd  dr 
J 0 


(18) 


Changing  the  variables  and  limits  of 
int('gration  by  the  transforms  previously 


employed 

•1 

Pe-^^'dedR 

0 

(19) 

This  may  be  integrated  numerically  over 
the  equivalent  rectangular  area  by  an 
application  of  Simpson’s  1/3  Rule  in 
two  directions. 


11 


, per  pad  = 


p d 4 

browa  ro 


Fig.  7.  Thrust  Bearing — 2 Groove  Bearing 


Fig.  8.  Fxperinienlal  'reinperaUirc  Gra<licnls — 4 Groove  Bearing 
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General  Solution  Taking  Account  of 
Side  Leakage  : In  a parallel  surface 
thrust  bearing  with  a small  number  of 
grooves,  the  length-to-breadth  ratio  maj' 
be  quite  large  and  the  effect  of  side 
leakage  is  considerable.  Although  numer- 
ical and  computer  solutions  take  side 
leakage  into  account,  a separate  calcula- 
tion is  required  for  each  change  in  the 
running  conditions  of  a given  bearing.  It 
is  desirable,  therefore,  to  derive  a general 
solution  wdiich  includes  the  effect  of 
flow  in  two  dimensions,  even  at  the 
expense  of  making  certain  simplifications 
in  other  terms  of  the  governing  equa- 
tions. 

Consider  a sector  pad  of  a circular 
bi'aring.  Fig.  1,  for  which  the  governing 
equations  in  polar  co-ordinates  are 
equations  (12)  and  (13). 

It  is  necessary  to  make  two  simplifica- 
tions : 

1.  Assume  constant  kinematic  vi.s- 
cosity,  v/p.  Although  this  assunqition 
cannot  be  justified  physically  as  the 
variation  of  viscosity  with  temi)erature 
is  an  im])ortant  factor  in  the  jicrform- 
ane('  of  a bearing,  it  is  interesting  to 
observe  tlie  effect  of  this  a.ssumption  by 
making  numerical  eonqiarison  later  with 
the  i)revious  two  .solutions. 

2.  .\ssume  no  variation  of  temi)era- 
turc'  in  tlie  radial  direction.  This  as- 
sumption  ap|)ears  to  be  more  reasonable 
in  i)raetiee  than  in  theory  because'  it  is 
ob.served  exiierinu'utally  tliat  wlien 
steady  running  conditions  an*  aehie'vi'd. 
te'inpcrature  gradients  in  tlu'  radial 
diri'clion  an-  small  bi'causi'  of  heat  I'on- 
duetion  in  the'  be'aring  anel  runner 
surface's. 

I’rc'.ssint'  Feiiiation 

1 '.(lU.'itiem  el'J'  e'an  now  be  writte'ii 
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Vn 


Kgn 


4 — (irn/a) 


(2+{7rn!a)  2+C7rn/a)\ 

^0  J Trn/a 

2Trnla  27rn/a  / 

ri  — ro  ^ 


+ 


/ 2— (TTn/a) 

2— (TT? 

i/a)\ 

fro 

- ri 

) 

-(Trn/a)  , 2 

r 4-  r 

\ -(27rn/a) 

— (27rj 

/a)  j 

\r^ 

- ro 

where  K 


Gojy 


and 


(20) 

is  a function  of  ‘9’  only  since  p is 
independent  of  ‘r’,  by  assumption  2. 

Boundary  conditions  are 

p = 0 at  r = ro,  ri, 

and  p = 0 at  9 = 0,  a. 

This  equation  may  be  solved  bj^  the  use 
of  a Fourier  sine  transform. 


Bjr  definition,  let 


Pn  = 


p sin 


Trii9 

a 


(19  (21) 


then 


TTHl 


P = - XI  Pn  sin 

a „=i 

Multiply  equation  (20)  by 
Tvn9 


and  integrate  between  the  limits  0=0, 
a,  giving 


TTft  \ - d 

— ] Vn+r  — 
a / dr 


d - 


A r (jn 


(22) 


where  g„  = 


9(9)  sin 

0 \ a 


d9 


Vn 


= r^l 


/ tthX  _ 


and  the  particular  integral  is 
Vn  = C„r^ 


where 


Cn  is 


Kgn 


= -2: 


4 — {Trii/a)- 


Kgnri 


(23) 

provided  that 

(tt/i/ a)^  ^ 4 

This  expression  can  be  evaluated  for 


Load  TT  per  pad  = 


any  point  on  the  bearing  providing  that 
gn  is  known. 


It  is  found  that  the  series  is  rapidly 
convergent  and  p may  be  found  by 
summing  the  first  four  or  five  terms  only. 

Load  Carrying  Capacity 

As  before,  the  load  carried  by  the 
bearing  is  obtained  by  a double  inte- 
gration of  the  pressure  over  the  sector 
area. 


I 


rv 


7nr9 

a 


d9  dr 


(26) 


This  integration  is  easily  carried  out 
since  pn  is  independent  of  9,  to  give^ 


, 48a)ro5aro  1 

IF  per  pad  = ^ i TTT 

7r-/r  1 /r[4  — (7r«/a)“J 


A-Î 


1 


[{irn/a)  - 2] 


r,  —(_2Trn/a) 

[/Cl 


While  density  is  essentially  a function 
of  temperature  only  since  the  pressures 
involved  in  this  type  of  bearing  are  cphte 
small,  a reasonable  first  approximation 
is  p = po(l  + b9),  assuming  a linear  in- 
crease of  temperature  around  the  bear- 
ing. Other  more  elaborate  relationships 
between  p and  9 might  be  used  here 
without  altering  the  main  part  of  the 
solution. 


Thus 

and 


9n  = 


39 

Poba 

nir 


= Püb 

(1  — cos  nir) 


(24) 


Solving  for  pn  the  complementary 
function  is 


This  expresi^on  is  zero  foi'  even  values 
of  “n”,  and  is  equal  to 

2 Poba 
mr 

for  odd  values  of  “n”. 

For  any  point  on  the  bearing,  there- 
fore, the  pressure  is 


= - ^ Pn  sin 
a 1 


nirt 

a 


for  odd  values  of  “n”. 


Introducing  the  value  of  pn  from 
equation  (23)  and  substituting 


•l]  [(TTu/a)  + 2][1  - 

(27) 

This  summation  also  converges  rapidly 
and  can  readily  be  evaluated  by  taking 
the  first  four  or  five  odd  values  of  “n”. 

It  can  be  seen  that  the  expressions  for 
pressure  and  load  consist  of  two  parts, 
an  infinite  series  which  depends  on  the 
geometry  of  the  bearing  onl}^  and  a 
multipljdng  factor  containing  the  terms 
depending  on  the  operating  conditions. 
Thus,  for  a given  bearing  the  cumber- 
some series  term  requires  to  be  evaluated 
only  once,  and  subsequent  changes  in 
operating  conditions  do  not  affect  this 
term.  In  effect  this  provides  a general 
solution  for  a given  bearing. 

Temperature  Distribution 

Simplifications  may  be  made  in  the 
energy  equation  by  assuming  a repre- 
sentative set  of  conditions  for  a high 
speed  bearing  and  examining  the  orders 
of  magnitude  of  the  individual  terms. 
In  this  way  the  terms  containing  {dp/drY 
and  (dp/d9)~  are  found  to  be  of  the 
order  10^  as  compared  to  uri^v/h  which 
is  of  the  order  10^  and  dt/dr,  itself 
probably  smaller  than  dt/d9,  has  a co- 
efficient of  order  10“^  compared  with 
the  coefficient  of  order  10“^  for  dt/dd. 
Thus  the  energy  equation  reduces  to 


Ah  - ki 


this 

— (Trn/a) 


(rru/a)”  — 4 L\A’ 


+ 


ki 


(7rn/a) 


r = Ato 
becomes 


and  ri  = Aqro 


d~9 


2 2 
w r V 

hJ  pa 


1 


I 


,coA 

2 


X_JL^ 

V2v  r^  d9, 


(28) 


Substituting 
dp 


j Trn/a  -,  2 
/vi  — /I'l 

, >,-n/a  1 -(TTn/a) 

A’l  — A’l 


Ah 


(Trn/a) 


Ah 


sm 


(25) 


Evaluating  the  constants  of  integra- 
tion gives  the  solution  (see  top  of  page) 


2 — nir  I mr9 

.a  = - X — cos  I 

d9  a I a \ a 


gives  an  expression  which  can  be  evalu- 
ated for  each  point  on  the  bearing, 
whereupon  equation  (28)  may  be  inte- 
grated numerically  to  give  the  tempera- 
ture distribution. 
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Numerical  Comparison  of 
j Three  Solutions 

I The  three  solutions  are  compared  by 
applying  each  in  turn  to  a bearing 
operating  under  the  same  set  of  running 
conditions,  chosen  arbitrarily  but  with- 
in the  range  of  the  experimental  work 
described  later. 

The  bearing  is  a parallel-surface 
'sector  thrust  bearing  having  four  pads, 
inner  diameter  1.44  in.,  outer  diameter 
.3.0  in.,  radial  oil  grooves  1/8  in.  wide, 
giving  an  included  sector  angle  a = 1 .465 
radians. 

The  operating  conditions  are  chosen 
to  be  : 

Inlet  temperature  = 100°F 
I Rotational  speed  = 10,000  r.p.m. 

Film  thickness  = 0.001  in. 

I The  lubricant  is  a light  turbine  oil 
Iwith  a viscosity-temperature  relation- 
ship which  is  closely  represented  over 
the  required  temperature  range  by 
|y  = voe~^‘,  with  j3  = 0.02  and  the 
[density-temperature  relationship  is 

i P = Po(l  — X^) 

with  X = 0.00043. 

Inlet  viscosity  Vo  = 0.572  X 10“^ 

lb.  sec./ft.^ 

Initial  density  po  = 53.4  Ib./ft.^ 

Specific  heat  a = 0.45. 

Solution  1 — No  Side  Leakage:  Since 
bhe  derivation  of  this  solution  is  in 
Cartesian  co-ordinates  for  an  infinitely 


wide  bearing,  the  application  to  a cir- 
cular bearing  cannot  be  made  directly. 
However,  a good  approximation  to  the 
temperature  and  pressure  around  the 
central  arc  (i.e.  at  the  mean  radius)  is 
obtained  by  ignoring  all  radial  effects 
and  straightening  the  arc  to  give  a 
slider  bearing  of  length  ; mean  radius  X 
included  angle.  Taking  the  mean  radius 
as  1.04  in.,  which  is  the  value  obtained 
in  Solution  2,  with  an  included  angle  of 
1.465  radians,  the  length  of  the  central 
arc  is  1.52  in. 

The  parameter 


G = 


2Uvü^  po 
h}(7j  Po  Pm 


pressure  at  radius  1.04  in.  is 

V = 0.082(56.H  - e)  p.s.i. 

These  equations  are  plotted  in  Fig.  3. 
Solution  2 — Relaxation  Method  : Before 
the  relaxation  method  can  be  applied  to 
a sector  pad  the  variables  6 and  r are 
transformed  using 

6 = aQ  and  r = roe“^ 

whereupon  the  sector  pad  becomes 
rectangular,  with  boundaries,  for  this 
bearing,  of 

0=0  and  1, 


R = Q and 


Fig.  9.  Coefficient  of  friction  / v,  parameter  ZN/p'- 
coefficient  of  friction  , f . 

i % 8 à g 


is  evaluated.  Since  the  correct  value  of 
Pm  cannot  be  determined  until  L,  is 
known,  an  initial  value  of  G is  obtained 
by  taking  po/ pm  = 1 . From  this  first 
approximation,  a value  of  pm  is  obtained 
from  which  the  initial  value  of  G may  be 
adjusted.  After  two  such  adjustments  G 
is  found  to  be  16.3. 

Thus  the  maximum  temperature 

= (1//3)  In  (16.3L  + 1)  = 56.1°F 

fm  = (fi/2)  = 28.05°F. 

The  general  equation  for  temperature 
at  radius  1.04  in.  is 

t = 50  In  (16.3j;  -b  1) 

The  maximum  pressure  occurs  at 
Xm  = 0.56  in.  from  the  inlet  edge  and 
Pm  = 63.8  p.s.i.  The  general  equation  for 


1 1 1-5  _n- 

1.465  *^0.72 


This  rectangular  area  can  be  divided 
into  an  integral  number  of  squares  of 
side  a - 0.125,  or  into  a finer  mesh  if 
greater  accuracy  is  required. 

The  temperature  distribution  for  the 
bearing  is  obtained  first  from  the  finite 
difference  equation  (17).  For  the  bearing 
dimensions  and  running  conditions  speci- 
fied, the  dimensional  term  is  evaluated  : 


Qvuum'o 

J pü<jh? 


= 145 


the  units  being  temperature  degrees  per 
radian. 

An  initial  pressure  distribution,  saj' 
P = 0 all  over  is  assumed  for  the  bear- 
ing, and  the  resulting  temperature  dis- 
tribution obtained.  The  pressure  equa- 
tion (16)  is  applied  to  the  grid  and  the 


Fig.  10.  Coefficient  of  friction  / v.  parameter  ZjV  ro  7l 

COEFFICIENT  Of  FRICTION,  f. 
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Table  1. 


Summary  of  Calculated  Values  for  2-Pad  and  4-Pad  Bearings 

Solution  1 Solution  2 Solution  3 


Bearing  Type 2 pad  4 pad  2 pad  4 pad  2 pad  4 pad 

Temperatme  Rise.  . . . i°F  82.5  56.1  81.9  55.7  104  205 

Maximum  Pressure ..  . p p.s.i.  139  63.8  18.4  18.0  11.7  17.1 

Bearing  Load II' lb.  — — 27.7  37.7  29.2  40.2 


values  of  the  residuals  Fc  and  the 
influence  coefficients  cicn  and  Occ  are 
calculated  for  each  intersection  C in 
terms  of  the  surrounding  four  points. 
The  assumed  pressure  distribution  P = 0 
is  now  altered  throughout  the  bearing 
until  the  residuals  are  reduced  to 
negligible  ciuantities.  This  process  may 
be  repeated  and  it  is  found  that  the 
second  temperature  and  pressure  dis- 
triluitions  are  very  little  tlifferent  to  the 
first  values,  since  the  pressures  are  cpiite 
small,  and  have  little  effect  on  the 
temperatures.  Thus  the  values  after  the 
second  relaxation  may  be  taken  as  the 
final  solution,  and  these  values  are  shown 
in  Fig.  4. 

The  total  load-carrying  capacity  for  a 
four-pad  bearing,  by  numerical  integra- 
tion of  the  pressures  of  Fig.  4,  is  37.7  lb. 

Solution  3 — General  Solution  including 
Side  Leakage  : The  general  expression  for 
the  pressure  at  any  point  on  the  surface 
of  a bearing  sector  is  given  bj^  eciuation 
(25).  Introducing  the  values  of  K from 
equation  (20)  and  gr„,  equation  (24),  the 
pressure  may  be  evaluated  provided  that 
h,  the  expansion  coefficient  related  to 
bearing  angle  is  known.  By  definition, 

p = po(l  -h  hd)  = pii(l  - \t) 

Thus  b = -0.000430/0). 


I'sing  the  temperature  equation  from 
Solution  1,  which  is  later  seen  to  be 
quite  accurate,  the  temperature  rise 
around  a four-pad  sector  at  the  mean 
radius  1.04  in.,  is  56.1°  for  an  angle 
a = 1.465  radians.  Than  h = —0.0165. 

The  a\’erage  viscosity  is 


Vav 


1 

1 


dt 


= 0.343  X 10  ^ Ib.-sec./ft." 

Equation  (25)  can  now  be  evaluated  over 
the  sector  pad  for  each  jioint  on  a grid, 
and  the  pressure  distribution  is  .shown 
in  Fig.  5.  It  may  be  noted  that  the  sum- 
mation term  depends  only  on  physical 
dimensions  and  is  evaluated  only  once 
for  a given  bearing. 

The  load  jier  pad  is  found  from  equa- 
tion (27)  b)'  a similar  procedure,  and  the 
total  load  carried  by  a four-pad  bearing 
is  40.0  lb. 

The  temperature  distribution  ob- 
tained by  this  method  is  not  satisfactory, 
because  the  assumption  of  constant  vis- 
cosity appears  to  have  a much  greater 
detrimental  effect  on  temperature  values 
than  on  pressures.  However,  it  is  in- 


cluded here  to  complete  the  comparison. 
Upon  evaluation  of  equation  (28),  it  is 
found  that  for  the  given  conditions  the 
term  containing  dp/dd  is  very  small, 
thus  the  temperature  equation  becomes  : 


O 

dt  2wr'v 
89  ^ IdJpa 


(29) 


This  expression  has  been  integrated  for 
r = 1.04  in.  by  a finite  difference 
method  similar  to  that  used  in  Solution 

2. 

The  pressure  and  temperature  curves 
at  the  mean  radius  for  the  three  solutions 
are  shown  in  Fig.  3,  and  a numerical 
comparison  of  maximum  pressures  and 
load-carrying  capacity  is  shown  in 
Table  I for  the  four-])ad  bearing  and  a 
two-pad  bearing  of  the  same  diameter. 

From  this  and  other  comparisons  and 
assuming  the  relaxation  solution  to  be 
accurate,  it  would  appear  that  the 
assumption  of  no  side  leakage,  but  with 
viscosity  as  a variable,  as  in  Solution  1, 
gives  a good  estimation  of  temperatures 
but  very  high  jrressure  values. 

On  the  other  hand,  a solution  which 
includes  the  effect  of  side  leakage  but 
assumes  a constant  viscosity,  such  as 
Solution  3,  gives  a good  approximation 
for  maximum  pressures  and  load-carry- 
ing capacities,  but  is  greatly  in  error  for 
temperature  values. 

It  is  proposed  therefore  to  use  the 
following  equations  in  the  analysis  of  the 
experimental  work. 

Ternperature  : from  Solution  1 

t = {Gx  + 1)  (9) 

Pressure  : from  Solution  3 

/>  = - è d'*  sin  (25) 

a 1 \ a / 

Load-Carrying  Capacity:  from  Solu- 
tion 3 


W per  pad  = 


4r 


X)  Vn  dr  (27) 


for  11  = 1,  3,  5 . . . etc. 


Friction  in  a Parallel-Surface  Bearing 

For  any  plane  thrust  bearing  the  shear 
stress  at  any  point  in  a fluid  film  is 


voir 


dph 
dd  2 


(30) 


The  total  shear  force  is 


F = 


*a 

■^1 

rwr  dp  h 

J 0 . 

^0 

_ h dd  z_ 

r dr  dd  (31) 


Integrating  the  second  term  by  parts, 
and  noting  that  p = 0 at  the  boundaries 
then 


F = 


'^1 

vur  p dh 

_X  ~ 2 

ar  dr  (32) 


For  a parallel-surface  bearing  dh/dd 
is  zero,  thus,  using  an  average  value  for 
viscosity,  the  friction  force  becomes 


f (33) 


h 3 
The  bearing  load 


IF  = ^ (r?  - rl)p' 


where  p^  is  the  load  per  unit  area. 

The  ratio  of  tractive  effort  to  load  j 
capacity,  commonly  called  the  co-  j 
efficient  of  friction,  is  ; 


ro  2 (kl  - 1) 


(34) 


This  is  similar  to  the  Petroff  equation 
for  a lightly  loaded  journal  bearing. 


Experimental  Apparatus 

The  experimental  equipment  is  shown  j 
in  Fig.  6.  | 

The  central  high-speed  shaft,  having  i 
a speed  range  between  4400  and  16,000  I 
r.p.m.,  carries  a 3 in.  diameter  steel  | 
thrust  disc  shrunk  on  and  machined  in  | 
position  on  the  shaft.  This  shaft  runs  in  ■ 
two  double-row  self-aligning  ball  bear-  ; 
ings.  ji 

Surrounding  the  thrust  disc  and  shaft  f 
is  a steel  cylinder  carrying  on  the  out-  j 
side  three  matched  hydraulic  jacks  set 
in  parallel  at  120°  around  the  periphery. 
These  jacks  are  connected  to  triangular  \ 
end  plates,  which  bear  against  two 
opposing  pistons  in  the  steel  cylinder,  j, 
The  loading  pistons  carry  two  similar 
white-metalled  thrust  collars  which  act  ; 
against  the  opposite  faces  of  the  central  / 
high-speed  disc.  Great  care  is  taken  in 
machining  and  assembly  to  ensure  that  ' 
the  bearing  faces  remain  flat  and  parallel,  j ' 
within  engineering  limits.  The  whole 
cylinder  and  piston  assembly  is  torque-  i i 
mounted  and  supported  by  two  steel  ;1 
tubes  which  attach  to  the  loading  | 
pistons  and  extend  to  roller  bearings  at  i . 
their  outer  ends.  ; 

Oil  supply  to  the  thrust  faces  is  fed  : 
to  the  end  bearing  supports  and  through  . 
the  annular  space  between  the  high-  ; 
speed  shaft  and  the  piston  tubes  to  the  c 
inner  diameter  of  the  bearings.  The  oil 
supply  pressure  was  constant  at  about  ! 

5 p.s.i.  i| 
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Temperatures  around  the  Ircaring  are 
easured  by  a number  of  thermo- 
I puples  set  in  non-conducting  plugs  and 
! ipped  flush  with  the  bearing  surface  of 
le  thrust  plate.  The  other  thrust  plate 
left  free  from  disturbance  except  for 
iieck  thermocouples  at  the  inlet  and 
itlet  of  each  pad,  as  in  Fig.  7.  This 
rangement  indicates  if  the  interrup- 
ian  of  the  bearing  surface  by  a large 
amber  of  thermocouples,  although 
ted  flush,  affects  the  operation  of  the 
.■aring.  In  fact,  there  was  little  differ- 
lice  between  the  two  faces,  although  in 
•neral  the  side  with  the  large  number  of 
iermocouples  ran  a few  degrees  cooler, 
I’obably  due  to  conduction  along  the 
eimocouple  leads. 

The  measurement  of  film  thickness 
as  effected  by  four  0.0001  in.  dial 
lUges,  two  gauges  reading  the  displace- 
;ent  of  the  loading  pistons  relative  to 
(ich  other,  and  two  measuring  absolute 
(^l)lacements  relative  to  the  fixed  sup- 
])rts  of  the  apparatus.  Average  film 
ijickness  values  and  cross-checks  on 
:lcuracy  were  thus  obtained. 
jThcrmal  expansion  and  distortion 
(jects  were  serious,  in  the  same  order  of 
1‘ignitude  as  the  film  thickness  values, 

1 1 these  were  overcome  by  taking  zero 
iidings  on  the  dial  gauges  immediately 
iter  stopping  the  test  while  the  machine 
ns  still  hot.  When  the  apparatus 
(Died,  the  dial  gauges  returned  to  their 
(iginal  setting,  indicating  no  perma- 
I nt  deformation  or  slippage  during  the 
tit. 


The  various  advantages  of  this  design 
are  that  no  end  thrust  is  applied  to  the 
hign  speed  support  bearings  ; the  bearing 
faces  are  accessible  for  thermocouples  or 
other  measuring  devices  for  pressure  or 
for  film  thickness  ; extraneous  friction 
torques  (due  only  to  the  non-rotating 
roller  bearings  and  light  oil  seals)  are 
small  and  independent  of  load  and  speed, 
allowing  accurate  measurements  to  be 
made  of  the  friction  at  the  test  bearing. 

Experimental  Results 

Tests  were  conducted  on  flat  bearings 
having  two,  three  and  four  grooves.  The 
bearing  plates  had  the  same  dimensions 
and  the  lubricating  oil.  Turbo  27,  had 
the  same  characteristics  as  the  hypo- 
thetical bearing  described  earlier  in  the 
paper. 

Température  Gradient:  The  tempera- 
tures recorded  around  the  central  arc 
for  a typical  test  are  shown  in  Fig.  8. 
It  may  be  seen  that  a simple  tempera- 
ture gradient  is  not  obtained,  but  that 
there  is  a rapid  rise  from  oil  inlet  tem- 
perature to  the  temperature  shown  by 
the  first  thermocouple,  and  thereafter 
a rather  flat  temperature  gradient  around 
the  pad. 

It  would  appear  that  two  factors  in- 
fluence the  temperature  readings.  The 
actual  oil  temperature  at  the  inlet  edge 
of  the  pad  is  almost  certainly  higher 
than  the  recorded  inlet  oil  temperature, 
which  was  measured  by  a thermocouple 
placed  in  the  annular  supply  space. 
Since  a certain  amount  of  oil  is  carried 


around  the  bearing  there  will  be  a mix- 
ing in  the  grooves  of  fresh  oil  and  re- 
circulating oil,  raising  the  temperature 
of  the  inlet  oil. 

It  is  also  thought  that  the  accepted 
assumption  of  adiabatic  conditions  in  the 
oil  film  does  not  describe  the  actual 
mechanism  of  heat  flow.  It  appears 
from  the  measured  temperatures  that 
the  shaft  and  bearing  reach  a steady 
high  temperature  and  thereafter  there 
is  rapid  heating  of  the  thin  film  of  oil 
by  conduction  from  the  metal  surfaces. 

Friction:  In  accordance  with  the 
observed  temperature  distribution,  the 
average  viscosity,  Z centipoise,  is  taken 
as  the  \’alue  at  the  maximum  bearing 
temperature. 

As  a correlation  with  other  experi- 
menters, Fogg^  and  Kettleborough,®  the 
coefficient  of  friction  is  plotted  against 
ZN/p^,  Fig.  9.  It  is  seen  that  the  re.sults 
fall  on  a line  having  substantially  the 
same  slope  on  a log-log  curve  as  the 
other  curves,  being  below  Kettle- 
borough’s  results  and  showing  higher 
friction  values  than  Fogg. 

The  parameter  ZN/p^  is  strongly  in- 
fluenced by  the  value  taken  for  the 
average  viscosity  Z,  and  the  dis- 
crepancies in  the  curves  of  Fig.  9 are 
probably  in  good  part  due  to  the 
different  methods  emplo3'ed  to  deter- 
mine Z. 

In  Fig.  10,  the  coefficient  of  friction,/, 
is  plotted  against  the  correct  non- 
dimensional  parameter  for  a parallel 
bearing,  (ZN/p^){ro/h).  The  experi- 


Fif;.  ila,  lib,  11c.  Film  Thickness  h v.  parameter 


I 


Fig  12a,  12b,  12c.  Load  Carrying  Capacity  per  pad 
H r.  parameter 


0 TWO- GROOVE  BEARING 


(FOUR  GROOVE  PfARiNO 
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mental  results  can  be  compared  with 
the  theoretical  equation  for  this  par- 
ticular bearing. 

There  is  a marked  scatter  in  the 
experimental  points,  due  to  the  small 
walue  of  h in  the  denominator,  but 
agreement  is  good  at  low  values  of 
(ZiV/;/)  • (ro/h).  At  higher  values  of 
iZN/p^)  ■ {ro/h)  the  theoretical  and 
actual  curves  begin  to  diverge,  indicat- 
ing that  the  constant  viscosity  assump- 
tion used  in  deriving  the  friction  equa- 
tion is  not  adequate  at  high  speeds. 

Several  instances  of  non-fluid-film 
lubrication  were  noted  during  the  course 
of  testing,  characterized  by  vibration 
and  unstable  temperatures.  The  ob- 
viously mal-functioning  tests  were  dis- 
carded, but  it  was  observed  that  some  of 
these  tests  did  not  show  much  higher 
coefficients  of  friction  than  tests  running 
under  fluid  film  conditions.  Unlike  the 
journal  bearing,  there  does  not  appear 
to  be  a well-defined  transition  between 
hydrodynamic  and  boundary  lubrica- 
tion for  the  parallel  surface  bearing. 
This  can  be  explained  when  one  con- 
siders that  in  a journal  bearing,  when 
the  film  thickness  diminishes,  metal-to- 
metal  contact  takes  ])lace  along  a very 
narrow  linear  area,  with  high  pressure 
and  ]30sitive  contact  ; whereas  with  the 
parallel  surface  bearing,  when  the  film 
thickness  is  of  the  same  order  of  magni- 
tude as  the  surface  roughness,  it  will  be 
possible  to  have  film  lubrication  with 
intermittent  contact  of  asperities  over 
the  whole  surface,  at  low  metal-to-metal 
pressures. 

Film  Thickness:  Although  equation 
(9)  does  not  represent  the  actual 
temperature  distribution  around  the 
bearing,  it  appears  to  be  accurate  in 
estimating  the  total  temperature  rise. 
Substituting  for  G and  rewriting  equa- 
tion (9)  gives  an  equation  for  the  film 
thickness 


h = 


‘l/lr'a 

{1/vl)  - a/vo)/ 


(35) 


In  Figs.  11,  a,  b and  c,  the  values  of  h 
are  plotted  against 


( Ï 

V(lAz,)  - (l/vo)/ 

and  compared  with  the  theoretical 
curves  for  two-,  three-  and  four-pad 
bearings.  Again,  because  of  the  very 
thin  films  being  measured,  the  experi- 
mental scatter  is  pronounced  but 
correlation  between  the  measured  values 
and  the  calculated  curves  is  reasonable. 

Load-Carrying  Capacity  : The  load- 
carrying capacity  from  equation  (27) 
can  be  written  as 


IF  per  pad 


and  with  h in  inches  the  constants  C are 

0.603  X 10~®  for  a 2-pad  bearing 

0.565  X 10“®  for  a 3-pad  bearing 
and  0.445  X 10“®  for  a 4-pad  bearing. 

The  experimental  results  are  com- 
pared with  these  theoretical  equations 
in  Figures  12,  a,  b and  c.  In  these  cases, 
experimental  scatter  is  even  more  pro- 
nounced due  to  the  fact  that  the  para- 
meter 

(jO  / Vo  - î’ij 

¥^\  13  / 

involves  h'^  term  in  the  denominator. 
The  agreement  between  experiment  and 
theory  is  cpiestionable,  and  the  most 
that  can  be  claimed  is  that  both  are  of 
the  same  order  of  magnitude. 

Conclusions 

As  a point  of  departure,  it  has  been 
accepted  that  two  equations,  a general 
ex]3ression  of  Reynolds  equation  and  an 
energy  equation,  govern  the  hydro- 
dynamic  behaviour  of  a parallel  surface 
thrust  bearing.  By  solving  these  equa- 
tions in  three  different  ways  and  com- 
paring calculated  residts,  it  is  seen  that 
the  assumption  of  no  side  leakage  in  a 
theoretical  anal3^sis  produces  tempera- 
ture values  which  are  comparable  with 
the  more  correct  numerical  solution, 
but  that  pressures  from  this  solution 
are  too  high.  A solution  which  assumes 
constant  viscosity,  but  includes  the 
effect  of  side  leakage,  leads  to  a close 
approximation  for  pressures  and  load- 
carrying  capacity,  but  temperatures 
are  greatly  in  error. 

The  temperatures  recorded  indicate 
that  a temperature  difference  exists  be- 
tween the  inlet  and  outlet  edges  of  a 
bearing  pad,  and  this  temperature 
difference  is  sufficient  to  produce  the 
loads  carried  by  the  bearing.  In  this 
bearing,  a maximum  load  per  unit  area 
of  70  p.s.i.  required  a temperature  rise 
of  150°F  and  a film  thickness  of  0.0005 
in.  For  the  very  high  bearing  pressures 
reported  by  Fogg-,  it  is  estimated  that  a 
temperature  rise  of  300°F  and  a film 
thickness  of  0.0002  in.  would  be  re- 
quired in  a bearing  running  at  10,000 
r.p.m.  While  these  values  are  not  impos- 
sible to  achieve  in  a laboratory-,  they 
would  not  be  readily  maintained  in 
practical  applications.  A sinqjle  tem- 
i:)erature  gradient  around  the  bearing 
pad  was  not  obtainerl,  and  it  is  believed 
that  the  adiabatic  assumption  used  in 
developing  the  original  energy^  eciuation 
is  open  to  question. 

The  experimental  results  which  are 
presented  show  a marked  scatter,  due 
to  the  difficulty  encounted  in  obtaining 
accuracy^  in  certain  measurements,  not- 
ably film  thicknesses  which  are  very 
small,  and  average  viscosity  values 
which  are  ill-defined.  In  spite,  of  this 
scatter,  sufficient  correlation  exists  be- 


tween the  experimental  results  and  the ' 
theoretical  equations  which  have  been  | 
developed,  to  state  that  thermal  wedge  l 
lubrication  does  occur  within  the  range 
of  test  conditions. 

It  would  appear,  therefore,  that  while  ; 
the  thermal  wedge  effect  does  exist  and  ' 
is  appreciable  in  parallel  surface  thrust 
bearings  at  low  loads  and  high  speeds,^ 
high  load-carrying  capacity  requires 
high  temperature  gradients  and  very' 
thin  oil  films  which  cannot  be  achieved 
in  normal  engineering  practice.  In 
addition,  the  parallel  surface  thrust  i 
bearing  is  somewhat  unreliable,  the! 
transition  from  hydrodynamic  lubrica- 
tion and  stable  operation  to  boundary 
lubrication,  metal  contact  and  unstable 
temperatures  taking  place  easily  and  in 
an  indefinite  manner. 
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Notation  j 

U = Velocity  of  moving  surface 

p = Pressure 

p = Density  , 

V = Viscosity  , 

h = Film  thickness 

t = Temperature  above  inlet  \ 

J = Joule’s  Equivalent 

cr  = Specific  Heat  ^ 

X = Coefficient  of  Thermal  Expansion 

(8  = Temperature — Viscosity 

Coefficient 
T = Shear  Stress 

w = Angular  Velocity 

a = Included  Angle  of  a Sector  Pad 

h = Expansion  Coefficient  related  h 

Bearing  Angle  ; 

L = Length  of  bearing. 

Any  symbol  which  is  not  listed  i. 
defined  where  it  first  appears. 
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jyV  rEBSTER  DEFINES  a university 
j W as  “an  institution  organized  for 
teaching  and  study  in  the  higher 
branches  of  learning,  and  empowered 
ito  confer  degrees  in  special  depart- 
ments”. To  define  a university  as  an 
Sntellectual  centre  would  probably  be 
more  appropriate.  A university  has  a 
ji'csponsibility  to  develop  new  knowl- 
edge, and  it  should  not  be  content 
merely  to  impart  to  its  students  the 
hceumulation  of  past  knowledge.  The 
jgraduates  should  be  imaginative  and 
liave  the  eapacity  for  original  thought, 
rhe  university  has  two  roles;  first,  to 
select  the  students  who  have  this 
L’apacity,  and  second,  to  stimulate 
Teir  originality  and  to  provide  them 
with  the  c.ssential  basic  tools  with 
wliich  to  create  new  intellectual 
structures.  Anything  less  is  not  a 
iniversity.  Today,  more  than  ever,  a 
leavy  responsibility  devolves  upon 
ill  professional  people.  It  is  to  them 
:hat  the  world  looks  for  leadership, 
rhe  world  cannot  stand  still,  and 
ulvances  are  the  product  of  creative 
niiids. 

In  the  main,  Canadian  universi- 
lies  have  met  their  obligations  well, 
bnlil  recently,  Canada  was  a pioneer 
oniilry.  'I’here  was  an  urgent  de- 
inaiid  lor  nu'n  and  women  trained  to 
,s()lve  (he  immediate  ])roblems — ]n()b- 
leins  which  weri'  well  deliiu'aled.  ll 
|Wa.s  nei'c.ssary  to  build  roads,  bridge's. 
In  alerways,  eleelric  plants,  transmis- 
sion lines,  sewers,  wati'r  works,  rail- 
io;uls,  and  eonnnnnieation  svstems. 
Canadas  sons  had  sc-rved  hei-  well, 
and  not  (he  h'ast  ol  tlii'se  were  lu'r 
engineers.  Her  publie  works  wi-re  a 
D'edit  to  her.  Canadian  engineers 
in;  ul<‘  iKiiiK's  lor  themsi'K-es.  Mining 
ji'iigineers  wi-ri'  in  world-widi'  di'- 
in;ind,  el('ctrie;d  engineers  pionei'ii'd 
in  high  \'ol(;ige  (mnsinission,  ei\il 


engineers  distinguished  themselves. 
The  Shanly  brothers  completed  the 
Hoosac  Tunnel  where  United  States 
engineers  had  failed;  Thomas  Coltrin 
Keefer  built  what  was  at  that  time 
the  world’s  longest  suspension  bridge; 
Stanislaus  Gzowski,  Samuel  Keefer, 
Killaly,  Douglas,  Cumberland,  and 
Sir  Sandford  Fleming — all  are  famous. 
Some  of  these  engineers  came  to  Can- 
ada from  Europe,  but  many  of  them 
were  born  and  trained  in  Canada. 

The  universities  were  an  essen- 
tial part  of  this  growth,  and  the 
engineering  faculties  of  those  uni- 
versities deserve  the  highest  credit. 
However,  conditions  have  changed. 
Canada  has  emerged  from  the  status 
of  a colony  to  that  of  a nation. 
Secondary  industries  are  being  de- 
veloped, and  there  exists  a need  for 
an  entirely  new  type  of  engineer.  We 
are  now  in  a highly  competitive  era, 
and  if  we  are  to  survive  as  an  indus- 
trial nation,  we  must  be  at  least  as 
original  in  our  thinking  as  onr  com- 
petitors. ’I’he  fact  that  we  possess  a 
wealth  ol  mitnral  resources  is  not 
enough,  'fhere  is  e\'idence  already 
(luit,  in  some  n'spects,  the  engiiu'crs 
luive  bi'cn  outstripped  b\'  tlu'  scii'ii- 
tists  to  the  ('Xtent  that  tlu'v  h;ive  not 
bei'ii  ;ible  to  t;ik('  lull  ;id\;nit;ige  ol 
scientilic'  ;idv;ince.  'I'liis  lK'c';nne  \er\' 
ex’ident  (luring  \\'()iid  War  II  and 
alter,  w lu-n  it  \\  ;is  neeess;n'\  to  rt'- 
ernit  jilnsicists  to  do  inneh  of  the 
engineering  work  on  rachir  ;nid  atomic 
('iiergw 

It  is  impeiait i\ (',  tiu'relorc',  tluit 
we,  as  ;in  indnstri;d  iKition.  keeji 
abre;ist  of  t('ehnologie;d  de\ ('lo|mu'nt. 
Where'  rnh'  ol  thumb  UK'thods  siu'- 
ei'eded  in  ;ni  (';n  lier  I'lai,  \\  ('  now 
r('(|nirt'  ;i  seie'iitilie  .itt;u'k  on  onr 
probh'ins,  bringing  to  lu'ar  tlu'  kite's! 
inloriiKition  in  phx  sii's,  elu'inistiA  . .nul 


metallurgy,  and  employing  the  best 
mathematical  techniques.  We  must 
produce  equipment  which  operates  at 
high  efficiency  and  can  be  manu- 
factured at  minimum  cost.  Failure  to 
do  so  will  deny  us  access  to  world 
markets  of  manufactured  products. 
If  we  are  content  to  export  only  raw 
or  unprocessed  materials,  we  become 
hewers  of  wood  and  drawers  of  water. 
Most  disastrous  of  all,  we  will  drive 
from  our  country  the  cream  of  our 
young  men  and  women  who  have  a 
compelling  need  for  intellectual  ex- 
pression. There  is  no  magic  wax'  to 
compete  in  world  markets  without 
putting  forth  the  same  ingenuitx', 
enterprise  and  drive  as  our  competi- 
tors. 

It  is  not  suggested  that  our 
universities  should  engage  in  the 
development  of  specific  hardware. 
Rather,  the\'  have  an  obligation  to 
produce  men  nnIio  can  develop  this 
hardware,  men  who  are  prepared  to 
explore  bevond  our  present  frontiers 
ol  knowledge,  men  who  have  the 
capacitx’  to  bring  new  ideas  to  frui- 
tion. The  man  who  can  contribute  to 
industiA'  onK'  as  much  as  he  has 
leariK'd  at  uni\ersit\  will  fail  to  fulfil 
our  lU'cds.  If  \ ()u  (|iu'Stion  this,  mere- 
I\  re'flc'cl  tluit  niaiu  of  the  dexelop- 
nii'iits  which  we  now  t;iki'  tor  greinti'd 
wc'ie'  unknown  in  the  author's  under- 
graehuite  da\s.  Tlu'ie  w;is  no  r.idar. 
no  no  tr;in.s-.\(lantie  te'li'plione 

e;ible';  tlu'ie'  wi'ii'  no  transistors,  uii 
I'li'etrie  phonogr.iphs.  no  Diese'I  loeo- 
motixi's.  no  speiee'  \ e'hi(.'le's;  r.ulie 
bro;iile;isting  luiel  luue'lx  enu'i  ge'd,  and 
w ;is  in  a liighK  unde'Ve'lope'd  st.ite. 
N!;in\  ol  (lii'Si'  ele'\  iee'S  we'ie'  the'  prod- 
nets  ol  niiiuls  ol  nie'u  wlio  luul  le'arned 
nothing  ;ibont  the'in  in  nni\e'rsit\.  Imf 
th('\  posst'sse'd  the'  luisii  ini'uf.il 
e'e|ni|iine'nt  whieh  I'liabh'd  the'in  to 
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create  new  concepts.  The  rapidity 
with  which  new  ideas  emerge  is  em- 
phasized by  a statement  of  a large 
electronics  firm  that  more  than  70% 
of  present  sales  have  been  developed 
within  the  last  five  years. 

It  has  been  stated  that  England’s 
indnstrial  strength  of  a half  century 
ago  was  the  direct  result  of  the  for- 
mation of  the  Royal  Society.  Only  a 
few  engineers,  men  like  Smeaton  for 
example,  were  Fellows  of  the  Royal 
Society,  but  the  Royal  Society  did 
provide  the  basie  science  which  en- 
abled the  engineering  profession  to 
make  such  gigantic  strides. 

Very  early  in  our  history  we  had 
relied  entirely  on  foreign  countries 
for  our  higher  education,  and  until 
50  years  ago,  we  relied  on  the  United 
States  and  Europe  for  postgraduate 
training.  In  more  recent  years,  how- 
ever, Canadian  universities  have  be- 
come important  centres,  and  are  “well 
on  the  way  towards  eompeting  with 
the  best  institutions  in  other  coun- 
tries”. 

However,  not  all  Canadian  uni- 
versities can  take  pride  in  meeting 
the  new  demands  in  engineering, 
although  the  overall  position  is  en- 
couraging. Too  many  universities  look 
upon  research,  and  particularly  re- 
search in  engineering,  as  an  extra- 
curricular luxury.  In  the  author’s 
opinion,  if  the  university  is  to  dis- 
charge its  fundamental  obligation,  re- 
search must  be  an  inherent  part  of 
its  operation.  It  is  not  conceivable 
that  the  men  Canada  needs  can  be 
produced  without  a training  in  re- 
search. It  is  not  conceivable  that 
graduate  studies  can  be  divorced 
from  research.  Even  in  those  cases 
where  M.Sc.  students  do  not  partici- 
pate actively  in  a research  program, 
it  is  important  that  they  should  live 
in  an  environment  of  research  and 
that  they  should  learn  the  need  for, 
and  the  excitement  of,  intellectual  ex- 
ploration. They  must  learn  that  they 
cannot  rely  on  the  design  criteria  of 
the  past.  They  must  develop  new  de- 
sign techniques.  They  must  be  quick 
to  take  advantage  of  all  the  newest 
processes  and  all  the  newest  ma- 
terials. They  must  provide  the  foun- 
dation of  science  for  progressive  en- 
gineering. 

President  DuBridge  of  the  Cali- 
fornia Institute  of  Technology  once 
stated  that  “an  inquiring  mind  must 
be  the  chief  possession  of  university 
people”.  It  should  be  emphasized 
again  and  again  that  the  main  pur- 
pose of  a university  is  to  develop 
creative  people,  and  this  process  de- 
mands a strong  interplay  between 


student  and  staff.  Research  should  be 
conducted  within  the  framework  of 
the  aeademic  departments  to  achieve 
this  end,  and,  in  the  author’s  opinion, 
a separate  organization  or  institute 
devoted  primarily  to  researeh  fre- 
quently fails  to  provide  the  neeessary 
environment.  It  is  desirable  that  the 
departmental  staff  should  promote  the 
research  and  have  a direct  responsi- 
bility for  both  graduate  and  under- 
graduate instruction.  A further  weak- 
ness of  the  separate  organization  is 
the  tendency  to  become  isolated. 
Workers  fail  to  maintain  communica- 
tion with  their  contemporaries,  and 
sometimes  work  is  continued  long 
after  fruitful  results  have  ceased. 

The  difficulties  of  financing  re- 
search in  universities  are  well  recog- 
nized, but  each  university  must  ac- 
knowledge that  research  is  an  essen- 
tial part  of  its  responsibility,  and  that 
it  should  expeet  to  support  research 
facilities.  In  the  past,  the  universities 
have  been  so  preoccupied  with  the 
training  of  practicing  engineers  who 
could  meet  the  immediate  problems  of 
the  nation,  that  research  was  neg- 
lected, and  this  developed  into  a fixed 
pattern.  Engineering  faeulties  find 
now  that  they  have  less  money  avail- 
able for  research  than  the  faculties 
embracing  science  and  the  humanities. 
In  those  fields,  research  has  become 
a tradition,  and  it  is  imperative  that 
engineering  develop  a similar  tra- 
dition. Another  problem  which  has 
arisen  results  from  the  ease  with 
which  university  engineering  staff 
and  students  ean  find  employment 
outside  of  the  academic  theatre,  and 
both  find  it  more  lucrative  to  devote 
themselves  to  more  practical  prob- 
lems than  to  intellectual  speculation. 
The  situation  is  not  so  true  of  other 
disciplines,  but  a keen  research  man 
will  derive  so  much  satisfaction  from 
research  that  he  will  not  want  to 
leave  his  laboratory.  Moreover,  he 
will  enconrage  his  better  students  to 
forego  the  immediate  advantages  of 
attractive  remuneration  for  the  more 
lasting  satisfaction  of  a stimulating 
and  rewarding  career. 

Undoubtedly,  there  is  a variety 
of  opinion  regarding  the  extent  to 
which  a university  can  support  re- 
search. All  universities  aeknowledge 
their  fundamental  obligation  to  pro- 
vide teaching  facilities.  They  should 
assume  also  an  obligation  for  research, 
and  provide  library,  work  shop,  com- 
putation and  any  of  the  other  ordinary 
services  which  are  essential  com- 
ponents. Universities  should  take  full 
advantage  of  the  various  sources  of 
support  for  researeh,  giving  preference 
at  all  times  to  those  sourees  whieh 
impose  a minimum  of  restrietion. 


There  are  private  sponsors  who  con  !r 
tribute  generously  to  research  pro 
grams.  Industry  plays  a not  insignifi 
cant  part,  but  municipal,  provincial 
and  federal  governments  provide  th( 
bulk  of  the  support.  It  is  made  avail  ' 
able  in  several  forms,  but  main!' 
through  scholarships  which  enabl.i 
students  to  participate  in  research  pro  i 
grams  at  the  university,  and  througl  i 
grants  in  aid  of  research  enablin;  i 
staff  members  to  pursue  projects  o 
special  interest  to  them,  and  to  hin 
graduate  students  to  assist  in  thes(  i 
research  projects. 

The  research  or  development 
contract  is  also  an  important  source'  i 
and  it  has  become  popular  in  th(  ^ 
United  States.  However,  it  possesse  ■ 
some  weaknesses.  It  is  usually  directec 
toward  short  term  research  for  whicl  i 
some  immediate  objective  is  en! 
visaged,  and  thereby  precludes  thi  ^ 
exploration  of  those  many  interestinji 
areas  for  which  no  practical  applica;  i 
tion  can  be  foreseen.  Through  thi  ! 
ages  these  latter  projects  have  yieldec  j i • 
the  most  profitable  returns.  If  a stu  i 
dent  is  exposed  to  this  type  of  sup'  i 
port  too  extensively,  he  may  fail  ti'  ’ 
appreciate  the  true  significance  of  re 
search.  The  main  attraction  of  the  de 
velopment  contract  is  that  it  usual!' 
makes  provision  for  salaries  and  over  I 
head,  which  are  denied  in  the  case  o i 
a government  grant.  The  researd  I 
and  development  contract  also  tend  I I 
to  divorce  the  project  from  the  uni!  [ 
versity,  and  this  is  particularlv  trul  '' 
where  the  project  is  of  a classifie( 
nature.  ' 

There  is  one  other  possibl  i 
means  of  support,  and  this  is  througl  j 
the  postdoctorate  fellowship  schem  ; 
financed  by  the  federal  governmeni! 
As  university  departments  develoj  | 
their  research,  they  can  absorb  effec  ! 
tively  postdoctorate  fellows  in  ! 
mutually  beneficial  way.  ■ 

It  was  indicated  earlier  that  th  I 
progress  of  engineering  research  f : 
recent  years  has  been  encouraging 
It  is  interesting  to  note  that  the  exi 
penditure  of  the  National  Researcij 
Council  on  engineering  researc  ] 
grants  has  increased  threefold  in  th  ; 
period  1958-1961.  In  1961,  well  ove' 
$1  million  was  assigned  to  engineeil 
ing  and  earth  sciences,  which  repr6| 
sents  approximately  23%  of  the  totf 
NRC  grants  for  all  sciences,  excep! 
medicine.  Engineering  has  bee 
awarded  an  increasing  percentage  C ; 
the  total  NRC  grants  in  aid  of  rC 
search  over  the  past  few  years,  ancj 
as  research  develops  in  engineerin  I 
faculties,  a still  further  increase  ma; 
be  expected.  I 
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Automation  and  Control 
Engineering  in  Canada 


Recent  Development  In 
Automatic  Electrode  Boilers 


M.  Eaton,  M.E.I.C.,  Consulting  Electrical  Engineer 


rHE  AUTOMATIC  electrode  boil- 
er discussed  in  this  paper  is  de- 
eloped  from  the  Kaelin  electric  boiler 
lescribed  in  earlier  pubhcationsd  It 
I > a result  of  a continuation  of  the 
> evelopment  described  in  an  earlier 
j )aper.“ 

' I High  voltage  electrode  boilers  of 
^ pe  Kaehn  design  have  a number  of 
i bperfections  that  tend  to  limit  their 
i |iitability  for  utilizing  off-peak  hydro- 
) Jectric  power.  For  example,  ( 1 ) their 
pinimum  safe  load  is  about  15%  of 
peir  rated  capacity,  (2)  except  in 
ery  large  sizes  and  with  exceptionally 
ure  feedwater,  they  can  not  be  op- 
rated satisfactorily  at  voltages  as 
igh  as  13.2  kv.,  (3)  their  electrode 
fe  is  not  all  that  could  be  desired, 
nd  (4)  they  are  not  economically 
jdapted  to  the  use  of  adequate  auto- 
matic control  equipment. 

i 

dectrical  Characteristics 

I 

Electric  boilers  of  the  class  re- 
crred  to  in  this  paper  have  their 

i 


I'ig.  1.  Sectional  view  of  a Kaelin  boiler 
bowing  an  electrode  suspended  in  the 
foiler  water. 


electrodes  normally  partially  sub- 
merged in  the  boiler  water.  Steam  is 
raised  by  the  energy  dissipated  in  the 
water  by  its  electrical  resistance.  For 
a three-phase,  three-electrode  boiler 
the  power  input  is 


Laboratory  instruments  are  made 
and  calibrated  for  measuring  conduc- 
tivity at  20 °C.  Resistivity  is  the  recip- 
rocal of  conductivity.  If  units  are 
changed,  a suitable  conversion  factor 
is  introduced.  For  example 


P = 3l'R  X lO^'kw  (1) 

I is  the  electrode  current  in  amperes, 
and  R is  the  resistance  in  ohms  of  the 
circuit  through  the  water  between 
the  electrodes  and  a common  neutral 
which  is  grounded  by  a steel  shell 
completely  or  partially  surrounding 
each  electrode. 

Fig.  1 shows  schematically  a 
cylindrical  electrode  suspended  in 
boiler  water.  A cylindrical  ground  shell 
3 serves  to  obtain  uniform  current 
density  on  segments  of  the  electrode, 
measured  vertically,  and  to  protect  the 
outer  pressure  vessel  I from  corro- 
sion by  electric  current. 

By  integration  it  may  be  shown 
that  the  resistance  per  unit  height 
of  the  cylindrical  body  of  water  be- 
tween water  levels  WL3  and  WL4  is 

Rt  = — loge  X (-) 

Ztt  A 

Rj  is  the  water  resistance  and  pt  is 
the  resistivity  of  the  water  at  satura- 
tion temperature  t. 

Similarly  it  may  be  shown  by 
integration  that  the  resistance  of  the 
Iicmispherical  body  of  water  of  mean 
radius  L below  WL3  and  in  contact 
with  the  lieinisplicrical  electrode  tip 
of  radins  M is 


IR 


P,(l>  - M) 
27rl..M 


olnns 


(3) 


The  eonducti\it\’  ol  water  rises 
with  its  temperature  in  aeeordanee 
with  tlie  following  ecpiation: 


7t  = 7<in  I ()S)7,,^ 

inicromlio-cms 

y,  is  tlu'  eondneti\it\  at  satura- 
tion teiuperalni('  I .md  y,is  is  the  eon- 
dneti\  il\'  at  (iS°I'  or  20  ('. 


0.394  in®  V • 

Pt  = — — X 10  ohm-m  (o) 
7t 

Steam  Resistance  Factor 

Steam  bubbles  in  the  boiler  water 
increase  the  electrical  I'esistance  of 
the  circuit  as  shown  by  the  steam 
resistance  factor.  Fig.  2.  As  the  B A 
ratio  is  increased  the  potential  gradi- 
ent between  electrode  and  neutral  be- 
comes such  that  an  increasing  propor- 
tion of  the  steam  is  raised  near  the 
electrode  where  the  resistance  im- 
posed by  the  steam  bubbles  is  great- 
est. This  accounts  for  the  slope  of 
the  curve. 

The  steam  resistance  factor  may 
be  defined  as  the  ratio  of  the  resist- 
ance of  the  circuit  to  neutral,  deter- 
mined by  equation  ( 1 ) , to  the  cal- 
culated resistance  corresponding  with 
the  indicated  water  level  on  the  elec- 
trodes and  w'ith  no  allowance  for  the 
resistance  imposed  by  the  steam. 


Fig.  2.  Showing  the  relation  between 
the  B/.\  ratio  and  (1)  energy  concen- 
tration at  the  electrodes  (2)  the  steam 
resistance  factor. 


• « >»T  c 
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The  resistance  imposed  by  the 
bubbles  of  steam  would  tend  to  be 
greater  near  the  surface  of  the  water 
suiTounding  the  electrodes  than  at 
lower  levels.  There  is,  however,  a 
compensating  effect.  The  bubbles  of 
steam  decrease  the  weight  per  unit 
volume  of  water,  thus  causing  the 
water  to  rise  higher  on  the  electrodes 
than  the  indicated  level.  Because  of 
this  rise  in  water  level  electrodes  must 
be  made  longer  than  would  otherwise 
be  necessaiy. 

Fig.  3 shows  calculated  voltage 
gradients,  with  no  allowance  for 
steam  resistance,  and  corresponding 
hypothetical  voltage  gradients  result- 
ing from  the  resistance  imposed  by 
steam  bubbles.  Cuiwes  2 A and  2B 
indicate  that  little  would  be  gained 
in  circuit  resistance  by  making  dimen- 
sion L greater  than  3 M. 

Energy  Concentration 

In  equation  ( 1 ) above  the  cir- 
cuit resistance  R = R^.S  ohms  and 
the  energy  concentration  at  the  sur- 
face of  the  electrode  = I^-./Sf.S 
watts/cu.  in. 

Ip  is  the  current  density  in  amps/  in- 
and  Pi  is  the  resistivity  of  the  boiler 
water  in  ohm-ins  at  saturation  tem- 
perature. 

Fig.  2 shows  that  with  dimension 
A variable  minimum  energy  concen- 
tration on  the  vertical  sides  of  the 
electrodes  is  obtained  when  the  elec- 
trode diameter  is  such  that  the  ratio 
B A is  about  3/1. 

It  may  be  shown  by  calculation 
that  the  energy  concentration  on  the 
hemispherical  tips  of  the  electrodes 
is  theoretically  less  when  M equals 
A than  it  is  for  shorter  M dimensions, 
and  with  M equal  to  A the  energy 
concentration  on  the  hemispherical 
tips  is  about  three  times  greater  than 
it  is  on  the  vertical  sides  of  the  elec- 
trodes. Voltage  gradients,  see  Fig.  3, 
also  show  that  the  energy  concentra- 
tion in  the  water  surrounding  the 
electrodes  is  at  a maximum  at  the 
electrodes. 

As  long  as  the  steam  in  the  water 
remains  in  the  foi-m  of  bubbles  it 
serves  a useful  and  essential  service 
in  raising  the  electrical  resistance  of 
the  circuit.  If,  however,  the  energy 
concentration  at  the  electrode  tips, 
where  it  is  greatest,  exceeds  a critical 
value,  steam  envelopes  will  form 
through  which  the  electric  current 
makes  arcing  contact  with  the  elec- 
trodes, thus  causing  electrode  corro- 
sion and  unstable  boiler  operation. 

Waterspout  Action 

Waterspout  action  may  be  de- 
fined as  the  process  of  taking  water 
from  the  boiler,  mixing  the  feedwater 
with  it,  and  spouting  the  mixture  up 
and  around  the  tips  of  the  electrodes. 


Equipment  for  this  process  is  shown 
schematically  in  Figs.  4 and  5. 
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Fig.  3.  Voltage  gradients. 

Advantages  in  the  use  of  water- 
spout action  are:  (1)  the  peiTnissible 
value  of  energy  concentration  at  the 
electrode  tips  is  greatly  increased  and 
(2)  the  spouted  water  maintains  an 
electric  circuit,  allowing  the  water 
level  to  fall  below  the  electrodes  with- 
out a flashover  occurring  even  with 
operating  voltages  as  high  as  15  kv. 

This  improvement  in  operating 
conditions  permits  a boiler  to  be  op- 
erated either  with  feedwater  of  great- 
er conductivity  or  at  higher  operating 
voltages  and  the  load  range  is  ex- 
tended to  practically  no  load. 

The  degree  to  which  the  spouted 
water  prevents  steam  envelopes 
foiTning  on  the  tips  of  the  electrodes 
depends  mainly  on  its  cooling  effect. 
A considerable  portion  of  the  energy 


Fig.  4.  Sectional  view  of  a boiler  show- 
ing a tip-shielded  electrode  with  equip- 
ment for  waterspout  action. 


dissipated  at  the  electrode  tips  is  used 
in  raising  the  temperature  of  the  feed-  j 
water  to  saturation  temperature.  j 
To  limit  the  voltage  gradient  and 
concentration  of  energy  at  the  elec-  , 
trode  tips  as  the  water  level  falls  to  i 
WL2,  Fig.  4,  a substantial  volume  ; 
of  spouted  water  is  required.  With  , 
the  use  of  multiple-jet  waterspout  ! 
nozzles,  as  shown  in  the  plan  view  | 
7,  the  spouted  water  entrains  a large 
portion  of  boiler  water  and  the  re- 
quired volume  of  spouted  water  is 
obtained  with  only  part  of  it  being  i 
passed  through  pump  5. 

Boiler  Water  Oscillation 

It  has  been  found  experimentally 
that  if  water  is  spouted  vertically 
from  the  bottom  centre  of  a cylin-  ' 
drical  vessel  containing  water  to  a 
depth  equal  to  the  diameter  of  the 
vessel,  plus  or  minus  about  25%,  the 
body  of  water  oscillates.  An  explana- 
tion of  this  phenomenon  is  that  a 
mound  of  water  is  raised  at  the  sur- 
face of  the  body  of  water,  thus  in- 
creasing the  resistance  to  the  flow  of 
spouted  water  which  therefore  moves 
to  one  side  of  the  mound.  The  mound 
follows  and  violent  oscillation,  with 
the  spouted  water  tracing  a conical 
pattern,  rapidly  develops.  In  this  pro-  ; 
cess  the  mound  becomes  a wave  of 
surprising  amplitude.  ^ 

Unless  means  is  used  to  pre- 
vent it,  similar  oscillation  occurs  ' 
when  water  is  spouted  upwards  and 
around  the  tips  of  electrodes  sus- 
pended at  the  centres  of  cylindrical  ; 
neutral  shells  as  shown  in  Fig.  4. 
This  oscillation  makes  the  spouted 
water  ineffective  as  a means  for  pre- 
venting steam  envelopes  forming  over 
the  electrode  tips  and  electrode  cor-  , 
rosion  with  unstable  boiler  operation 
therefore  results. 

Tip-Shielded  Electrodes-^ 

The  electrode  2,  Fig.  4,  has  a 
tapered  tip  which  is  suiTounded  by  a 
metal  shield  8 at  a distance  to  pro- 
vide an  annular  space  between  tip 
and  shield,  the  shield  being  mechan- 
ically and  electrically  connected  to 
the  tip. 

Obviously,  if  all  the  spouted 
water  were  passed  through  the  an-  ’ 
nular  space  between  tip  and  shield 
boiler  water  oscillation  would  not  de- 
velop. A large  portion  of  the  spouted 
water  must,  however,  be  displaced  to 
the  outsides  of  the  tip  shields  where  > 
it  is  needed  to  prevent  steam  accumu- 
lation. It  has  been  found  in  practice 
that  oscillation  does  not  occur  unless 
the  portion  of  spouted  water  passing 
through  the  annular  space  is  reduced 
to  less  than  25%  of  the  total  volume. 
The  equipment  for  waterspout  action  i 
is  designed  to  obtain  about  50%  dis- 1 : 
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acement  of  spouted  water  to  the 
liter  sides  of  the  tip  shields.  The  use 
. multiple-jet  waterspout  nozzles  pro- 
des  a sufficient  volume  of  spouted 
4ter  for  adequate  coverage  of  the 
(3ctrode  tip  shields  and  for  limit- 
g the  voltage  gradient  as  the  water 
'yel  falls  below  the  electrodes. 

Although  the  current  density  and 
I'lergy  concentration  on  the  hemi- 


spherical tips  of  the  electrodes  are 
theoretically  less  when  dimension  M 
is  equal  to  dimension  A than  they  are 
for  shorter  M dimensions  there  are 
practical  considerations.  Tip  shields 
with  large  M dimensions  adversely 
affect  the  flow  of  spouted  water  and 
the  release  of  steam  from  the  water 
below  them.  For  electrodes  having  a 
diameter  greater  than  eight  or  nine 


inches  the  M dimension  is  therefore 
preferably  less  than  the  A dimen- 
sion. 

Automatic  Electrode  Boiler'^ 

The  automatic  electrode  boiler 
shown  schematically  in  Fig.  5 is  of 
a design  based  on  the  above  defini- 
tion of  electrical  characteristics. 


Fig.  5 Sectional  view  of  an  automatic  electrode  boiler. 
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Construction 

As  shown  in  the  sectional  view 
of  a typical  boiler,  a diaphragm  plate 
9 divides  the  boiler  shell  1 into  an 
upper  steam-release  compaitment  and 
a lower  section.  Three  cylindrical 
tubes,  part  3,  arranged  symmetrically 
at  120°,  open  into  the  diaphragm 
plate  with  which  they  are  w'elded. 
The  lower  ends  of  these  tubes  are 
mechanically  and  electrically  intercon- 


nected to  form  a grounded  neutral  for 
the  electric  circuit.  These  tubes,  or 
ground  shells,  divide  the  lower  sec- 
tion of  the  boiler  into  steam-generating 
compartments  and  a control  compart- 
ment. Tip-shielded  electrodes  2 are 
suspended  at  the  centres  of  the  tubes 
from  terminal  bushings.  Equipment 
for  waterspout  action,  substantially  as 
described  above,  is  provided.  The 
boiler  includes  automatic  control 
equipment,  a suitable  water  column 


19,  steam  dryer  20  and  other  stands 
aid  accessories.  i 

Automatic  Control  ! 

The  automatic  control  as  applied 
to  the  Kaelin  electric  boiler  has  beer 
described  in  an  earlier  paper.-  , 
Although  the  same  principles  are  ap 
plied  in  the  present  application,  som. 
alterations  in  control  equipment  havi 
been  made. 

The  controllers  shown  schemati 
cally  in  Fig.  5 are  of  the  air-operatec. 


I 

t 

Fig.  7,  Meter  chart  from  a 30  MW  Automatic  Electrode  Boiler  supplying  steam  in  a paper  mill.  The  outer  eurve  is 
steam  flow.  The  inner  curve  shows  the  automatically  controlled  boiler  steam  pressure.  The  fluetuations  in  steam  demand 
are  caused  by  interruptions  of  steam  flow  to  drs'ers  oecasioned  by  paper  breaks.  This  chart  illustrates  an  unusual  degree 
of  stability  and  preeision  in  control  performance. 
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'pe  which  proves  to  be  the  most 
itisfactoiy  for  regulating  large 
oilers. 

eedwater  Regulation 

As  shown  in  Fig.  5,  feedwater  is 
clmitted  to  the  boiler  under  control 
if  diaphragm  valve  VI,  which  in  turn 
responsive  to  liquid  level  controller 

2.  Since  all  water  entering  the  boiler 
1 excess  of  that  required  for  the 
)ad  is  automatically  transfeiTed  to 
le  control  compartment,  the  liquid 
'vel  controller  functions  to  maintain 
it  the  control  compartment  the  water 
>vel  WL5  at  which  stored  water  is 
provided  for  raising  the  water  level 
n the  electrodes  to  increase  load, 
nd  space  is  provided  for  transfer  of 
'ater  from  the  steam-generating 
pmpartments  to  decrease  the  load, 
'o  use  the  space  in  the  control  com- 
jartment  to  the  greatest  advantage 
Jnd  to  stabilize  feedwater  regulation 
he  controller  is  made  of  the  pro- 
ortional  type  and  adjusted  for  a 
j'ide  proportional  band. 

joiler  Steam  Pressure  Control 

The  boiler  steam  pressure  is 
maintained  on  the  set  point  of  con- 
oiler  14  by  controller  action  and  by 
df-regulation  inherent  in  the  design 
f the  boiler. 

The  size  of  diaphragm  valve  y2 
made  such  that  when  it  is  about  half 
pen  steam  passes  through  it  to  the 
antrol  compartment  at  a rate  equiva- 
:nt  to  about  1%  of  the  boiler  capacity, 
lanual  valve  V5  controls  the  flow  of 
earn  SB  bled  off  for  control  pur- 
oses.  This  steam  may  be  used  effi- 
iently  in  a de-aerator,  for  preheating 
le  feedwater  supply,  or  in  a low 
ressure  heating  system.  Valve  V5  is 
cljnsted  so  that  when  the  controlled 
ressnre  is  on  the  set  point  of  con- 
ollcr  14  valve  V2  floats  in  a half- 
pen position.  If  the  controlled  pres- 
ir('  deviates  from  the  set  point  of 
is'trnment  14,  the  opening  of  valve 
'2  is  automatically  changed  to  make 
)('  rate  of  steam  flow  into  the  con- 
()1  compartment  more  or  less  than 
ic  constant  rate  of  bleed  SB,  thus 
■ansing  transfer  of  water  between  the 
|('am-gcnerating  and  control  com- 
jartments  with  a corresponding  load 
liangc  in  the  direction  rociuired  to 
j'lurn  llu'  contiolled  prc.ssurc  to  the 
■I  iioint.  The  controller  is  provided 
ilh  proimrtional-position  action  with 
(Ijnslablc  proportional  band.  If  the 
■oiler  load  is  subject  to  suddenh' 
Pldied  change's  in  excess  of  25  per 
ient  ol  (he  boih'r  eapae'ity,  reset  ae- 
,on  is  (h'sirabic'. 

In  addition  to  the  eontrolh'r 
etion.  described  above,  (here  is  .sell- 
■gnlation  which  is  mainly  re'sponsible 
mr  th('  boih'r  load  following  the  steam 


demand  as  closely  as  is  indicated  by 
the  meter  chart.  Fig.  7.  The  dif- 
ference between  water  levels  WL4 
and  WL5  corresponds  with  a dif- 
ference in  steam  pressures.  Any 
change  in  the  controlled  boiler  steam 
pressure  therefore  causes  an  im- 
mediate transfer  of  water  in  the  direc- 
tion to  maintain  the  pressure  con- 
stant. Large  load  changes,  suddenly 
applied,  are  controlled  by  self-regu- 
lation with  the  proportional  con- 
troller action  functioning  to  make 
final  adjustments  of  the  controlled 
steam  pressure. 

Stand  pipe  1 1 determines  the 
low  limit  of  water  level  WLl  and  the 
minimum  boiler  load. 

The  meter  chart.  Fig.  7,  shows 
that  substantial  load  changes  are 
made  without  it  being  apparent  to  an 
attendant,  guided  by  a pressure 
gauge,  that  any  action  in  this  respect 
is  required.  Since  the  power  input  is 
made  to  follow  closely  the  steam  de- 
mand a high  degree  of  control  sra- 
bility  results. 

Maximum  Load  Control 

The  maximum  load  taken  by  the 
boiler  is  deteraiined  by  the  operation 
of  control  valve  V4,  located  in  the 
boiler  steam  outlet  and  made  respon- 
sive to  power  or  steam  flow  con- 
troller 15.  The  signal  W4  may  be 
either  from  apparatus  measuring  ( 1 ) 
the  total  load  on  a system  of  which 
the  boiler  load  is  part,  (2)  the  power 
taken  by  the  boiler,  or  (3)  the  rate 
of  steam  flow  from  the  boiler. 

As  the  set  point  of  instrument  15 
is  approached  control  valve  V4  auto- 
matically decreases  its  opening,  thus 
tending  to  cause  the  boiler  steam  pres- 
sure to  rise  and  the  boiler  load  to  be 
reduced  in  response  to  the  automatic 
steam  pressure  control. 

For  stable  operation  controller 
15  is  provided  with  proportional-po- 
sition plus  reset  action. 

While  valve  V4  is  being 
throttled  on  load  control,  the  boiler 
steam  pressure  remains  constant  bnt 
the  system  steam  pressure  falls  un- 
less it  is  maintained  by  associated 
boilers.  In  any  ca.se  the  electric 
boiler  continnes  to  function  as  a 
source  of  steam  at  constant  pressure. 

Boiler  Water  Condiielivity  Control 

.\s  boih'r  \\at('r  is  t'\apora(('d, 
th('  conc('ntration  ol  salts  in  solnlion 
and  th('  r('snlting  condncti\it\’  (('nd  to 
inert'ase  and  aix'  maintaiiu'd  constant 
by  the  operation  of  llu'  anlomatie 
condncti\ity  control  ('(luipnu'iit.  Con- 
troller 13  UK'asures  the  eonducti\it\ 
ol  wat('r  taken  Iroin  tlu'  boih'r  in 
response'  to  which  it  rc'gulate'S  blee'd 
\,il\('  Boih'r  water  bh'd  oil.  or 

blow  n dow  n,  lor  eondueti\  i(\'  eonti'ol 
is  replaced  b\  eonqraratix  i'l\  pure 


feedwater,  thus  maintaining  the  de- 
sired boiler  water  conductivity  at  the 
set  point  of  controller  13.  The  ad- 
ditional feedwater  supplied  for  con- 
ductivity control  increases  the  cooling 
effect  of  the  spouted  water,  thus 
making  it  more  effective  as  a means 
for  preventing  steam  accumulation  at 
the  tips  of  the  electrodes.  By  the  use 
of  proportional-position  controller  ac- 
tion the  maximum  sustained  cooling 
effect  is  obtained. 

Operating  Efficiency 

Neglecting  radiation  losses,  the 
heat  losses  on  w^hich  the  operating 
efficiency  depends  are  entirely  in  the 
blowdown  water  required  for  con- 
ductivity control.  The  rate  of  blow- 
down depends  on  the  ratio  of  boiler 
water  conductivity  to  feedwater  con- 
ductivity and  the  proportion  of  bicar- 
bonate hardness  in  the  feedwater.  As 
the  temperature  of  the  water  is  raised, 
calcium  bicarbonate  goes  to  the  less 
soluble  calcium  carbonate  w'ith  carbon 
dioxide  being  released 

CafHCO,).  ^ CaC03  + CO,  + H,0 
calcium  calcium  carbon  water 
bicarbonate  carbonate  dioxide 

The  precipitation  of  calcium 
carbonate  reduces  the  conductivit\'. 
thus  decreasing  the  required  rate  of 
blowdown  for  this  purpose. 

Factors  determining  the  required 
rate  of  blowdown  for  conductivity 
control  may  best  be  illustrated  by  a 
numerical  example.  Assume; 

1.  The  conductiviW  of  w'ater  to  be 
directly  proportional  to  its  hai'dness 
in  parts  per  million.  (For  relative 
vaines  conductivitx’  figures  in  micro- 
mho-ems  may  be  substituted  for  hard- 
ness in  ppm,  or  vice  versa.) 

2.  Boiler  operation  at  200  p.s.i.g. 
with  feedwater  at  a temperature  of 
200° F. 

3.  A feedwater  composition  of  S07 
condensate  and  20?  raw  water. 

4.  An  anahsis  of  the  raw  water  to 
.show  that  it  has  a condncti\ity  of 
125  micromho-ems  and  that  the  pro- 
portion of  bicarbonate  hardness  is 
snch  that  the  conductivity  is  likeb'  to 
fall  to  100  micromho-ems  when  the 
water  is  heated  to  saturation  tem- 
perature. 

5.  condensate  eondncti\  it\'  ol  10 
mieromho-cins. 

0.  Moistnix'  in  the  steam  as  pait  ol 
the  blowdown  and  tlu'  portion  (4  this 
moisture'  in  the  condensati'  tt)  be  ae- 
eonnted  for  b\-  the  c'oiuh'nsati’  .(in- 
ductivity. 

7.  20'(  blowdown. 

B.isi'd  on  tlu'se  .issunqitions,  I 'i 
('\ ('iv  1 (t  lb.  ol  w.it('r  adinitt('d  tc  t ■■ 
boih'r  S lb.  are  ('\  .(poratexl  a".l  ) 
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lb.  are  bled  off  for  conductivity  con- 
trol. The  10  lb.  of  feedwater  is  there- 
fore composed  of  6.4  lb.  of  conden- 
sate (80%  of  8)  and  3.6  lb.  of  raw 
water. 

Conductivity  of  feedwater: 

6.4  X 10  = 64 

3.6  X 100  = 360 

424/10 

= 42.4  micromho-cms 

To  maintain  a condition  of 
equilibrium,  soluble  solids  must  be 
taken  out  of  the  boiler  by  the  blow- 
down at  the  same  rate  as  they  are 
brought  in  by  the  feedwater.  The 
conductivity  of  the  boiler  water  must 
therefore  be: 

10X42.4  . 

= 212  imcromho-cms 

The  points  on  the  curve,  Fig.  6, 
are  detennined  by  assuming  various 
rates  of  blowdown.  At  100%  blow- 
down no  steam  or  condensate  is  pro- 
duced, but  the  feedwater  is  heated  to 
saturation  temperature,  thus  precipi- 
tating calcium  bicarbonate  as  calcium 
carbonate  and  reducing  the  conduc- 
tivity of  the  water  from  125  to  100 
micromho-cms. 

Assuming  that  the  boiler  is  de- 
signed for  operating  with  a boiler 
water  conductivity  of  200  micromho- 
cms,  the  required  rate  of  blowdown, 
as  shown  by  Fig.  6,  is  22%,  at  which 
for  every  10  lb.  of  water  admitted  to 
the  boiler  7.8  lb.  are  evaporated  and 
2.2  lb.  are  bled  off. 

If  the  boiler  is  operated  at  200 
p.s.i.g.  and  with  a feedwater  tem- 
perature of  200°F,  194  B.t.u.  are  re- 
quired to  heat  a pound  of  water  to 
saturation  temperature  and  the  latent 
heat  of  evaporation  is  837  B.t.u  ^Ib. 
The  total  heat  supplied  for  each  10 


Fig.  6.  Relation  between  boiler  water 
conductivity  and  rate  of  blowdown  for 
given  feedwater  conditions. 
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lb.  of  water  admitted  to  the  boiler  is 

(10  X 194)  -1-  (7.8  X 837)  = 8470  B.t.u. 
Assuming  3400  B.t.u. /kwh. 

„ , 3400  X 7.8 

Ib.-steam/kwh.  = = 3.13 

If  there  were  no  blowdown,  10  Ih.  of 
steam  would  be  produced  by 

(10  X 194)  -b  (10  X 837)  = 10,310B.t.u. 

Ib.-steam/kwh.  = = 3.30 

Operating  efficiency 

The  efficiency  of  electrode 
boilers  usually  falls  between  93%  and 
99%  depending  on  the  conductivity  of 
the  raw  water,  the  percentage  of  the 
steam  returned  to  the  boiler  as  con- 
densate, boiler  size,  and  operating 
voltage. 

Operation  at  13.2  kv. 

The  energy  concentration  at  the 
electrodes 

le  ■ Pt  • S oc  E'  • 7t  • ^ and 

and  the  B/A  ratio  as  shown  in  Fig.  2. 
From  this  relation  it  is  seen  that  the 
energy  concentration  is  directly  pro- 
portional to  the  square  of  the  applied 
voltage  E and  inversely  proportional 
to  the  size  of  the  boiler. 

When  designing  a boiler  for  opera- 
tion at  voltages  lower  than  13.2  kv.  it 
is  necessary  to  choose  a B/A  ratio 
such  that  the  required  range  of  load 
will  be  obtained  with  the  desired 
range  of  water  level  on  the  electrodes. 
For  13.2  kv.  operation  the  electrode 
diameter  is  made  to  obtain  a B/A 
ratio  of  between  3/1  and  3.5/1  for 
minimum  energy  concentration.  The 
limitation  is  then  in  the  size  of  the 
boiler  and  the  permissible  conductivity 
of  the  boiler  water. 

The  conductivity  of  natural 
water  depends  on  the  hardness  in  it 
which  varies  widely  throughout  the 
world,  depending  on  the  geological 
formations  in  contact  with  the  water. 
For  electrode  boiler  feedwater  a dis- 
tinction must  be  made  between  non- 
carbonate and  bicarbonate  hai'dness 
since  the  latter  is  reduced  by  heat. 
Water  from  a Laurentian  or  Rocky 
Mountain  watershed  is  found  to  be 
suitable  for  13.2  kv.  boilers.  The  con- 
ductivity of  the  St.  Lawrence  River 
water  is,  however,  too  high. 

Although  the  cost  of  water  puri- 
fication would  tend  to  make  the 
operation  of  electrode  boilers  uneco- 
nomical, if  a boiler  is  operated  in  a 


closed  system  the  cost  of  demineraliz-’ 
ing  a relatively  small  amount  of  water,! 
required  to  replace  leakage  from  thei 
system,  would  be  worth  considering 
in  comparison  with  the  cost  of  a 
transformer  installation  for  boiler’ 
operation  at  a lower  voltage. 

Modifications 

The  high  voltage  electrode  boiler, 
above  described,  was  developed  pri-' 
marily  for  the  utilization  of  off-peak, 
hydro-electric  power  to  produce; 
steam.  Modifications  of  the  design  for' 
various  applications  may,  however,  be' 
made.  ; 

Low  Capacity  Boilers 

Although  air-operated  controllers 
are  used  to  advantage  in  the  operation 
of  large  boilers,  their  cost  is  out  ol 
proportion  to  the  cost  of  boilers  in 
sizes  up  to  1000  kw.  or  larger.  For 
relatively  small  boilers  it  has  been 
found  that  more  simple  control  equip- 
ment may  be  used  with  little  loss  in  r 
control  performance.  For  example,  a 
pressure-reducing  valve  reverse-con- 
nected and  provided  with  a suitable, 
spring  for  the  desired  proportional 
band  may  be  substituted  for  control! 
valve  V2,  Fig.  5;  the  feedwater  regu- 
lation may  be  performed  by  a floali 
switch  arranged  to  control  a feedwatei  ' 
pump;  and  load  control  may  be  satis- 
factorily performed  by  a suitable; 
motor-operated  valve  made  respon-' 
sive  to  overload  devices.  Although, 
these  simple  controls  lack  the  adjust 
ment  and  precision  of  air-operated , 
controllers  they  prove  to  be  adequate' 
for  applications  of  this  class.  ‘ 
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Iscussion  hij 
C M.  Shrum 

The  industrial  and  economic  life  of  British 
!.  lumbia  is  inextricably  tied  up  with  the 
nlti-purpose  use  of  our  great  rivers.  The 
nst  important  of  these  is  the  Fraser,  which 
vh  its  tributaries  constitutes  one  of  the 
vrld’s  greatest  spawning  areas  for  an- 
aomous  fish.  The  Fraser  also  provides 
l main  centres  of  population  in  British 
t lumbia  with  their  greatest  potential  for 
i xpensive  hydro-electric  power.  There  are 

< icr  large  river  systems  in  British  Columbia 
I . none  so  important  to  our  fisheries  and 
I le  that  offers  such  a potential  for  in- 
I )ensive  energy.  Furthermore,  there  is  a 
I ;d  for  flood  control  on  the  Fraser  which 
i dd  be  met  by  power  dams  and  reservoirs. 

The  authors  have  reviewed  the  picsent 
!•  te  of  knowledge  of  the  problem  of  getting 
■ling  and  adult  fish  past  power  dams, 
ey  also  report  on  some  original  experi- 
laital  work  by  Professor  Muir  on  the 

< ccts  of  pressure  and  cavitation  on  finger- 
Igs  passing  through  turbines. 

Making  use  of  the  latest  available  in- 
I inalion  on  fish  ladders  ami  other  ilata 
ijinciated  with  the  migration  of  young  and 
lull  fish  the  authors  have  pul  forward 
|ecific  proposals  for  a 71)0, ()()()  h.p.  100  ft. 
■Im  at  Spuz/.um.  Iheir  suggestion  that  this 
jucture  shouhl  be  designed  so  that  further 
iperiments  on  the  passage  of  fish  could 
1 undertaken  seems  to  be  eminctitly  sen- 
'le.  They  even  suggest  that  if  at  any  lime 
s iitstallation  might  seriously  interfere  with 
i;  passage  of  fish  the  turbines  could  be 
ut  ilown  and  the  power  load  taken  up  by 
her  plants  which  at  the  fish  migration 
lies  usually  have  a surplus  eai'acity. 


All  will  endorse  the  authors’  plea  for 
further  engineering  research  and  develop- 
ment in  this  very  important  field.  However, 
our  present  state  of  knowledge  seems  to 
have  reached  the  point  where  one  100  ft. 
dam  could  be  built  on  the  Fraser  without 
interference  with  fish  migration.  This  dam 
could  be  used  for  research  and  experimen- 
tation and  might  pave  the  way  for  further 
developments  which  would  ensure  to  the 
people  of  British  Columbia  both  the  preser- 
vation of  their  fish  runs  and  the  provision 
of  cheap  power.  The  expenditures  entailed 
in  such  a research  and  development  pro- 
gramme would  be  dwarfed  by  the  benefits 
which  would  ensue.  This  paper  makes  a 
significant  contribution  to  this  vital  prob- 
lem. 

Discussion  by 
G.  B.  Collins 

Dr.  Muir  and  Dr.  Ruus  have  reviewed 
with  care  those  aspects  of  recent  fisheries- 
engineering  research  that  appear  to  apply 
to  the  dam  proposed  near  Spuzzum  on  the 
Fraser  River.  Although  a few  of  the  de- 
tails of  their  review  need  closer  scrutiny, 
Iheir  main  argument  that  safe  passage  for 
fish  could  be  provided  at  the  100  ft.  high 
dam  appears  to  be  reasonable  and  sup- 
ported by  factual  information.  However, 
the  authors  admit  that  more  research  is 
necessary  before  the  problems  involved  in 
safeguarding  migrant  fish  are  actually 
solved,  and,  lowaicl  that  end  a program 
of  fisherics-engineering  researeh  is  proposed 
to  obtain  the  needeil  information 

One  part  of  the  proposcil  research  in- 
volves model  studies  of  the  riam  examin- 
ing hydraulic  features  of  spillway,  turbines 
and  fishways.  Model  sluilies  of  this  nature 
are  recognized  as  an  important  part  of  the 
planning  of  lish  facilities  for  major  dams 
on  the  Columbia  River  system.  Model 
sluilies,  however,  ilo  not  contribute  any 
new  information  on  the  reiiuiremenls, 
abilities  or  behavior  of  the  lish  in  i|uestion. 
h'or  researeh  on  adult  fish  the  authors  sug- 
gest an  auxiliary  channel  be  placed  ad- 
jacent to  a lish  ladder  at  the  first  dam 
constructed  on  the  I raser  River  lor  in- 
vestigating types  of  fish  laihlers.  I’resum- 
ably,  a program  of  tisluvay  research  similar 
to  the  one  in  progress  at  the  1 isheiies- 
I ngineeiing  Research  I .iboiati’iy  at  Bonne- 
ville Dam'  is  envisaged.  I he  authois  point 


out  that  the  results  of  this  research  would 
apply  to  the  design  of  fishways  at  future 
dams.  For  research  on  downstream  migrants, 
facilities  are  suggested  for  testing  models  of 
turbine  runners  to  determine  relationships 
between  various  turbine  characteristics  and 
fish  mortality.  Again,  the  authors  acknowl- 
edge that  results  of  the  research  will  apply 
to  future  power  plants.  Thus,  the  fisheries- 
engineering  research  proposed  in  connection 
with  the  Spuzzum  Dam  would  contribute 
little  or  nothing  toward  the  design  of  fish 
passage  facilities  for  what  would  be  the 
first  and  possibly  the  critical  dam  on  the 
Fraser  River. 

In  the  plan  outlined  by  Dr.  Muir  and  Dr. 
Ruus  the  research  would  begin,  “if  and 
when  the  first  low  head  dam  is  constructed 
in  the  Fraser.”  An  alternative  is  suggested 
and  that  is  to  do  the  necessary  research 
before  any  dam  is  built.  Collins'  has  pointed 
out  that,  “It  is  entirely  possible  and  reason- 
able to  measure  the  performance  of  fish  in 
full  scale  fishway  structures  in  the  Fraser 
and  in  Alaskan  rivers  even  before  any  dams 
are  constructed.  Solutions  have  been  pro- 
posed for  fish  passage  problems  at  high 
dams  and  at  low  dams.  These  should  be 
tested  before  they  are  accepted  as  solu- 
tions and  set  in  concrete.  By  acquiring  a 
knowledge  of  fish  reactions  to  specific  fish- 
way situations  beforehand  much  of  the 
guess  and  gamble  of  new  fishway  designs 
could  be  eliminated.” 

Arguing  further  on  the  same  theme.  Col- 
lins- (1959)  states  that  "information  on  fish 
behavior  required  for  designing  new  fish- 
ways is  obtainable  even  before  the  dams 
are  built,  .lust  as  test  borings  of  rock  forma- 
tions determine  in  advance  the  feasibility 
of  certain  types  of  construction  at  specific 
dam  sites — so  can  research  on  fish  behavior 
determine  in  advance  the  feasibility  of  cer- 
tain types  of  fish  passage  facilities  at  given 
locations  with  specilic  runs  of  lish.” 

It  IS  important  to  recognize  that  possible 
solutions  and  promising  lines  of  research 
toward  solutions  are  not  solutions  in  fact. 
In  proposing  power  development  in  a ii\er 
system  such  as  the  I- raser  where  fish  pas- 
sage problems  are  of  a \asil\  different 
magnitude  than  in  the  Columbia  Roci.  a 
demonstrated  ability  to  safeguard  the  pas- 
sage of  upstream  and  downstream  migrants 
at  a particular  site  might  do  much  to  o\cr- 
comc  the  objections  of  lishcty  organizations. 

I ('<>n/innc(/  .m  lu  xt  ;>();!< 
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Discussion  by 
G.  H.  Vou  Gnnten 

The  authors  have  devoted  a considerable 
portion  of  their  paper  to  the  subject  of 
passage  of  downstream  migrants  through 
turbines  with  specific  reference  to  several 
experiments  conducted  under  the  Corps  of 
Engineers  Fisheries  Research  Program.  Ad- 
ditional tests  through  both  model  turbines 
at  York.  Pa.,  and  prototype  turbines  at 
Cushman  No.  2 have  been  made  supple- 
menting those  referred  to  by  the  authors. 
Results  are  compatible  with  those  previ- 
ously observed  and  are  summarized  in  the 
following  discussions. 

In  1958,  a review  was  made  of  known 
test  data  and  factual  evidence  of  injury 
to  fingerlings  in  passing  through  turbines 
and  by  exposure  to  high  hydrostatic  pres- 
sures. This  review  did  not  disclose  any 
factual  evidence  which  specifically  indi- 
cated injuries  were  related  to  high  positive 
hydrostatic  heads.  In  several  instances,  such 
as  the  Elwha  tests,  mortality  was  ob- 
served where  one  of  the  exposure  conditions 
was  a hydrostatic  head  exceeding  100  ft. 
However,  negative  pressures,  hydraulic  tur- 
bulence. mechanical  injury,  and  other  fac- 
tors could  well  have  been  the  cause  of 
death.  With  this  in  mind,  and  in  view  of 
the  apparent  reduction  in  survival  at  Big 
Cliff  under  inefficient  part-load  operation, 
it  was  evident  that  an  analysis  of  the  sig- 
nificance of  negative  pressures  in  turbine 
passageways  would  be  of  value.  After  con- 
siderable investigation,  it  was  deemed  likely 
that  survival  as  related  to  the  extent  of 
negative  draft  tube  pressures  or  cavitation 
could  be  explored  by  passing  small  fish 
through  12  in.  diameter  model  turbine  run- 
ners. The  first  experiments  conducted  at 
the  Allis-Chalmers  laboratory  at  York,  Pa., 
under  operating  heads  up  to  45  ft.,  proved 
conclusively  that  turbine  runner  setting  in 
relationship  to  tailwater  was  a major  factor 
in  survival.  Varying  directly  with  the  speed, 
mechanical  injuries  killed  from  5 to  50% 
of  the  fish  under  high  tailwater  conditions. 
The  kill  could  be  increased  to  nearly  100% 
by  raising  the  runner  setting.  This  finding 
indicated  that  negative  pressures  and/or 
cavitating  conditions,  not  high  positive 
hydrostatic  heads,  caused  injury.  Conse- 
quently. it  was  decided  to  conduct  tests 
at  a high  head  prototype.  City  of  Tacoma, 
Cushman  No.  2 plant,  with  a power  head 
of  470  ft.,  appeared  the  most  favorable  to 
achieve  a high  recovery  of  test  specimens, 
a significant  survival,  and  the  possibility  of 
demonstrating  a change  in  survival  associ- 
ated with  a change  in  tailwater  level.  Sur- 
vival of  about  75%  was  achieved  under 
favorable  turbine  operating  conditions. 
Definite  changes  in  survival  were  also 
noted  as  related  to  tailwater  level  and  tur- 
bine efficiency  associated  with  both  part- 
load and  overload  operating  conditions. 

Although  the  Cushman  No.  2 prototype 
tests  were  very  promising  toward  successful 
passage  at  high  head  plants,  approximately 
60%  of  the  injuries  experienced  were  of 
mechanical  nature.  In  view  of  this,  addi- 
tional tests  were  conducted  at  York  which 


involved  the  following  physic,'  variables: 
(a)  number  of  runner  blades;  (b;  number 
of  wicket  gates;  (c)  clearar  e between 
wicket  gates  and  runner  blades;  and  (d) 
size  of  test  fish. 

A significant  change  in  survival  was 
demonstrated  to  be  associated  with  each 
variable.  A relatively  small  change  in  clear- 
an  ; (%  in.  or  one-fifth  the  length  of  test 
fish)  between  the  intake  edge  of  blades 
and  wicket  gates  increased  survival  from 
73%  to  83%  at  537  r.p.m.,  representing 
a 37%  reduction  in  kill.  In  view  of  the 
results,  additional  tests  were  performed  at 
Cushman  No.  2 using  graded  fish  3 in.  and 
6 in.  in  length  to  investigate  the  relation- 
ship of  fish  size  to  survival.  A summary 
of  test  results  follows. 


Cushman  No.  2 Tests — 1961 


Wicket  Gate 

Percent 

Total  Survival* 

Position 

3 in.  Silver 

6 in.  Steelhead 

Salmon 

Trout 

.40 

34.5 

.50 

50.9 

51.9 

.60 

59.5 

38.6 

.68 

60.5 

42.3 

.76 

72.0 

50.0 

.84 

68.4 

33.8 

.99 

64.9 

'•'Average  of  all  tests 


Highest  survival  of  one  test  with  silver 
salmon  was  76%  at  .76  gate. 

Lowest  survival  of  one  test  with  silver 
salmon  was  32%  at  .40  gate. 

Since  the  recovery  of  6 in.  steelhead  was 
only  83%,  compared  with  96%  for  three- 
inch  silvers  and  100%  for  planted  dead 
fish,  the  survival  was  probably  appreciably 
greater  than  the  indicated  results. 

It  appears  from  these  results  that  the 
relationship  of  turbine  speed  to  the  ap- 
proximate wicket  gate  blade  clearance  at 
Cushman  No.  2 is  well  beyond  critical  for 
the  6 in.  fish  but  approaches  being  ade- 
quate for  the  3 in.  fish,  and  that  relatively 
small  increases  in  clearances  would  elimin- 
ate any  significant  mechanical  injury. 

None  of  the  five  test  programs  have  pro- 
vided evidence  that  the  magnitude  of  hydro- 
static heads  is  a significant  factor  to  the 
survival  of  fish  in  passing  through  turbines. 
The  tests,  however,  conclusively  demon- 
strate that  design  features  and  operational 
characteristics  are  important  to  survival. 
These  findings  give  much  promise  to  safe 
passage  through  properly  designed  high 
head  turbines.  They  also  demonstrate  that 
turbine  design  and  operational  character- 
istics even  for  low  head  turbines  must  be 
favorable  to  assure  safe  passage. 

Discussion  by 
Frederick  K.  Cramer 

The  techniques  and  procedures  used  in 
the  tests  conducted  by  the  U.S.  Army  Corps 
of  Engineers  on  fish  passage  through  tur- 
bines have  aroused  considerable  interest. 
A brief  review  of  techniques  and  procedures 
used  in  the  Cushman  tests  will  supplement 
Mr.  Von  Gunten’s  discussion  of  the  re- 
sults obtained. 

The  basic  problem  involved  introducing 
test  fish  positively  and  safely  into  the  pen- 
stock and  safely  recovering  a large  percent- 
age of  them  after  they  had  passed  through 
the  turbine  into  the  tailrace.  Introduction 
into  the  penstock  was  accomplished  by  use 
of  a fish  lock,  and  capture  of  both  test 
and  control  fish  was  made  by  use  of  a 
large  nylon  net  that  strained  the  entire 
turbine  discharge  of  800  c.f.s.  and  led  the 
fish  to  the  live  box  attached  to  the  distal 
end  of  the  net. 

The  fish  lock  was  essentially  a 12  in. 
diameter  pipe,  4 ft.  long,  and  fitted  with 
valves  at  each  end.  At  the  discharge  end 
of  the  lock,  a 4 in.  diameter  pipe  led  the 


fish  into  the  pensto'  The  end  of  this  j 
pipe  was  tapered  a.  raced  downstream  i 
so  as  to  direct  fish  into  the  flow.  Com-  \ 
pressed  air  gently  moved  the  fish  and  water  I 
out  of  the  lock  into  the  penstock. 

The  large  net  was  8“’  ing,  29  by  23  ; 
ft.  at  the  forward  op  tapered  to  a • 

3 X 3 ft.  opening  at  istal  end  and 

was,  in  reality,  three  fitted  and  at-  , 

tached  together.  The  iront  end  of  the  net 
was  attached  to  a net  frame,  the  frame  ^ 
being  set  on  the  bottom  of  the  tailrace  and  ' 
flush  against  the  pier  noses.  The  net  frame  ■ 
and  net  weighed  approximately  five  tons  , 
and  the  entire  assembly  was  lifted  and 
placed  into  position  by  a crane. 

The  scoop  trap  at  the  end  of  the  net  j 
was  9 ft.  long  and  5 ft.  wide,  containing  | 
an  inclined  plane  of  eight-mesh,  27  gage  ; 
screen  leading  from  the  forward  opening 
to  the  live  box,  a sanctuary  at  the  rear  of  | 
the  trap.  A baffle  plate,  hinged  at  the 
downstream  end  of  the  inclined  plane  and  , 
extending  into  the  live  box  created  an  ex- 
cellent resting  area  in  the  live  box.  The 
entire  trap  was  trimmed  and  set  in  the  best  ^ 
fishing  position  by  means  of  compart- 
mentized  floats. 

Tattooed  test  and  control  fish  were  trans- 
ported to  the  plant  for  each  test,  with  the  ^ 
test  fish  released  through  the  lock  at  the  , 
upper  end  of  the  penstock  and  the  control 
fish  released  through  a standard  planting  , 
hose  from  the  powerhouse  tailrace  deck  into 
the  net.  After  removal  from  the  live  box, 
all  fish,  test  and  control,  were  placed  into 
a tank  truck  and  returned  to  the  hatchery  , 
for  holding  to  record  delayed  mortalities 
and  type  and  extent  of  injuries  occurring 
in  dead  and  injured  fish. 

In  these  tests  at  Cushman  No.  2 hydro- , 
electric  plant,  fish  were  obtained  from  Wash- , 
ington  State  Department  of  Game  and  U.S. 
Fish  and  Wildlife  Service;  certain  services,  | 
including  tattooing  and  fish  hauling,  were  : 
obtained  from  Washington  State  Depart-  ' 
ment  of  Fisheries;  and  pathological  exam- 
inations were  performed  by  the  U.S.  Fish , 
and  Wildlife  Service.  | 

In  the  1961  tests  at  Cushman,  recovery; 
of  test  silver  salmon  was  96%  of  those 
planted,  recovery  of  control  fish  was  84%,' 
recovery  of  all  fish  was  92%.  Known  dead! 
fish  were  planted  through  the  penstock  on 
four  different  occasions.  All  of  these  were 
recovered  in  the  live  box.  This  would 
strongly  indicate  that  the  fish  not  captured 
were  alive  and  probably  remained  in  the 
tailrace  or  draft  tube  area.  A few  may  have 
managed  to  swim  upstream  in  the  penstock 
from  the  lock  to  the  surge  tank,  especially 
the  stronger  swimmers  during  tests  on  re- 
duced power  loadings.  Inspection  of  the 
inside  of  the  net  by  scuba  divers  midway, 
in  the  test  program  revealed  no  pockets  ol| 
dead  fish.  , 

No  tests  had  to  be  repeated  because  ol| 
malfunctions  in  equipment  or  inconsisten 
cies  in  procedure.  Individual  test  results  fo'; 
any  particular  wicket  gate  position  testeci 
were  consistent,  and  maximum  variatiot 
for  any  individual  test  at  the  same  gatci 
position,  using  silver  salmon,  was  abou 
3%  from  the  mean  for  that  particular  series  | 

Experience  gained  in  development  of  proij 
cedures  and  equipment  used  in  the  testi 
utilizing  model  turbines  was  of  great  help 
in  development  of  similar  techniques  tha 
could  be  applied  to  large  prototype  con; 
ditions. 

Cost  of  the  1960  tests  was  approximate! 
$35,000,  including  all  operational  costs  plu  ' 
the  design  and  manufacture  of  equipment  jj 
The  1961  tests  cost  approximately  one-hal  ; 
of  this  amount  due  to  reduction  in  equip 'i 
ment  cost. 

(Continued  on  page  67)  ! 
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i (Continual  from  page  64) 
iiithors  Reply 

We  wish  ‘o  ’■ess  appreciation  to  those 
ho  hav  ed  to  the  discussion  of 

II  r pafo  ^ 

We  are,  0i  .t,  gratified  to  have  our 
lews  corrobora.  by  Dr.  Shrum  who  has 
icceeded  admirably  in  summarizing  the 
■ajor  aspects  of  the  problem  of  multi- 
urpose  development  of  the  rivers  of  B.C. 
Dr.  Collins  says  that  “the  fisheries-engi- 
sering  research  proposed  in  connection 
ith  the  Spuzzum  dam  would  contribute 
ttle  or  nothing  toward  the  design  of  fish- 
assage  facilities  for  what  would  be  the 
rst  and  possibly  the  critical  dam  on  the 
raser  River.” 

We  believe  that  the  first  dam  at  Spuzzum 
ould  not  be  the  critical  one  on  the  Fraser, 
onstruction  of  the  dam  would  result  in 
lundation  of  several  rapids  in  the  reser- 
Dir  in  which  the  minimum  velocity  during 
le  period  of  peak  migration  of  adult  fish 
fould  be  about  V2  f.p.s.  The  fish  ladders 
!i  the  dam  would  replace  the  Hell’s  Gate 
shway. 

: Tests  at  Columbia  River  dams  indicate 
lat  attraction  of  fish  to  the  ladders  is 
'rongly  dependent  on  the  amount  of  at- 
faction  water  supplied.  On  the  Fraser  at 
l^uzzam  during  the  migration  period  of 
idult  fish,  large  quantities  of  surplus  water 
om  the  reservoir  are  available  for  dis- 
Iribution  over  the  entire  width  of  the  river 
ind  at  the  fishway  entrances. 

The  critical  question  to  be  answered  is 
♦How  would  the  time  of  passage  of  adult 
lish  through  the  Spuzzum  reservoir  com- 
kre  with  the  time  of  passage  through  the 
■leH’s  Gate,  Scuzzy,  and  Black  Canyon 
I apids?”  We  believe  that  the  Spuzzum  dam 
'rould  result  in  a reduction  in  delay  in 
Migration  of  adult  fish  through  an  11  mile 
;ngth  of  the  river. 

Dr.  Collins  has  made  the  interesting  pro- 
osal  that  fishways  be  built  and  that  the 
erformance  of  fish  be  measured  in  them 
rior  to  construction  of  dams  on  the  Fraser, 
his  idea  should  be  given  careful  study. 
Hydraulic  model  studies  of  the  ladders 
roposed  by  Dr.  Collins  would  be  invalu- 
ble  in  predetermining  the  water  velocities 
: i the  full-scale  ladders  as  well  as  those 
t the  river  at  all  stages  before,  during  and 
fter  construction  of  dams.  The  risk  of 
t iterference  with  fish  migration,  resulting 
‘ ’om  dam  construction,  would  be  mini- 
I lized  by  such  studies  of  hydraulic  flow 
' atterns. 

t The  research  projects  on  passage  of 
t oung  fish  through  the  model  turbines  at 
ie  Allis-Chalmers  Co.  laboratory  and 
■ hrough  the  full-size  turbines  at  the  Cush- 
aan  plant  are  among  the  most  important 
rojects  arising  from  the  Corps  of  Engi- 
lecrs’  Fisheries-Engineering  Research  Pro- 
Irani.  We  wish  to  express  appreciation  to 
' Vlr.  Von  Gunten  and  Mr.  Cramer  for  their 
liscussion  which  brings  information  on  this 
‘ lesearch  up  to  date. 

The  recent  fiill-scalc  tests  at  the  Cush- 
nan  plant  give  further  confirmation  of 
laboratory  findings  showing  that  neither 
ligh  hydrostatic  heads  nor  the  rate  of  re- 
luction  in  pressure  are  significant  factors 
n causing  mortality  among  fish  passing 
hrough  turbines. 

These  tests  also  showed  that  an  improve- 
nent  in  survival  rates  can  be  achieved  by 
modifications  in  design,  setting,  aiul  oper- 
;iting  conditions  of  turbines.  We  believe 
hat  in  low  head  plants,  with  properly  de- 
ligneil  turbines  operating  uiuler  best  hy- 
Iraulic  conditions,  a survival  rate  cU'se  to 
Itltt'tT  coulil  be  achieved. 
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Discussion  by 
Nathan  Cohn 

I find  myself  in  agreement  with  the  basic 
conclusions  outlined  by  Mr.  Long,  namely, 
that  members  of  a power  interconnection 
should  adopt  a progressive  and  co-operative 
attitude  toward  the  problems  of  regulation, 
should  embrace  advances  in  regulating  con- 
cepts and  equipment,  and  should  seek  to 
dispatch  and  regulate  their  respective  areas 
so  that  overall  system  operation  achieves 
optimum  reliability  and  economy  for  cus- 
tomers and  utilities  alike. 

Co-ordination  of  Controls  for  Non- 
Interacting  Operation 

Throughout  Mr.  Long’s  paper  there  is 
emphasis,  which  I think  very  appropriate, 
on  the  need  for  co-ordinating  the  many 
control  entities  that  can  simultaneously 
share  in  the  solution  of  the  overall  regu- 
lating problem. 

On  a typical  multiple-area'  interconnec- 
tion, these  control  entities  would  include 
many  net  interchange  tie-line  bias  control- 
lers, a number  of  supplementary  allocation 
controls  for  the  regulating  units,  and  the 
governors  themselves  on  the  large  number 
of  turbine-generators  that  make  up  the 
interconnection.  All  of  these  many  control 
entities  are  generally  able  to  respond  con- 
currently to  their  respective  input  signals, 
each  seeking  to  do  its  part  of  the  overall 
regulating  need.  Manifestly,  it  is  important 
that  this  considerable  number  of  concur- 
rently operating  control  devices — there  may 
be  as  many  as  several  hundred  of  them  on 
a large  interconnection — perform  co-opera- 
tively with  respect  to  one  another,  with 
each  preferably  doing  only  that  which  it 
is  supposed  to  do,  and  refraining  from 
doing  that  which  it  is  not  supposed  to  do. 
When  that  is  not  the  case,  when  regulators 
take  action  which  they  are  not  supposed 
to  lake,  they  only  induce  a cycle  of  further 
regulating  steps  to  undo  the  improper  action 
that  has  been  taken,  resulting  in  unneces- 
sary regulation  for  the  system  as  a whole. 

In  brief,  best  overall  regulation  is  ob- 
tained when  all  of  the  many  control  en- 
tities, at  the  area  level,  the  station  level, 
and  the  unit  level,  are  co-ordinated,  with 
each  acting  in  accordance  with  predeter- 
mined operating  criteria  to  correct  errors, 
and  not  to  create  them.  Optimum  regulation 
is  that  minimum  regulation  which  will  ful- 
fill a predetermined  criteria  established  for 
the  system  as  a whole,  for  each  area  of  the 
interconnection,  and  for  each  station  and 
generating  unit.  Mr.  Long  very  properly 
emphasizes  the  importance  of  control  con- 
cepts and  executions  which  will  achieve  the 
necessary  regulation  with  minimum  intei- 
action. 

Aspects  of  Control  Execution 

In  discussing  how  best  ti'  achieve  such 
non-interacting  co-oidination.  Mr.  1 ong 
analyzes  a number  of  important  factors, 
such  as  steady  state  versus  transient  cotulr 
lions,  slow  versus  fast  responses,  propor 


tional  versus  integral  actions,  and  sustained 
versus  fringe  controls.  Certainly  each  of 
these  matters  must  be  carefully  considered 
for  each  control  installation,  though  it  is 
quite  possible  that  different  combinations 
of  arrangements  might  be  selected  to  meet 
the  conditions  and  requirements  of  a given 
installation. 

It  might  be  helpful  to  identify  three 
separate  steps  that  can  prevail  in  the  gen- 
eration control  process,  examining  them 
briefly  in  terms  of  some  of  the  factors 
which  Mr.  Long  discusses. 

The  three  steps  to  which  I refer  are: 

(1)  Computing  the  generation  level  de- 
sired at  any  given  time  for  the  area,  or  for 
the  station,  or  for  the  unit  under  con- 
sideration; and  developing  an  error  signal 
which  represents  the  difference  between 
this  desired  generation  and  the  actual  pre- 
vailing generation. 

(2)  Developing  a control  signal  from 
this  error  signal. 

(3)  Applying  the  control  signal  to  the 
controlled  energy  source. 

The  first  step  should  certainly  be  carried 
out  as  rapidly  as  possible.  Where  it  in- 
volves a number  of  variables,  as  in  a net 
interchange  tie-line  bias  measurement,  every 
effort  should  be  made  to  achieve  simul- 
taneity of  measurement,  so  that  the  re- 
sultant of  the  measurement  is  truly  repre- 
sentative of  the  prevailing  generation  need. 
Further,  I believe  this  step  need  in  general 
concern  itself  only  with  the  steady  state 
need,  the  dynamic  response  needs  being 
taken  care  of  in  the  second  and  third  steps. 
Also,  this  first  step  can  produce,  as  for  a 
station  or  a generating  unit,  a desired  gen- 
eration level  which  represents  either  (a) 
the  level  needed  for  economy  dispatch,  i.e. 
a sustained  assignment,  (b)  the  level  needed 
for  participation  in  area  regulation,  i.e.  an 
area  assist  or  fringe  assignment,  or  (c) 
combinations  of  the  two. 

It  should  be  noted  that  the  terms  “sus- 
tained” and  “fringe”  as  used  here  do  not 
define  the  way  in  which  control  is  to  be 
executed,  but  rather  they  define  the  nature 
of  the  desired  generation  assignment  re- 
sulting from  a change  in  customer  load. 

In  general,  most  systems  operators  w'ould 
be  happy  to  have  each  increment  of  custo- 
mer load  change  taken  once  by  that  source 
or  those  sources  which  are  to  retain  the 
change  for  its  full  duration.  But  pre- 
vailing economy  dispatch  allocations  some- 
times involve  units  which  cannot,  for  one 
reason  or  another,  respond  as  rapidly  as 
may  be  needed  to  keep  area  requirement 
at  a minimum.  In  such  cases,  the  "sus- 
tained” economy  dispatch  is  supplemented 
by  a temporary  "area  assist”  or  “fringe 
assignment,  which  lasts  until  the  "sustained 
assignment  has  been  fully  absorbed  by  the 
unit  or  units  to  which  it  has  been  allo- 
cated. 

1 realize  that  1 have  here  introduced  the 
matter  of  economy  dispatch,  even  though 
this  was  not  a part  of  Mr.  Long’s  present.r- 
lion.  However,  economy  dispatch  and  area 
regulation  are  very  closely  related,  par- 
ticularly when  one  applies  automatic  con- 
trol to  most  or  all  of  the  generating  sources 
of  an  area.  Here  one  very  reasonably  seeks 
to  have  the  generation  responses  that  take 
place  as  a result  of  economy  dispatch  al- 
locations simultaneously  fulTtll  the  needs 
of  area  regulation,  thereby  fulfilling  as 
neatly  as  one  can  the  criterion  that  each 
increment  of  load  change  be  taken  only 
once  if  possible-  within  the  area. 

In  any  event,  with  the  definition  of  "mis 
tamed”  and  "fringe"  assigtimcnts  as  abo\e 
noted,  it  is  interesting  to  obseive  that  the 
conliol  sign.ils  dc\ eloped  in  the  second 
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step  may  be  of  the  integral  type  or  the 
proportional  type,  or  combinations  of  them 
with  a derivative  response  added,  alt  selected 
with  due  consideration  to  the  dynamic  re- 
sponse characteristics  of  the  regulated  vari- 
able and  the  intermediate  control  means. 
Where  high  speed  responses  are  desired, 
proportional  action  would  certainly  be  in- 
cluded along  with  the  integral  action,  but 
this  might  be  done  to  achieve  either  a 
“sustained”  assignment  or  a “fringe”  as- 
signment, or  both. 

Also,  the  use  of  a high  speed  response 
in  the  second  and  third  steps,  as  on  a 
station  or  unit  economy  dispatch  assign- 
ment, is  best  carried  out  when  the  first 
step  involves  a non-interacting  computation 
of  the  desired  generation  for  each  partici- 
pating source.  With  such  a computation, 
the  desired  generation  level  computed  for 
each  source  for  a given  area  load  is  in- 
dependent of  the  rate  at  which  other  sources 
are  responding  to  their  assignments.  In  this 
way,  control  action  for  each  source,  as  car- 
ried out  in  the  second  and  third  steps,  can 
be  matched  to  the  responsiveness  of  that 
source,  without  influencing  the  generation 
assignments  computed  for  other  sources  in 
the  first  step. 

This  is  very  helpful  in  achieving  the 
desired  co-ordination  of  regulators  operating 
in  parallel. 

Advantages  of  Electric-Hydraulic 
Governors 

A principal  point  in  Mr.  Long's  paper — 
perhaps  the  major  one — is  his  emphasis  on 
the  turbine  governor  as  the  cornerstone  of 
power  regulation,  and  his  advocacy  of  the 
electro-hydraulic  governor  as  an  important 
advance  in  achieving  better  system  regula- 
tion. I would  expect  that  Mr.  Long  would 
find  considerable  agreement  with  these 
views.  Certainly  every  step  taken  to  im- 
prove basic  governing  on  a system  makes 
the  task  of  supplementary  regulators  cor- 
respondingly easier.  The  introduction  of 
electric-hydraulic  governors  would  appear 
to  hold  promise  from  the  viewpoints  of 
both  improved  basic  governing  and  better 
co-ordination  with  supplementary  controls. 

For  example,  when  mechanical  governors 
and  supplementary  regulators  are  used  in 
concert,  there  exists  two  possible  sources 
of  control  action  on  the  turbine.  It  is  im- 
portant that  the  supplementary  regulator 
have  sufficient  intelligence  to  co-ordinate  its 
actions  with  the  responses  of  the  speed 
governor.  In  practice,  bearing  in  mind  the 
possible  variations  in  mechanical  governor 
responses,  its  deadband,  etc.,  this  is  not 
always  easy  to  do.  With  electric  governors, 
having  definite  pre-set  response  character- 
istics, it  should  be  possible  to  achieve  the 
co-ordination  more  readily,  and  with  greater 
assurance  of  a co-ordinated  match  between 
the  two. 

Indeed,  if  electrical  governing  is  carried 
on  to  its  logical  end,  it  would  seem  that 
in  time  there  no  longer  need  be  two  sources 
of  control  action  on  the  turbine,  with  the 
attendant  need  for  co-ordination  between 
them.  It  would  appear  that  all  control  ef- 
fects could  be  combined  into  a single  regu- 
lator. 

These  control  effects  could  include  (a) 
frequency,  (b)  unit  output,  (c)  an  economy 
dispatch  signal  which  would  establish  the 
desired  level  of  sustained  generation  for 
the  unit  to  carry  its  share  of  the  total 
generation  needed  at  that  time  from  the 
area  and  (d)  an  area  assist  signal,  pro- 
portionate to  area  requirement,  represent- 
ing the  “initial”  or  “fringe”  response  de- 
sired from  the  unit  over  and  above  its 


sustained  assignment  for  economy  dispatch. 
With  the  electric  governor  acting  to  reduce 
the  algebraic  sum  of  these  four  signals  to 
zero,  the  single  regulator  on  the  turbine, 
acting  in  effect  as  an  “area  governor” 
would  cause  the  unit  to  (1)  do  its  share 
in  frequency  regulation,  (2)  do  its  assigned 
share  of  area  assist  and  (3)  achieve  its 
assigned  economy  dispatch  generation  level 
when  frequency  and  area  assist  have  been 
returned  to  normal. 

Also,  the  assignment  of  a specific  fre- 
quency factor  or  unit  frequency  bias  to 
the  electric  governor  would  facilitate  de- 
termining the  appropriate  bias  setting  for 
the  area  net  interchange  tie-line  bias  regu- 
lator. This  setting  would  then  become  the 
aggregate  of  the  unit  bias  settings  for  all 
the  governors  of  the  area  plus  an  addi- 
tional factor  to  correspond  to  the  frequency 
coefficient  of  the  connected  load  of  the 
area. 

Reference 
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Discussion  by 
N.  P.  Percival 

An  accurate  descriptive  paper  from  an 
independent  source  has  long  been  overdue 
and  we  welcome  Mr.  Long's  paper  as  a 
step  in  the  right  direction,  and  trust  it  is 
the  first  step  towards  standardizing  the 
terminology  that  had  grown  up  around  load 
frequency  control  techniques. 

We  endorse  the  comments  concerning  the 
negative  thinking  attitudes  with  respect  to 
the  choice  of  slow  response  components 
for  the  telemeter  and  control  aspect  of  load 
frequency  systems.  In  particular  it  cannot 
be  too  strongly  emphasized  that  the  re- 
sponse of  a group  of  interconnected  sys- 
tems is  only  as  good  as  the  worst  member 
of  the  group.  In  considering  the  section 
referring  to  the  suggestions  for  improving 
interconnected  systems  regulation,  care  has 
to  be  taken  in  considering  the  word  sta- 
bility: two  sources  of  instability  are  pos- 
sible, first,  the  machine  and  line  instability 
as  understood  by  the  power  engineer  and 
determined  by  the  machine  and  transmis- 
sion constants;  and  second,  the  control 
loop  stability  as  understood  by  the  servo 
or  control  systems  engineer  and  dependent 
on  the  gains  and  time  constant  of  the 
control  loop. 

A stability  study  of  the  fringe  control 
loop  shows  that  the  gain  at  high  frequencies 
must  be  reduced  for  stability  reasons  and 
this  can  be  effected  by  any  one  of  several 
methods  normally  available  to  closed  loop 
analyses: 

(a)  The  gain  may  be  adjusted  until  sta- 
bility is  obtained. 

(b)  The  rate  of  change  of  power  may  be 
reduced  by  choosing  the  gate  dashpot 
parameters  to  give  the  fastest  possible 
response  compatible  with  stability. 

(c)  The  tie-line  error  signal,  transmitted  by 
the  control  centre  to  the  controlled 
station,  may  be  processed  by  passive 
electrical  networks  before  transmission, 
i.e.,  phase  lead  or  lag  networks  in  the 
error  path. 

It  has  been  our  experience  that,  in  at- 
tempting to  obtain  faster  response  on  fringe 
control,  d'scussion  has  generally  centred 
round  the  removal  of  all  the  rate  of  change 
of  gate  feedback  and  stability  obtained  by 
gain  adjustment  of  the  telemeter  channel  or 
governor. 


Methods  (b)  and  (c)  have  the  advan- 
tage that  higher  loop  gains  may  be  used  to 
enable  the  fringe  control  to  pick  up  a 
reasonable  amount  of  the  load  change,  the 
fraction  being  picked  up  is  G where 
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G is  the  loop  gain.  It  is  considered  that  the 
fringe  control  should  pick  up  about  80% 
of  the  load  change,  hence  demanding  a 
loop  gain  of  4.  Whereas  in  practice  it  may 
be  difficult  to  stabilise  a loop  gain  of  1 
with  method  (a). 

A particular  test  showed  that  when  a 
loop  gain  of  2.5  is  used,  the  control  was 
unstable  with  gate  damping  parameters  of 
25%  strength  and  0.06  seconds  time  con- 
stant, but  stable  when  the  time  constant 
was  increased  to  0.2  seconds;  it  was  highly  j 
unstable  with  a loop  gain  of  1 when  all 
the  gate  feedback  had  been  removed. 

For  high  performance  fringe  operation 
care  must  be  taken  in  choosing  a station 
or  stations  with  a small  pipe-line  effect 
and  having  an  overall  regulating  capacity 
of  about  ±15%  of  the  tie-line  capacity. 

The  tendency  to  regard  the  accelerometer 
stabilised  governor  as  the  ideal  control,  be-  f 
cause  there  is  no  necessity  for  a damping  1 
parameter  reduction  (dashpot  by-pass)  I 
when  coupled  to  the  system  must  be  tem-  1 
pered  by  the  following  considerations.  ^ 

While  an  accelerometer  signal  alone  may 
be  sufficient  to  stabilize  a Francis  machine  . 
governor  when  operating  at  the  low  gate  1 
condition  and  not  synchronized  to  the  4 
system,  our  experience,  on  control  system  r 
analys  s of  all  types,  shows  that  one  can- 
not stabilize  a hydro  governor  at  full  gate 
local  load  with  an  accelerometer  signal 
alone,  except  by  a large  reduction  in  the 
governor  sensitivity:  thus  particular  con- 
sideration must  be  given  to  those  sites  that 
may  become  disconnected  from  the  system 
and  left  with  a large  local  load.  This  point 
is  admirably  demonstrated  in  a paper  by 
H.  Schiott  (Society  of  Instrument  Tech- 
nology, Vol.  12  No.  1 I960.),  where  he 
advocates  the  combination  of  gate  dashpot 
effect  and  accelerometer  effect  to  obtain 
improved  response  over  a gate  dashpot 
alone  when  operating  on  an  isolated  load. 

It  is  not  possible  to  generalize  and  say 
whether  Kaplan  or  Propeller  Machines  with 
large  no-load  gate  values  would  be  stable 
at  speed  no-load  with  a pure  accelerometer 
stabilizing  signal.  It  would  depend  entirely 
on  the  magnitude  of  the  pipe-line  effect. 


Discussion  by 
L.  M.  Hovey 

This  paper  provides  an  excellent  de- 
scription of  the  role  of  hydraulic  turbine 
governors  in  relation  to  the  load-frequency 
control  aspects  of  an  interconnected  power 
system.  It  also  gives  a very  lucid  explana- 
tion as  to  how  the  various  components  of 
a governor  interact  to  provide  speed  control 
of  a hydro  unit  and  what  means  are  utilized  ■; 
to  stabilize  the  machine.  However,  there 
are  several  points  in  the  paper  on  which 
the  writer  would  like  to  comment: 

For  example,  on  Page  3,  second  para-  | 
graph,  it  is  noted  that  “for  steady  state 
stabilization  where  the  load  and  frequency  i 
changes  are  slow  or  gradual,  the  regulation  j 
afforded  by  self-regulation  and  permanent 
speed  droop  is  usually  adequate”.  It  is  ; 
the  writer’s  experience  that  extreme  caution 
should  be  used  in  adopting  the  above  ' 
philosophy  due  to  the  fact  that  the  self- 
regulation factor,  usually  encountered  in  a ; 

(Continued  on  page  102)  j 
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asting  of  nozzle  guide  vane 
r turbo-jet  engine 


Radiograph  shows  casting 
sound  and  up  to  its  job 


lozzle  guide  vanes  in  turbo- 
et  engines  must  withstand 
ery  blasts  — dependably, 
ustenal  Company,  division  of 
fowe  Sound  Company, 
hecks  the  soundness  of  each 
ast  vane  with  radiography 

Cobalt  base  or  nickel  base  high- 
empcrature  alloys  are  required  in 
)rdcr  to  withstand  these  terrific  tcm- 
pcratures.  Investment  castings  are 
![)ecificd  because  of  the  alloys  that 
jiiust  be  used  and  because  the  vanes 
vould  be  almost  impossible  to  forge, 
nachine,  or  otherwise  fabricate,  at 
the  cost  level  of  investment  castings. 


Austenal  Company,  division  of 
Howe  Sound  Company,  casts  these 
blades  by  the  “lost  wax”  method. 
Each  one  is  then  radiographed  to 
make  sure  that  no  hidden  flaw  lurks 
within  that  could  cause  failure. 

Makers  of  quality  castings,  small 
and  large,  find  radiography  invalu- 
able in  making  sure  that  only  high- 
quality  work  is  delivered.  It  is  a way 
reputations  are  built  and  new  busi- 
ness won. 

Radiogra[)hy  can  work  for  you, 
too.  To  find  out  how,  talk  it  over 
with  a Kotlak  x-ray  dealer  or  write 
to  us. 


CANADIAN  KODAK  CO.,  LIMITED 

Toronto  15,  Ontario 


New. . . Ready  Pack 
in  ROLLS  and  SHEETS. 

Kodak  Industrial  X-Ray  Film, 
Types  AA  and  M,  in  200-ft.  rolls 
(16mm,  35mm,  70mm)  and 
sheets  (8  x 10,  10  x 12, 

11  X 14,  14  X 17). 


4 No  darkroom  loading — film  sealed 
in  a light-tight  envelope. 

4 Just  place  Ready  Pack  in  position 
and  expose. 

4 Film  protected  from  dust,  dirt,  light 
and  moisture. 

4 In  the  darkroom — remove  film 
from  envelope 
and  process. 
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Month  to  Month 


Meeting  of  Council 

The  Council  of  the  Institute  met  in 
Montreal,  Saturday,  February  3,  1962. 
President  Ballard  was  Chairman  of  the 
meeting  which  was  attended  by  28 
Councillors.  Following  are  highlights  of 
the  meeting. 

1962  Budget 

The  Institute’s  1962  budget  was  con- 
sidered and  approved.  During  discussion 
it  was  clearly  indicated  that  the  E.I.C. 
publications  program  is  self  supporting, 
but  that  the  membership  account  again 
will  suffer  a deficit  of  about  $50 
thousand.  Council  again  noted  the  ob- 
vious fact  that  the  average  fee  of  just 
more  than  $10  per  member,  excluding 
students,  is  in.sufficient  to  pay  for  serv- 
ices expected  by  the  members  and  that 
increased  fee  revenue  is  essential. 

The  following  motion  was  passed: 

1.  Whereas  the  E.I.C.  has  experienced 
operating  deficitis  of  $32,008  in  1958, 
$5,775  in  1959,  $55,772  in  1960  and 
anticipates  a deficit  of  about  $60,000  in 
1961,  and 

2.  Whereas  this  situation  has  devel- 
oped in  the  membership  area  only  — 
contributions  received  vs.  expenditures 
— the  Journal  operation  during  these 
years  having  been  self  supporting,  while 
also  contributing  to  the  publication  off 
Transactions,  Careers,  etc.,  and  gener- 
ating a substantial  contribution  to  the 
general  e.\-penses,  it  being  in  the  order  of 
$50,000  per  year,  and 

3.  Whereas  fees  were  reduced  by 
$4  for  all  corporate  members  in  1960, 
when  Council  decided  to  increase  the 
circulation  of  the  Jom-nal  to  meet  com- 
petition - this  sum  of  $4  being  the 
subscription  to  the  Journal  as  defined 
in  the  By-Laws,  and 

4.  Whereas  this  reduction  in  mem- 
bership fees  represents  a shrinking  of 
the  revenue  by  approximately  $75,000 
annually  in  1961,  and 

5.  Wliereas  the  costs  of  doing  busi- 
ness have  risen  generally,  the  last  fee 
increase  was  in  January,  1954,  and 

6.  Whereas  the  corirorate  member- 
ship has  grown  by  20%  from  14,335  in 
1958  to  17,260  in  1961,  and  the  stu- 
dent membership  by  27.5%,  having  in- 
creased from  4,150  to  .5,279  during  the 
same  period,  and 

7.  Wliereas  requirements  for  exist- 
ing and  additional  services  have  been 
and  are  being  made  by  this  increased 
membership,  and 


I 


I 


8.  Whereas  the  depletion  of  the  In- 
stitute reserves  has  taken  place  during 
the  same  period,  either  through  the  sale 
of  securities  or  the  writing  off  of  pre- 
viously established  reserves  at  an  alarm- 
ing rate  which  cannot  be  sustained,  and 

9.  Whereas  tliis  Council  wishes  to 
affirm  its  determination  to  continue  to 
provide  the.se  services  and  to  improve 
them. 

Therefore,  be  it  resolved; 

1.  That  Council  make  it  be  known 
to  the  membership  tliat  it  is  in  favor 
of  a general  increase  in  fees,  as  shown 
in  the  following  schedule,  and 

Branch 

Non-Residents 

All  Branch  and 

Residents  Non-Residents 

$24  Fellows  $22 

24  Members  22 

14  Assoc.  Members  12 

3 Students  3 

25  Affiliates  23 

2.  That  its  deci.sion  be  made  known 
to  the  membership  in  the  Engineering 
Journal,  and 

3.  That  it  advises  the  membership  of 
its  intention  to  present  a notice  of  motion 
for  the  above  increase  in  fees  at  the 
1962  Annual  Ceneral  Meeting. 

Furthemiore,  Council  expects  each 
Councillor  and  Branch  Chairman  to  col- 
laborate in  influencing  members  in  their 
localities  to  vote  in  favor  of  this  change 
in  By-Law.  Supporting  financial  infor- 
mation will  be  provided  these  officers  in 
due  time. 

Vice-President  G.  N.  Martin,  Chair- 
man of  tire  Finance  Committee,  reported 
on  special  studies  made  by  a Finance 
Committee  sub-committee  regarding  the 
best  method  of  handling  the  data  pro- 
cessing problems  associated  with  tlie 
Member.ship,  Records,  publications  dis- 
tribution and  fee  accounting. 

The  In.stitute’s  rapid  growtli  in  recent 
years  and  the  wide  circulation  of  the 
Engineering  Journal  constitute  a load 
beyond  the  capacity  of  the  existing 
equipment.  Council  approved  immediate 
action  to  remedy  the  situation  by  the 
installation  of  appropriate  systems  and 
equipment. 

Confederation 

Council  spent  considerable  time  in 
consideration  of  the  results  of  studies  of 
the  report  of  the  Engineers  Confedera- 
tion Commission.  Realizing  that  Branches 
have  e.xpressed  the  desire  to  learn  of 


Council’s  view  regarding  the  Report,  and 
considering  that  sufficient  study  and  dis-  ; 
cussion  has  taken  place  to  enable  Coun- 
cil to  formulate  an  expression  of  opin-  ' 
ion,  a statement  was  prepared  for  dis- . 
tribution  to  Branch  Chairmen. 

Library 

Extremely  careful  consideration  was  ' 
given  to  the  future  of  tire  Institute 
Library,  and  to  whether  it  would  be  in 
the  interests  of  the  member.ship  to  pro- 
ceed with  the  suggestion  that  it  be  dis- 
banded and  tliat  members  use  the  Na- 
tional Research  Council  and  other  i 
libraries.  Opinions  from  Councillors  and  ; 
Branches  in  many  parts  of  Canada  were 
presented  both  verbally  and  in  writing. 
After  discussion.  Council  concluded  that  I 
since  these  other  library  services  now  | 
are  available  to  the  members,  and  that  j| 
despite  this  the  services  rendered  by  tire  |l 
E.I.C.  Library  have  increased  greatly,  I- 
to  discontinue  the  Library  would  actu- 
ally  mean  depriving  the  members  of  an  ■! 
extremely  useful  service.  Council  con-  ]‘ 
eluded  that  the  Library  should  continue  [ 
in  existence,  noting  at  the  same  time  | 
that  it  is  operating  at  a surprisingly  low  j ' 
cost  and  with  commendable  efficiency.  : 

Striking  Committee . . 

Past-President  Dr.  George  McKinstry 
Dick  was  named  Chairman  of  the  Strik- 
ing Committee  which  is  responsible  for  , 
nominating  Chairmen  of  Committees  for 
the  coming  year  to  Council.  It  was 
agreed  that  these  nominations  should  be  ' 
received  by  Council  at  its  April  meet-  ' 
ing,  rather  than  waiting  until  mid-year.  ^ 
This  will  permit  continuity  of  Council 
activity  throughout  the  year. 

Future  of  the  E.I.C. 


Council  then  devoted  its  attention 
to  a serious  look  at  the  future  of  the  | 
Engineering  Institute  of  Canada.  It  | 
recommended  that  the  specific  aims  set 
forth  in  the  E.I.C.  Charter  and  By-Laws,  1/ 
imnlemented  witli  care  and  diligence,  Ih 
will  lead  to  a bright  future,  far  surpass-  i 1 
ing  the  achievements  of  the  past.  Coun-  ' 
cil  re-affinned  its  determination  to  rec-  , ■ 
ognize  the  following  role  of  the  Insti-  ! 
tute; 

1.  The  continuation  of  its  role  as  a j 

national,  voluntary,  professional  and 
learned  society  in  the  field  of  engineer-  h 
ing  and  the  enhancement  of  this  role  ; I 
in  all  feasible  respects.  ^ 

2.  Serving  its  membership  in  every  ' | 
manner  consi.stent  with  improving  the  1 
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ibility  of  its  members  to  most  acle- 
ijuately  serve  the  nation  as  professional 
-ngineers  of  the  highest  calibre. 

^ 3.  Serving  the  nation  and  the  mem- 
bership by  the  publication  of  the  high- 
iîst-quality  papers  making  available  the 
fevelopment  of  new  ideas,  processes, 
•onstruetion  and  development  in  the 
leld  of  engineering  in  Canada. 

4.  The  eneouragement  of  its  Branches 
o fulfill  their  role,  in  their  Branch 
ireas,  as  organizational  units  of  the 
Institute,  devoted  to  the  pursuance  at 
;dl  times  of  the  same  objectives  and 
rims  as  the  Institute. 

3.  Co-operation  with  sister  institu- 
ions or  societies  for  the  advancement 
bf  mutual  interests,  on  a basis  of  recip- 
I'ocal  contribution  to  the  objectives  of 
j;he  Institute. 

jTechnical  Activities 

j Couneil  approved  the  formation  of  a 
Communications,  Electronics  and  Auto- 
mation Engineering  Division  of  the 
Pommittee  on  Technical  Operations,  and 
ipproved  Professor  C.  Clinski  of  the 
Jniversity  of  Ottawa  as  Chairman. 

Encouraging  progress  was  reported 
•egarding  the  technical  program  of  the 
1962  Annual  Ceneral  Meeting.  Approval 
vas  given  to  a substantial  number  of 
technical  conferences  to  be  held  in  en- 
!uing  months. 

Publications 

R.  A.  Phillips,  Chairman  of  the  Pub- 
lications Committee,  reported  that  the 
Committee  has  been  concerning  itself 
with  the  best  method  of  publishing 
Transactions,  and  a serious  study  of  the 
non-technical  content  of  the  Engineer- 
ing Journal.  Engineering  Careers  in 
Canada  will  be  published  again  in 
1962.  The  Committee  is  preparing  a 
guide  to  authors  of  technical  papers  for 
E.l.C.  publications. 

Emergency  Measures  Organization 

Council  received  an  invitation  from 
the  Emergency  Measures  Organization 
of  the  Privy  Council  Office  in  Ottawa 
to  send  15  delegates  to  a special  orien- 
tation course  for  engineers  and  archi- 
tects to  be  held  at  the  Canadian  Civil 
Defence  College  at  Arnprior,  Ont.,  from 
.\pril  30  until  May  4,  1962.  The  invita- 
tion was  .accepted  and  the  Ceneral  Sec- 
retary was  instnicted  to  rccjuest  names 
of  candidates  from  all  Branches  to  en- 
sure repnrscntation  from  all  provinces, 

K.I.C.  ELECTIONS 
AND  TRANSFERS 

A number  of  applic.ations  were  pre- 
sented for  consideration  and  on  the 
recommendation  of  the  Admission  Com- 
mittee, the  followiiiR  elections  and  trans- 
I'ers  were  effected  at  a meeting  of  council 
on  Fcliruary  it,  1962. 

Applications  through  Associations 

li.v  virtue  of  the  co-operative  agree- 
ments between  tlie  Institute  and  the  As- 
sociations the  following  elections  and 
Ir.in.sfcrs  became  effective  Feliruarv  H, 
1962. 

SASKATCHEWAN 

Mombors:  F Casper,  D.  W.  ii.  Wright. 
H I),  Wright. 

Associnto  Mombor  to  Member:  H.  .1.  Haron, 
■I.  It,  Mct'lcmcnt. 

NOVA  SCOTIA 

Aiiocinto  Mombor  to  Mombor:  F.  1).  Cat- 
lagher,  A.  F.  More. 


REPORT  OF  THE  ADMISSIONS 
COMMITTEE 

Members:  W.  H.  Baker,  Niagara  Falls; 
B.  S.  Bhogal,  Toronto;  D.  D.  Campbell, 
Vancouver;  A.  Coulson,  Ottawa;  A.  W. 
Dales,  Winnipeg;  W.  R.  Drynan,  Waterloo, 
Ont.;  R.  F.  Froats,  Windsor,  Ont.;  T.  B. 
Goodfellow,  Montreal;  G.  Hall,  Winnipeg; 

G.  B.  Jost,  Montreal;  J.  B.  Kemp,  Port 
Credit;  L.  T.  Kulynch,  Richmond  Hill;  R. 
Leitass,  Montreal;  E.  W.  Mitchell,  Lively; 
T.  D.  Northwood,  Ottawa;  W.  A.  Mech- 
ler,  Vancouver;  T.  M.  Noskiewicz,  Tor- 
onto; H.  J.  O’Beirne,  Sept  lies;  J.  L. 
Peterson,  Port  Cartier;  D.  Petrie,  Tor- 
onto; L.  L.  Schaut,  Ottawa;  W.  J.  Trem- 
bath,  Montreal. 

For  Admission  as  Associate  Member: 
W.  E.  Allen,  Vancouver;  T.  W.  Szalay, 
Windsor,  Ont. 


STUDENTS  ADMITTED 
University  of  Manitoba:  W.  Almdal,  C.  K. 
Andres,  J.  C.  L.  Arthur,  B.  S.  Avis,  S. 
Barber,  B.  W.  Belecki,  J.  P.  A.  Bertens, 
A.  W.  Bischoff,  I.  D.  Bonnor,  L.  M. 
Borowski,  R.  J.  Brown,  B.  M.  Callum, 

D.  B.  Cameron,  R.  A.  Cantelon,  L.  Q. 

Chow,  F.  J.  Clancy,  F.  G.  Clarke,  D.  H. 
Cleve,  G.  D.  Clifford,  W.  G.  Cook,  K.  J. 
Couprie,  G.  F.  Cummer,  A.  J.  Currie, 
J.  C.  Dale,  M.  A.  G.  Danielson,  D.  R. 

Downey,  T.  N.  Dudar,  D.  B.  Duncan, 

E.  W.  Dutchar,  D.  L.  Eckhart,  D.  R.  Ell- 

chuk,  G.  B.  Ennis,  B.  A.  Fourschou,  J.  E. 
Forrest,  L.  A.  Foster,  J.  F.  Franeis,  W.  R. 
Fumerton,  J.  D.  Gill,  M.  N.  Goldberg, 
A.  D.  Gould,  E.  V.  Graham,  G.  A.  Greb, 
A.  Gritzinger,  M.  S.  Harrison,  M.  R. 

Hastings,  K.  R.  Hauard,  D.  C.  Hicks, 
R.  L.  Holmes,  C.  H.  Howard,  A.  S.  Hut- 
chings, L.  W.  Ife,  D.  P.  Jardine,  W.  B. 
Jennings,  W.  A.  Johnson,  N.  W.  Kalino- 
wich,  R.  J.  Kavanagh,  A.  A.  Keating, 
M.  L.  Kenny,  K.  Kiazyk,  W.  A.  Kirk- 

patrick, M.  Kishta,  E.  A.  E.  Klemm, 

P.  J.  Knight,  W.  B.  Kochuk,  G.  P.  Kolo- 
dinsky,  L.  G.  Krause,  J.  Kukurudziak, 
E.  J.  Lea,  E.  A.  Lipinski,  T.  Loewen, 

J.  R.  MacDonald,  F.  B.  Macintosh,  J.  D. 
Martin,  A.  Martynowicz,  W.  T.  Matthews, 
J.  A.  McDermid,  W.  M.  A.  McDonald, 
W.  G.  McGarva,  R.  G.  McIntyre,  W.  J. 
Melko,  G.  E.  Metcalfe,  S.  Mindess,  D.  V. 
Mosbeck,  H.  T.  Motyka,  A.  J.  Muir, 
R.  W.  Newbury,  J.  M.  Newhouse,  T.  I. 
Norman,  E.  V.  Oliver,  D.  Pfaff,  D.  G. 
Pincock,  R.  A.  Poltroneth,  E.  L.  Proey- 
shyn,  D.  G.  Ramsey,  B.  C.  Rattray,  E.  J. 
Rewucki,  J.  C.  S.  Richl,  W.  J.  Ripat, 
G.  R.  Ritchie,  W.  G.  Rooke,  R.  A.  Saun- 
ders, H.  G.  Schmidt,  J.  J.  Schreuder,  E. 
Schroeder,  J.  Schwahn,  G.  A.  Schwartz, 
T,  R.  Scott,  J.  P.  Seddon,  K.  W.  R.,  Seme, 
D.  A.  Sernyk,  E.  Shwedyk,  A.  W.  Side, 
G.  S.  Simpson,  G.  A.  Smith,  J.  G.  Steb- 
bing,  R.  L.  Steele,  R.  R.  Steffan,  D.  G. 
Stephens,  M.  H.  Stoller,  B.  D.  Stone,  W. 
Tibelius,  J.  N.  Tompkin,  E.  K.  Truman, 
G.  A.  Urquhart,  R.  A,  Van  Cauwenberghe, 
R.  Van  Leeuwen,  R.  Van  Leusden,  S.  P. 
Wake,  H.  Wall,  V.  A.  Wehrle,  L.  J.  Whit- 
ney, G.  Wiebe,  M.  L.  Wiederhold,  T.  J. 
Wignall,  N.  D.  Wilson,  W.  C.  Wilton, 
J.  R,  Wolezuk,  C.  D.  Woodman,  W.  E. 
Wotherspoon,  L.  T.  Wotton,  B.  L.  J. 
Young. 


University  of  British  Columbia:  M.  A. 
Alexander,  D.  G.  Allen,  W.  G.  Allen, 

P.  T.  Ambrose,  D.  L.  Andrews,  R.  C. 
Atkinson,  G,  M.  Austin,  H.  R.  Baird, 
R.  W.  Baker,  C.  Beishuizen,  D.  J.  Ben- 
sted,  I.  G.  Blown.  J.  C.  Bottaro,  B.  F. 
Caddick,  I.  C,  Campbell,  K.  C.  Carrière, 

Q.  S.  Chow,  L.  Claassen,  G.  A.  Clark, 

F.  Condon,  R.  M.  Crotogino,  A.  De  Paoli, 
P.  Dunlop.  G,  A.  Edgson,  J.  R.  Emery. 

R.  V.  Everett,  C.  T,  Eyford,  F.  N.  Fenger, 

D.  R.  B.  Ferguson,  D.  R.  Forbes,  C.  T. 
Galazka,  G.  E.  Gatz,  W.  J.  Hassard,  C.  N. 
Hosein,  A.  C.  Hume,  B.  Y.  B.  Kan,  R.  E. 
Karyula,  M.  Korsch,  R.  F.  Krueckl,  E.  G. 
Langford.  K.  W.  Lee.  A.  F.  Lill.  R.  K.  H. 
Lo,  J.  C.  Longridge,  G.  W.  Lorimer,  J.  P. 
Lucas,  G.  L.  W.  MacDonald.  F.  T.  Man. 
T.  Mar,  F.  G.  McCaffery,  R.  D.  Mc- 
Donough, G.  A.  McKenzie.  L.  S.  McKen- 
zie, L.  S.  McQuillan,  R.  T.  Mitchell,  A.  D. 
Murray.  D.  W.  Nairne,  H.  Nishinura, 
W.  E,  Norquist,  R.  M.  Painlo,  D.  L. 
Palmer,  K.  11.  Pang.  W.  P.  Penz,  E.  B 
Pickard,  R.  A.  Prov:m,  R.  W.  Pugh,  K.  W. 
I’utt.  J.  E.  Rands.  W.  A.  Reid.  D.  E. 

Reksten,  A,  A.  Robinson.  K.  E.  Robinson. 
C.  .1.  Rogers,  G.  R,  Rosseau,  A.  1).  Ryne- 
veld,  C.  M.  Scott,  P.  F.  Scott,  .1.  F, 

Shepard.  .1.  D.  Spence,  F.  C.  Stephens, 

H.  M.  Stubbs.  .1,  W.  Sutherland.  D. 
Tompleman-Kluit.  G,  H.  Thomson.  L.  R.  H 
Vermette.  R.  N.  Vvse,  M.  W.  Wanstall. 
1),  M.  W:ir<l.  M.  C.  Whetter.  R.  R.  Whit- 
;d;er.  I)  A While.  R.  .1.  Williams,  R R 
Williams.  M.  P.  Wong-Char.  B.  O.  O. 
Zed/.  R.  Zingel, 


McGill  University:  M.  Albisser,  P.  Al- 
lisma,  J.  Altshuller,  A.  Auerbach,  R.  M. 
Brass,  E.  Brobbey,  A.  P.  Bruckner,  W.  E. 
Cox,  M.  A.  Donelan,  J.  C.  Dunfield,  R.  J. 
Duveau,  J.  D.  Eberts,  G.  O.  Elliott,  M.  Z. 
Fabierkiewicz,  H.  A.  Fielding,  M.  Florian- 
losipovici,  J.  P.  Frappier,  R.  Gallay,  J.  G. 
Gooch,  G.  R.  Gougeon,  N.  Guillemette, 
R.  S.  Hucal,  P.  R.  L.  Jones,  R.  O.  W. 
Kuehnel,  N.  C.  Lalla,  S.  W.  Law,  S. 
Margel,  G.  P.  Mende,  M.  A.  Millard, 
K.  W.  Neale,  K.  J.  L.  O’Connell,  P.  A. 
O’Hara,  P.  N.  Okuma,  L.  M.  Palacio,  R. 
Parent,  J.  Pill,  J.  W.  Presley,  P.  F. 
Rhead,  C.  Simoneau,  H.  R.  Stevens,  S.  S. 
Sufi,  L.  P.  Tawrell,  A.  S.  Tsoukanas, 
L E.  Vikander,  L.  N.  Weinstein,  R.  Weiss, 

I.  L.  Werba,  C.  A.  Wong.  G.  P.  C.  Yue. 

Laval  University:  J.  C.  Audet,  J.  J.  A. 
Carrier,  J.  G.  B.  Dallaire,  M.  Drouin, 
R.  Fortin,  Y.  Gaumond,  J.  A.  P.  Giroux, 

J.  M.  Huard,  Y.  Labbe,  P.  Leblanc,  G. 
Morest,  A.  Morin,  C.  Pelchat,  A.  Pellerin, 
E.  Plante,  B.  Ringuette,  G.  Robitaille, 
J.  A.  Servant,  L.  Tremblay,  R.  A.  Trem- 
blay. 

McMaster  University:  J.  W.  Birett,  J.  A. 
Enright,  D.  A.  Gedcke,  K.  A.  Schmids- 
rauter,  R.  L.  Smith. 

Carleton  University:  J.  B.  Alexander, 
R.  R.  Whiting. 

University  of  New  Brunswick:  J.  R.  Al- 
len, F.  J.  Beairsto,  T.  F.  Blanchard. 

Queen's  University:  P.  S.  Taylor. 

Mount  Allison  University:  S.  H.  Wong. 
University  of  Alberta:  J.  S.  Watts. 

St.  Francis  Xavier  University:  J.  F.  J. 

MacLean. 


Coming  Events 

The  Chemical  Institute  of  Canada. 
Chemical  Economics  Division.  Meet- 
ing. Toronto,  .\pril  3. 

American  Institute  of  Electrical  Engi- 
neers. Conference  on  Electrical  Prob- 
lems in  the  Cement  Industry.  St.  Louis, 
Mo. 

American  Society  of  Mechanical  Engi- 
neers, Society  of  .\dvancement  of 
Management.  Management  Engineer- 
ing Conference.  New  York.  April  5-6. 

American  Institute  of  Electrical  Engi- 
neers. Rubber  and  Plastics  Confer- 
ence. Akron,  Ohio,  .\pril  9-10. 

American  M’elding  Society,  .\nnual  Meet- 
ing and  M'elding  E.xposition.  Cleve- 
land, Ohio,  .\pril  9-13. 

.\mcrican  Society  of  Mechanical  Engi- 
neers, .•\inerican  Institute  of  Electric-al 
En.gineers,  Enginering  Institute  of 
Canada.  Railroad  Conference.  Toronto. 
Out.  .\pril  10-11. 

Ceologieal  .Association  of  Canada,  Cana- 
dian Institute  of  Mining  and  Metal- 
lnr,g>’.  Joint  .Annual  Meeting.  Ottawa. 
Out.  .April  23-25. 

Enginei'iing  Institute  ol  (ianaila.  fourth 
Southern  Ontario  Regional  Cimh'i- 
enee.  Loudon.  Out.  .\pril  2S. 

.Vssor  i.ition  ol  Iron  and  .'steel  f.ngiiu'ers. 
.Spring  Conlermue.  Detroit.  Mii'h. 
April  3t)-Ma>  2. 

C.in.uli.in  Xnele.ir  AsMui.ition.  Annn.d 
Meeting  .nul  ( I'nlerenee.  Ott.i".i  M.n 
2S-:10. 


Engineering  Institute  4 t .in.iw,.  A'  ' ’ 
Meeting  Montri'.d  Jun-  1 i ' £ic 
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Personals 


H.  W.  S.  Marshall,  m.e.i.c.  (Royal  Tec. 
’38  ) has  been  appointed  to  the  board 
of  directors  of  Ewbank,  Tupper  and  As- 
sociates Ltd.,  of  Toronto,  in  the  recent 
re-organization  and  change  of  name  and 
ownership  of  that  company.  Mr.  Marshall 
was  previously  Head  of  the  Electrical 
Division  with  Ewbank  & Partners  ( Can- 
ada) Ltd.,  and  will  also  be  in  charge  of 
Electrical  Engineering  with  the  reor- 
ganized company.  Before  joining  the 
company  in  1960,  Mr.  Marshall  was 
Head  of  General  Engineering  with  the 
Iraq,  Basrah  and  Mosul  Petroleum  Com- 
panies Ltd.,  Baghdad,  Iraq. 

Commodore  Frank  Freehorn,  hcn, 
M.E.I.C.  has  been  appointed  to  the  Board 
of  Directors  of  Bedard  Girard  Limited, 
Montreal  to  replace  the  late  William  H. 
Girard.  He  will  be  situated  at  the  com- 
pany’s Ottawa  office.  Prior  to  his  retire- 
ment from  RCN,  Mr.  Freeborn  was 
Director  General  Ships. 

Jasper  H.  Ings,  m.e.i.c.  (Tor.  ’31),  Con- 
sulting Engineer  of  Niagara  Falls,  has 
been  elected  as  the  Canadian  member 
of  the  Council  of  the  Institution  of  Civil 
Engineers  of  Great  Britain.  Mr.  Ings  is 
Vice-President  and  Director  of  H.  G. 
Acres  & Company  Limited,  international 
consulting  engineers.  He  has  been  active 
in  engineering  for  hydro-electric  power 
for  more  than  30  years. 

Ross  E.  Chamberlain,  m.e.i.c.  ( McGill 
’51  ) has  been  appointed  to  the  newly- 
created  position  of  manager,  product 
development  at  Dominion  Bridge  Com- 
pany Ltd.  Mr.  Chamberlain,  who  has 
been  design  engineer  of  the  structural 
division  at  the  Montreal  Branch,  now 
joins  marketing  services  following  wide 
experience  on  several  major  projects. 

H.  E.  Marshall,  m.e.i.c.  (U.N.B.  ’41) 
has  been  promoted  to  the  post  of  man- 
ager of  the  planning  and  operations 
division  of  the  New  Brunswick  Electric 
Power  Commission.  Mr.  Marshall  joined 
the  Power  Commission  in  1945. 


Thomas  E.  Morimoto,  m.e.i.c.  ( Univ. 
Alta.  ’49)  has  been  appointed  to  the  po- 
sition of  Chief  Engineer  of  Montreal 
Engineering-Mannix.  Mr.  Morimoto  has 
been  chief  process  engineer  with  Brown 
& Root  Ltd.  in  Calgary  for  the  last  four 
years.  His  twelve  years’  experience  in 
the  petro-chemical  field  includes  two 
years  as  chemical  engineer  with  the 
Polymer  Corporation,  three  years  with 
the  Canadian  Chemical  Company  and 
three  years  with  the  Research  Council 
of  Alberta. 

Gordon  S.  Currie,  m.e.i.c.  (McGill  ’56) 
has  been  appointed  Engineering  Repre- 
sentative of  Stone  & Webster  Canada 
Limited.  Prior  to  joining  this  company, 
he  was  associated  both  in  Canada  and 
in  Europe  with  a prominent  firm  of 
Manufacturers  of  power  equipment. 

H.  J.  Lemieux,  m.e.i.c.  (Ecole  Poly. 
’39)  has  sold  his  interests  in  an  Alma, 
Que.  consulting  firm  which  he  formerly 
operated,  to  devote  full  time  to  Lemieux 
& Tetrault,  who  have  offices  in  Montreal, 
Laprairie  and  Longueuil,  Que. 

D.  A.  Hansen,  P.Eng.  m.e.i.c.  (Alta. 
’28),  a Director  of  the  Canadian  Electri- 
cal Association,  and  General  Sales  Man- 
ager, Calgary  Power  Ltd.,  has  been  ap- 
pointed Vice-President  of  the  Association 
for  the  balance  of  the  1962  season.  Mr. 
Hansen  replaces  J.  H.  Steede  who  has 
resigned. 

Geoffrey  C.  Hamilton,  m.e.i.c.  ( Sask. 
’45),  Planning  and  Development  Com- 
missioner of  the  City  of  Edmonton,  has 
been  appointed  to  the  Alberta  Industrial 
Development  Board.  He  will  represent 
Edmonton  in  the  provincial  group  which 
comprises  representation  from  18  Alberta 
cities.  Mr.  Hamilton  took  office  as  City 
Commissioner  on  September  1,  1961. 

J.  Edgar  Dion,  P.Eng.,  m.e.i.c.  ( McGill 
’26)  has  been  elected  president  of  the 
Association  of  Consulting  Engineers  of 
Canada  for  1962  succeeding  John  H. 
Ross  at  Toronto.  Mr.  Dion,  ACEC  Vice- 
President  in  1961,  established  his  own 
consulting  management  engineering  firm 
in  1947. 


R.  L.  Grassby,  m.e.i.c.  (McGill  ’42)  has 
been  appointed  manager,  thermal  equip- 
ment and  pump  products,  at  Montreal 
Locomotive  Works  Limited.  Mr.  Grass- 
by joined  Montreal  Locomotive  Works  in 
1956  as  assistant  to  the  president  and 
was  later  made  manager  of  business 
development  and  planning.  Prior  to  his 
present  appointment,  he  was  sales  man- 
ager, thermal  products. 

Harold  V.  Page,  m.e.i.c.  (Tor.  ’43), 
Sarnia  Works  Manager,  Dow  Chemical 
of  Canada  Limited  bas  been  transferred 
to  Dow  Chemical  International  A.  G. 
In  his  new  assignment,  he  will  act  in  a 
production  management  capacity,  and 
will  make  his  headquarter  temporarily 
in  Midland,  Mich,  and  later  overseas. 
Mr.  Page  joined  Dow  Canada  in  1951 
in  the  Construction  Department  and  in 
1956  was  appointed  Plastics  Division 
superintendent.  In  1958,  he  was  ap- 
pointed works  manager  of  the  Sarnia 
operations.  He  is  Past  Chairman  of  the 
Sarnia  Branch  and  was  Branch  Council- 
lor at  the  time  of  his  transfer. 

Robert  A.  Reid,  m.e.i.c.  (McGill  ’42) 
has  been  appointed  manager,  marketing 
services  at  the  Dominion  Bridge  Com- 
pany Ltd.  office  in  Montreal.  Mr.  Reid 
was  formerly  general  manager  of  the 
Winnipeg  branch  of  the  Company,  and 
since  1959,  has  been  manager  of  manu- 
facturing services  at  Head  Office,  a posi- 
tion he  still  retains. 

A.  C.  R.  Albery,  P.Eng.,  m.e.i.c.,  has 
been  appointed  chief  engineer  and  gen- 
eral manager  of  Canadian  operations  for 
Sir  Alexander  Gibb  & Partners  and  Gibb, 
Underwood  McLellan,  Consulting  Engi- 
neers of  Toronto.  Mr.  Albery,  a gradu- 
ate of  Cambridge  University,  bas  been 
with  tbe  company  since  1958.  Prior  to 
coming  to  this  country,  Mr.  Albery  was 
in  charge  of  Sir  Alexander  Gibb  and 
Partners’  operations  in  New  Zealand, 
and  before  that,  resident  engineer  with 
the  company  on  the  Hume  River  Hydro 
Electric  Project  on  the  River  Murray  in 
Australia.  iîï 
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‘r  a ring  casting  to  top  cone  section  of  blast  furnace.  Furnace  shell  is  76  ft.  high  ranging  in  diameter  from 
tut  the  bottom  to  I//,  ft.  9 ins.  at  the  top.  It  was  made  in  Montreal. 


^obs  for  a specialist... 


Jroducing  vessels  like  those  shown  on  these 
jiges  is  a big  responsibility  and  only  a few 
DinyKinies  in  Canada  are  properly  ecjuipix'd  for 
le  work.  One  of  the  few  is  Dominion  Ihidge. 
>.  B.  maintains  first  class  jdatework  facilities 
■om  coast-to-coast  and  has  ex])eri('nced  engi- 
eers  able,  to  design  to  customers’  si)eci(ications. 
hrough  a continuing  ])rogranun('  of  res('arch 
lul  dcvelo])mcnt  by  a staff  of  the  most  talented 


people  in  the  business,  Dominion  Bridge  keeps 
technically  ahead. 

The  riatework  Division  of  Dominion  Bridge 
s])ecializes  in  the  in-oduction  of  vessels  and  tanks 
for  oil  and  chemical  processing,  imlj')  digesters 
and  acid  accumulators,  i^enstocks,  turbine  spiral 
cases,  water  towers,  storage  tankage,  boiler  shells 
and  other  sjx'cial  fabrications.  'Those  illustrated 
here  are  typical.  90 


Platework  by 


DOMINION  BRIDGE 


DOMINION  BRIDGE  COMPANY  LIMITED 


FIFTEEN  PLANIS  COASi  TO-COAST 


News  of  the  Branches 


Border  Cities 

William  C.  Luciani,  m.e.i.c. 

Correspondent 

Dr.  G.  S.  Bull,  Professor  of  Engineer- 
ing Science,  McGill  University,  was  the 
guest  speaker  at  the  January  18  meeting 
held  at  Assumption’s  University  Gentre. 
Dr.  Bull,  formerly  with  Defence  Re- 
search Board  of  Ganada,  spoke  on 
Laboratory  Space  Research.  Ganada  has 
no  space  rockets  to  fire,  he  said,  but  is 
playing  a vital  role  in  space  research 
tlirough  laboratory  research.  He  said  the 
research  in  Ganada  began  with  a need 
to  know  the  characteristics  of  a missile 
entering  tlie  earth’s  atmosphere  at  a high 
velocity.  A technique  of  firing  nose 
cones  from  guns  at  velocities  similar  to 
that  of  a body  entering  the  atmosphere 
was  pioneered  in  Ganada.  Many 
scientists  believe  it  impossible  to  build 
the  guns  necessary  and  impossible  to 
measure  effects  on  the  nose  cone.  There 
is  also  a need  to  be  able  to  identify 
these  missiles  by  the  brightness,  color 
and  other  aspects  of  their  luminous  trail. 
Such  information  is  also  useful  in  con- 
tributing to  knowledge  of  meteors  by 
analogy,  and  to  the  knowledge  of  space 
travel. 

Brockville 

A.  N.  Campbell,  m.e.i.c. 

Correspondent 

A joint  meeting  of  the  Branch  and  the 
local  branch  of  the  Chemical  Institute 
of  Canada  took  place  on  January  11. 
Seventy-five  engineers  and  chemists 
were  present.  Joint  chairmen  of  die 
meeting  were  Dr.  M.  Kirkwood,  Chair- 
man of  the  E.I.C.  Branch,  and  J.  B. 
Moriarity,  Chairman  of  the  C.I.C. 
Branch. 

“Opportunities  for  Engineering  and 
Science  Graduates  in  Industry,  and  What 
is  Expected  of  Them  by  Industry”  was 
the  topic  for  the  panel  discussion.  G.  R. 
Dance,  Du  Pont  of  Canada,  Maitland 
Works,  was  moderator  and  panelists 
were;  A.  T.  Fell,  Works  Manager,  Mait- 
land Works,  Du  Pont;  T.  A.  Lindsay, 
President,  Phillips  Electrical,  Brockville; 
and  R.  A.  Ward,  Sales  Manager,  Metal- 
bestos  Manufacturing  Co.,  Brockville. 


Each  of  the  panelists  gave  a view  on 
the  topic  as  it  applied  to  his  particular 
company.  The  discussion  was  followed 
by  a lively  question-and-answer  period. 

Members  of  the  1962  e.xecutive  are: 
J.  B.  Moriarity,  Chairman;  D.  B.  Ashen- 
den,  Vice-Chairman;  W.  R.  Hammond, 
Secretary-Treasurer;  J.  R.  Eastwood, 
Past  Chairman;  A.  N.  Campbell,  Pub- 
licity and  Junior  Activities;  R.  F. 
Mucklestone,  Membership  Chairman. 

The  Branch  and  the  local  C.I.C. 
sponsored  a Science  Fair  at  the  Thou- 
sand Island  Secondary  School  on  Feb- 
ruary 24. 

Central  British  Columbia 

A.  F.  Joplin,  M.E.I.C. 

Correspondent 

A joint  meeting  of  the  Central  British 
Columbia  Branch  and  the  A.P.E.B.C. 
was  held  January  19,  at  the  Roundup 
in  Vernon.  Retiring  Branch  Chairman  J. 
W.  Nelson  presented  a report  on  the 
Annual  Meeting  of  the  Association.  After 
a discussion  of  a proposed  program  for 
1962,  the  B.C.  Department  of  Highways 
showed  three  films  dealing  with  en- 
gineering projects  of  the  Department. 
The  films  shown  were:  “Construction  of 
Deas  Island  Tunnel”;  “Fraser  Canyon 
Highway”;  “Construction  of  Tsawwassen 
Ferry”.  The  films  were  well  received, 
and  G.  S.  Hirtle  proposed  a vote  of 
thanks  from  the  Branch  for  the  inter- 
esting program. 

Estevan  Section 

O.  P.  Lesiuk,  m.e.i.c. 

Correspondent 

Harley  Strain,  Chief  Mine  Geologist 
at  International  Minerals  and  Chemical 
Corporation,  Esterhazy,  Sask.,  was  the 
guest  speaker  at  the  Branch’s  January 
9 meeting.  His  talk,  entitled,  “Shaft 
Sinking  for  Potash”,  dealt  with  the 
problems  encountered  in  sinking  a shaft 
3,000  feet  to  the  potash  beds.  The 
method  of  Tubbing  to  overcome  the 
water-saturated  Blairmore  formation  was 
dealt  with  in  some  detail.  The  mining  of 
the  potash  at  Esterhazy,  by  the  Room 
and  Pillar  Method,  is  expected  to  begin 
by  summer  1962.  The  expenditure  on 
exploration,  shafting  and  plant  equip- 


ment is  expected  to  exceed  $50  million  : 
before  actual  mining  operations  can  be- 
gin. Mr.  Strain’s  talk  was  illustrated  by 
a color  film  of  the  Esterhazy  project. 

A $100  scholarship  will  be  presented 
to  a deserving  graduate  of  the  Estevan 
Collegiate  entering  an  Engineering  Col- 
lege. The  officers  for  1962  are;  Chair- 
man, C.  Urrenbach;  Vice-Chairman,  J.  1 
Stephenson;  Secretary  - Treasurer,  G. 
Funke;  Social  Convenor,  G.  Hedges; 
Program  Convenor,  G.  SmiÜi.  Jim  Strain 
was  thanked  for  his  work  with  the  ; 
Branch.  He  has  been  transferred  to  ; 
Regina.  | 

Kitchener 

A.  R.  Le  Feuvre,  m.e.i.c. 

Correspondent 

Dr.  B.  G.  Ballard,  President  of  the  En- 
gineering Institute  of  Canada  was  the 
guest  speaker  at  the  Branch’s  Annual 
Meeting  held  January  19.  The  meeting 
was  well  attended  and  among  tlie  84 
present  were  the  guests  from  the  Grand 
Valley  group  of  engineers.  Dr.  Ballard 
discussed  the  Confederation  Committee 
Report.  He  outlined  the  approach  of  the 
Council,  and  pointed  out  the  pros  and 
cons  on  this  subject.  A lively  discussion 
followed  during  which  members  ex- 
pressed their  wishes  for  more  informa- 
tion and  guidance  from  the  Council  re- 
garding Confederation.  This  information, 
they  said,  would  enable  them  to  make  a 
more  intelligent  decision  when  a vote  is 
taken. 

The  new  executive,  including  Chair- 
man R.  Dahmer;  Vice  Chairman,  C.  G. 

E.  Downing;  Secretary  Treasurer,  E.  H. 
Wilson;  and  Directors,  W.  L.  Bulmer, 
M.  H.  Schmitt,  W.  G.  Mayberry  and 
W.  N.  Meikle  took  office  at  this  meet- 
ing. The  new  Chairman  Ray  Dahmer, 
was  presented  with  a new  gavel,  and 
the  retiring  Chairman  was  also  presented 
with  a gavel  in  recognition  of  his  fine 
work  during  his  term  in  1961.  During 
the  meeting.  Dr.  Ballard  presented 
Technical  Essay  Prizes  to  two  University 
of  Waterloo  Engineering  students.  W. 
Bowes  received  the  first  prize  of  $25, 
and  second  prize  was  presented  to  K. 
Reichert. 

(Continued  on  page  88) 
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every  SPARLING  job  is  a big  job! 


Pictured  below  is  a 20-foot  diameter  tunnel  liner  for  the  Saskatchewan  Power 
Corporation’s  Coteau  Creek  project.  This  immense  liner  was  fabricated  right 
on  the  job  site  in  a specially  built  shop  set  up  by  Sparling.  From  tunnel  liners 
to  aluminum  vessels  for  the  chemical  industry  . . . Sparling  considers  each 
job  a big  job.  Regardless  of  size,  every  Sparling  job  receives  the  benefit  of 
world-wide  experience,  of  quality  workmanship,  of  expert  design,  fabrication, 
and  erection.  For  any  job  involving  steel  and  other  plate  products  that  you 
want  regarded  as  a big  job  to  be  finished  on  time  ...  be  sure  you  call  Sparling. 


SPARLING  TANK  & MFG.  CO.  DIVISION-PRODUCTS  TANK  LINE  OF  CANADA,  LTD. 
866  Lakeshore  Road,  Toronto  14,  CLifford  9-7851  • 1255  Laird  Boulevard,  Montreal  16,  REgent  9-2359 


Other  Divisions  of  Products  Tank  Line  of  Canada,  Ltd.  Tank  Car  Division —Lessor  of  Railway  Tank  Cars  • Graver 
Water  Conditioning  Co.— Water  Treatment  and  Chemical  Process  Equipment  • The  Lindsay  Company— Domes- 
tic Water  Softeners  • Smith  & Loveless  Company— Factory-Built  Sewage  Transfer  and  Treatment  Plants 


V 


Library  Notes 


Prepared  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 

BOOK  REVIEW 

STEELS  FOR  REACTOR  PRESSURE  CIRCUITS. 

The  report  of  a symposium  held  in 
London  in  December  1960  by  the  Iron 
and  Steel  Institute  for  the  British  Nucle- 
ar Energy  Conference,  this  volume  con- 
tains both  the  twenty-five  papers  pre- 
sented, and  the  discussion  they  aroused. 
The  five  ses.sions  covered:  high-tempera- 
ture properties  of  steels;  corrosion;  fab- 
rication of  reactor  pressure  vessels;  the 
effects  of  irradiation  on  steels;  and  steels 
which  will  be  required  for  reactors  in 
the  future.  ( London,  Iron  and  Steel  In- 
stitute, 1961.  .587  p.,  65/-.) 

* FILTRATION. 

Solid-liquid  separation  in  water,  in- 
dustrial products,  and  wastes  is  covered. 
A comprehen.sive  study  of  filtering  is 
given,  including  a brief  summary  of 
pertinent  mathematical  theories  and  for- 
mulas. Current  design  and  construction 
of  the  various  classes  of  filters  are  pre- 
sented and  illustrated,  and  operating 
practices  and  re,sultant  data  are  included. 
Special  attention  is  given  to  diatomite 
filters  for  swimming  pools  and  potable 
waters,  and  increased  yields  from  new 
additives  in  the  filtration  of  uranium  ore 
and  other  sludges.  (G.  D.  Dickey.  New 
York,  Reinhold,  1961.  3.53p.,  .$12.00.) 

* AMERICAN  BUILDING  ART: 

THE  TWENTIETH  CENTURY. 

This  volume  continues  the  story  of 
building  techniques  and  structural  art 
begun  in  “American  Building  Art:  The 
Nineteenth  Century”.  It  reviews  down 
to  the  present  the  profound  changes  in 
technology  and  in  American  society  that 
have  produced  meaningful  structures. 
The  author  assesses  such  structures  as 
steel  frames,  the  metropolitan  railway 
terminal,  steel  truss  and  girder  bridges, 
steel  arch  and  suspension  bridges,  con- 
crete building  construction,  concrete 
bridges,  concrete  dams  and  waterway 
dams  and  waterway  control,  and  the 
metropolitan  parkway.  (C.  W.  Condit, 
■Toronto,  O.xford,  1961.  427p.,  $15.00.) 


ESSENTIALS  OF  ENGINEERING 
FLUID  MECHANICS. 

An  undergraduate  te.xt  covering  the 
principles  of  fluid  mechanics,  showing 
how  they  are  used  in  all  fields  of  engi- 
neering. The  chapters  cover  fluid  prop- 
erties; thermodynamics;  fluid  statics  and 
dynamics;  potential  flow;  the  boundary 
layer  in  incompressible  flow;  dimension- 
less numbers;  the  flow  of  compressible 
gases;  flow  in  conduits;  dynamic  drag 
and  lift;  open-channel  flow;  flow  mea- 
surements; turbomachines;  gas  flow  in 
pipes  and  nozzles;  convective  heat  trans- 
fer. ( R.  M.  Olson.  Scranton,  Interna- 
tional Textbook,  1961.  404p.,  $10.50.) 


“compressed  air  and  gas  handbook, 
3rd.  ed. 

This  edition  has  been  thoroughly  re- 
vised and  includes  many  topics  of  in- 
creasing interest.  Specifically  coverage  is 
now  given  to  materials  handling  systems, 
air  circuitry  and  controls,  air  gaging, 
.specialty  tools,  automation  components, 
and  process  gas  compressors.  Factors  to 
be  weighed  in  selecting  the  centralized 
or  unit-type  compressed  air  system,  or  in 
correcting  an  inadequate  system,  are 
stated.  There  is  a complete,  up-to-date 
discussion  of  the  various  types  of  com- 
pressors and  of  pneumatic  tools  of  both 
industrial  and  construction  types,  with 
well  illustrated  e.xamples  of  their  appli- 
cation. (New  York,  Compressed  Air  and 
Gas  Institute,  1961.  Various  pagings, 
$8.00.  ) 


THE  ENGINEERING 
INSTITUTE  LIBRARY 

The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library,  and  may  be  borrowed 
by  members  of  the  Institute.  Two 
items  may  be  borrowed  at  One 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.m.;  Saturdays: 
9 a.m.  to  12  noon.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mansfield 
Street,  Montreal. 


“barrages  mobiles  et  prises  d’eau  en 
RIVIERES,  2.  ed. 

A study  of  movable  dams  and  water- 
intake  systems  in  rivers,  covering  such 
aspects  as  rate  of  water  flow,  water 
levels,  drift  of  alluvial  deposits,  and  flow 
through  sluices.  The  construction  of 
gates,  coffer  dams,  and  sand  and  gravel 
filtering  devices  is  also  considered.  This 
second  edition  contains  a new  chapter 
on  intakes  for  use  in  rivers  with  consid- 
erable slope.  (M.  Bouvard.  Paris,  Ey- 
rolles,  1960.  267p.,  29.45  NF.) 

DESIGN  AND  CONSTRUCTION 
OF  FOUNDATIONS. 

Intended  for  civil  engineers  in  gen- 
eral practice,  the  foundations  considered 
are  those  which  would  normally  be 
undertaken  without  calling  in  an  expert. 
The  author  commences  with  a discus- 
sion of  site  investigations,  loading  tests, 
applied  loads  and  settlement.  The  types 
of  foundation  covered  are  reinforced  con- 
crete slab  footings,  beam  and  slab  foot- 
ings; raft,  driven-pile  and  bored-pile 
foundations;  caissons;  and  foundations 
on  submerged  sites.  ( G.  P.  Manning. 
London,  Concrete  Publications,  1961. 
234p.,  $6.00.) 

“bibliography  of  hydrometry. 

A thorough  and  comprehensive  record 
of  scientific  investigations  into  hy- 
drometry, this  systematic  bibliography 
contains  7370  titles  of  papers  in  more 
than  thirty  languages.  The  entire  .sub- 
ject of  hydrometry  is  broken  down  into 
twenty-four  sections,  with  entries  ar- 
ranged in  chronological  order  within  each 
section.  Brief  annotations  are  given  for 
each  entry.  ( Steponas  Kolupaila.  Notre 
Dame,  University  of  Notre  Dame  Press, 
1961.  975p.,  $10.) 

“progress  in  solid  mechanics,  VOL.  II. 

Authoritative  surveys  of  recent  devel- 
opments in  the  various  branches  of  solid 
mechanics,  both  theoretical  and  experi- 
mental, are  presented.  This  volume  dis- 
cusses large  elastic  deformations,  elastic 
waves  in  anisotropic  media,  elastic  in- 
clusions and  inhomogeneities,  plastic 
waves,  measurement  of  dynamic  elastic 
properties,  discontinuity  relations  in  me- 
chanics of  solids,  and  the  stability  of 
elastic-plastic  structures.  (1.  N.  Sneddon 
and  R.  Hill.  New  York,  Interscience, 
1961.  331p.,  $11.75.) 

(Continued  on  page  89) 
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WILL  THE  WOOD  IN  YOUR  JOBS 
STAND  THE  TEST  OF  TIME? 


"Make  wood  last  3 to  5 times  longer” 


When  the  wood  in  your  jobs  is  exposed  to  moisture  of  any  kind,  it  is  subject  to  decay 
and  rot.  Paint  alone  does  not  give  positive  protection.  Ensure  the  life  of  wood  with 
OSMOSE  or  PENTOX  wood  preservatives.  File  this  handy  guide  for  reference: 


'Osmose”-freafing  railway  ties 


A penefrating  toxic  wood 
I preservative  sealer  for  dry 
^ood.  Dip  or  brush  on,  or 
obtain  treated  wood  from 

iTt 

nated  structures,  wood 
s'ding,  fences,  platforms 
pole  cross  arms,  millwork' 
end  all  exterior  wood'  i 
oround  house  and  farm 
Meets  eSA  -r-  . ' 

niTo  1 Pacification  | 


'Pen  fox' 


operafian 


For  PRESSURE 

treated  >noo 
spec'rfv 

OSMOSE 

"PRESSURE 

treated” 


'Osrtios® 


For  FIELD 
treatment  of 
green  wood 

specify 

OSMOSE 

For 

FIELD  or  PLANT 
treatment  of 
DRY  WOOD 
specify 

PENTOX 


“OSMOSE”,  applied  in 
the  field  to  green  wood 
by  mopping  or  dipping, 
has  proven  highly 
effective  tor  poles, 
posts,  flumes,  bridge 
timbers,  ties,  barges, 
dams,  etc. 


WOOD  PRESERVINS  COMPANY 


or  CANADA  LTD. 

lOeO  PRATT  AVENUE,  MONTREAl,  P.O. 
TRURO  • TORONTO  • WINNIPIO  • lONONTON  • VANCOUVER 


25  YEARS 


OF  SERVICE  IN 
WOOD  PRESERVATION 
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Appointments 

Tlie  Kmger  Organization  Ltd.,  Montreal, 
has  announced  the  election  of  Gene  H. 
Kruger  as  Chairman  of  the  Board,  B.  J. 
Kruger  as  President  and  Chief  Operating 
Officer,  and  John  T.  Dodds  as  senior 
Vice-President.  Mr.  Gene  Kruger  will 
also  remain  a director  of  the  company. 

H.  Robert  Burton,  traffic  engineer  and 
con.sultant,  has  been  appointed  a Direc- 
tor of  the  Institute  of  Traffic  Engineers. 
Mr.  Burton  will  hold  office  for  two 
years.  Mr.  Burton  is  traffic  con.sultant 
with  the  firm  of  PI.  G.  Acres,  Niagara 
Falls,  Ont. 

J.  R.  Miller,  General  Manager  of  Poly- 
mer, Belgium,  has  announced  the  ap- 
pointments of  John  II.  Gulliford,  Charles 
A.  McKenzie  and  James  H.  Watt  to  tlie 
staff  of  Polymer’s  new  butyl  rubber 
subsidiary  in  Belgium. 

Canadian  Longyear,  diamond  drilling 
contractors  and  manufacturers  has  an- 
nounced the  appointment  of  Donald 
Allan  Elliot  as  as,sistant  to  the  manager 
of  the  contract  drilling  division.  Since 
graduating  from  the  University  of  To- 
ronto in  1937,  Mr.  Elliot  has  been 
employed  by  Dravo  of  Canada  Limited 
as  a construction  superintendent. 

Fred  Snell  has  been  appointed  Vice- 
President  in  charge  of  operations  at  the 
Okanagan  Helicopter  Ltd.  He  was  chief 
pilot  of  the  Okanagan  group,  and  was 
promoted  to  Operations  Manager  in 
19.56. 

The  CBC  International  Service  has  an- 
nounced the  appointment  of  Basil  (Pip) 
Duke  as  Supervisor  of  Engineering  Serv- 
ices. Mr.  Duke  will  supervise  operations 
of  the  Service’s  shortwave  transmissions 
in  eleven  languages  directed  to  Europe, 
Latin  American,  Africa,  the  Caribbean 
area,  and  Australia.  His  work  will  also 
include  the  .shortwave  engineering  super- 
vision of  the  CBC’s  Northern  and  Armed 
Forces  Services. 

Gerald  Des  Laurier  has  been  named 
Sales  Engineer  for  Canadian  Zurn  Indus- 
tries Ltd.  Mr.  Des  Laurier  will  travel 
throughout  the  Province  of  Quebec  for 
the  Company. 


and  Transfers 


Jean  Lamarche,  previously  assistant 
manager,  of  Montreal  district,  Atlas 
Copco,  has  been  appointed  District 
Manager.  Larry  O’Shaughnessy,  previ- 
ously deputy  district  manager,  at  Truro, 
N.S.,  will  become  manager  of  the  Dis- 
trict. Formerly  representing  the  com- 
pany in  Newfoundland,  he  joined  Atlas 
Copco  in  1960. 


Canadian  Westinghouse  at  Hamilton  has 
announced  the  appointment  of  Mark 
Lowe  as  Manager  of  the  Manufacturing 
and  Repair  Division,  and  Carl  Pollock 
as  manager  of  the  Air  Brake  Division; 
The  two  men  were  assistants  to  the  Vice- 
President,  Heavy  Apparatus,  and  Mam 
ager,  Budget  Administration,  respec- 
tively. 


E.  W.  McBride,  Vice-President  (Manu- 
facturing) Abitibi  Power  & Paper  Com- 
pany Ltd.  has  announced  the  appoint- 
ments of  G.  A.  Sutton  as  Mill  Manager 
of  Iroquois  Falls  Division  and  J.  B. 
Papoe  as  Mill  Manager  of  the  Fort 
Williams  Division. 

Canadian  Industries  Limited  has  an- 
nounced the  appointment  of  M.  H. 
McKelvey  as  local  sales  manager  for 
explosives  for  the  Kirkland  Lake  and 
Noranda  Territories.  Mr.  McKelvey 
Joined  C-I-L  in  1929,  in  Toronto  and 
most  recently  was  sales  manager  in 
Noranda,  Que.  The  Company  also  an- 
nounced the  appointment  of  H.  N. 
Christensen  as  local  sales  manager  for 
e.xplosives  at  Elliot  Lake,  Ont.  Mr. 
Christensen  joined  C-I-L  in  1953  at 
Toronto  and  was  local  sales  manager  at 
Kirkland  Lake,  Ont. 


R.  S.  Mulholland  has  been  appointed 
Works  Manager  of  the  Sarnia  plant, 
Dow  Chemical  of  Canada  Ltd.  Mr.. 
Mulholland  joined  Dow  in  1948  and  in  : 
1960  was  appointed  Assistant  Works 
Manager  of  tire  Sarnia  operations. 

W.  L.  Notman  has  been  appointed  . 
Manager,  Manufacturing  services  at 
Montreal  Locomotive  Works  Limited.  ; 
Mr.  Notman  has  been  with  the  company  ( 
since  1948,  and  has  served  in  various  , 
capacities  of  the  company’s  manufactur-  ; 
ing  and  sales  operations.  He  has  been 
assistant  to  the  President  since  1958.  ; 

Harmon  S.  Eberhard,  President  of  Cater-  - 
pillar  Tractor  Company  since  1954,  has  ; 
been  elected  Chairman  of  the  Board. 
William  Blackie,  Executive  Vice  Presi- 
dent was  elected  President  to  succeed 
Mr.  Eberhard. 


Developments 

Information  contained  in  this  section  has  been  obtained  from  press  releases.  i| 
Mention  of  products  and  services  does  not  imply  endorsement  by  the  Institute. 


THE  DANFOSS  Manufacturing  Com- 
pany of  Port  Credit,  Ont.  has  introduced 
the  Type  RA  Thermostatic  Radiator 
Valve,  a self-contained  non-electriczone 
valve.  The  type  RA  is  a unit  suitable  for 
all  types  of  radiators  including  base- 
board, convectors,  free  standing  radiators. 
Being  self-powered  by  means  of  a liquid 
charge  the  unit  is  independent  and  needs 
no  electrical  wiring.  The  liquid  expands 
and  contracts  in  accordance  with  room 
temperature  and  thereby  modulates  the 
supply  of  heat. 

INTERNATIONAL  BUSINESS 
MACHINES  has  announced  a new 
family  of  modular  electronic  computers, 
the  most  versatile  yet  offered  for  scien- 


tific data  processing.  With  their  wide  " 
range  of  abilities,  the  systems  are  geared  j' 
to  the  needs  of  firms  with  a varied  data  ; 
processing  work  load.  A company  could 
use  one  of  the  computers  to  develop  a i 
chemical  process  or  test  the  wing  design  } 
of  a supersonic  aircraft,  as  well  as  for 
management  science  functions  such  as 
job-shop  simulation,  project  scheduling , 
and  linear  programming. 

A CATALOGUE  describing  its  new  hnej 
of  fluorescent  Shallow  Line  troffers,  the 
streamlined  look  in  recessed  lighting,  is 
offered  by  C & M Products,  Scarbor- 
ough, Ont.  C & M is  a subsidiary  of 
Thomas  Industries  of  Louisville,  Ky. 

(Continued  on  page  113)  i 
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Factory  manager,  warehouse  hand,  maintenance  staffer  — yes,  even 
office  steno  — there’s  no  telling  who’s  going  to  come  up  with  a good 
way  to  improve  plant  operations.  That’s  why  it  pays  to  keep  DEXION 
handy.  With  DEXION  Slotted  Angles  you  can  build  just  about  anything 
— and  in  record  time  — put  ideas  to  work  right  away.  Conveyors, 
carts,  mezzanines,  shelving  installations,  tables  — or  “just-the-ticket” 
inventions  — they’re  all  easy  to  DEXION-build.  Much  cheaper  too.  No 
skilled  labor  involved.  No  welding,  no  drilling,  no  painting.  Just  cut 
DEXION  and  bolt  it.  The  hole-and-slot  pattern  assures  rigid,  reliable 
joints.  DEXION  angles  — steel  or  aluminum  alloy- are  available  in 
4 practical  sizes.  There's  a range  of  DEXION  accessories  too. 


iu$t  mail  the  coupon  for 
FREE  idea-packed  literature 
about  cost-cutting  DEXION. 


DEXION  (CANADA)  UTD. 

114-  CLAYSON  RD.  WESTON,  ONT. 

□ Please  send  free  DEXION  literature. 

NAME 

COMPANY 

ADDRESS 
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FOURTH  SOUTHERN  ONTA 

The  Engined 

Hotel  Lonj 

1 

Saturl 

i 

Sponsoring  Branchesjl 


YOUR  CONTINUING  FAVORABLE  RESPONSE 
to  and  support  of  the  Regional  Conference  concept  has 
been  accepted  as  a challenge  by  the  Sarnia,  Windsor  and 
London  Branches  of  the  Engineering  Institute  of  Canada. 
The  program  has  been  thoughtfully  planned  to  provide 
the  best  possible  opportunity  to  discuss  the  most  recent 
developments  in  various  fields  of 

ENGINEERING 


London 


Sarnia 


Windsor 


10:00  a.m.  Representatives  of  Sponsoring  and  Participating  Branch  Executives  Meet 


10:30  a.m.  Mezzanine  Floor — Registration 


Advance  Registration  Forms  Will  Be  Mailed 
To  Participating  Members  and  A.P.E.O. 
Members  In  The  Area. 


Noon 


Grosvenor  Room — Men’s  Luncheon 


1:00  p.m.  Grosvenor  Room — opening  of  Conference,  Dr.  B.G.  Ballard,  Hon.  M.E.I.C. 

1:05  p.m.  Grosvenor  Room — “Trends  in  Engineering  Education” 

R.  M.  Dillon  B.A..  S.M.,  M.E.I.C.  If'.  A.  Thompson  A.B.,  M.B.A. 

Dean  of  Faculty  of  Engineering  Associate  Dean  of  Business 

University  of  Western  Ontario  Administration 

University  of  Western  Ontario 

D.  D.  C.  McGeachie  B.Sc.,  Dipl.  B.A. 

Vice-President  and  General  Manager 
Wolverine  Tube  Division 
Calumet  & Hecla  Canada  Ltd. 

Mr.  McGeachie  will  moderate  this  interesting  and  vital  discussion  dealing  with  the  development  of  a most  important 
aspect  of  contemporary  education,  namely  a proper  relationship  between  “Engineering”  and  “Business  Management”. 

2:15  p.m.  BREAK 

2:30-5:00  p.m.  Grosvenor  and  Regency  Rooms— TECHNICAL  PROGRAM 
6:00  p.m.  Georgian  Room — RECEPTION 

7:00  p.m.  Regency  Room — DINNER 

8:15  p.m.  Regency  Room  Special  Guest  Speaker 

“75  Years  of  Engineering  Progress” 

Dr.  A.  D.  Misener,  M.A.,  Ph.D., 

Director,  Ontario  Research  Foundation 

His  critical  review  of  the  subject  will  serve  as  a guidepost  to  our  progress  and  as  a goal  for  our  future. 

9:15  p.m.  Regency  Room  DANCE  Dress  Optional 

Bobby  Downs  Orchestra 

Midnight  The  National  Anthem 


Members  and  Ladies 
plan  now  to  register  in  advanee 
for  this  important  event 

SEVENTY-FIVE  YEARS  \ 
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eONAL  CONFERENCE 


t|tute  of  Canada 
don,  Ont. 


Ü 28, 1962 


Participating  Branches 

Srampton,  Hamilton,  Kitchener, 
Niagara,  Oakville,  Peterborough, 
Port  Credit,  Richmond  Hill, 
Toronto,  Whitby 


THE  SPECIAL  LADIES  PROGRAM 
ensures  that  your  lady  will  likewise  find  the  occasion 
very  much  worthwhile.  The  ladies  of  the  sponsoring 
Branches  have  arranged  a program  tailored  to  Southern 
Ontario  spring  weather.  Transportation  in  the  afternoon 
will  he  available  as  required.  We  look  forward  to  meeting 
with  Y - O - U 


TECHNICAL  PROGRAM  GROUP  I 


j!:.30  p.m.  “Practical  Applications  of  Recent  Advan- 
i ees  in  Soil  Meehanics”. 

Professor  L.  G.  Soderman  B.Sc.,  D.I.C.,  M.E.I.C. 

‘ Faculty  of  Engineering  Science  University  of  Western  Ontario 

riiis  paper  proposes  to  diseuss  the  more  praetieal 
|mplieations  of  reeent  advanees  in  the  seience  of 
oil  mechanies  and  its  emergenee  as  a diseipline 
■f  Engineering  Seienee.  Particular  reference  will 
le  made  to  spread  footings,  piled  foundations  and 
lexihle  bulkheads,  as  they  relate  to  the  reeent 
dvances  in  the  understanding  of  soil  meehanics. 

’rof.  Soderman  has  worked  in  industry  as  a eon- 
iidting  engineer  and  in  government  serviee,  and 
low  is  lecturing  in  soil  mechanics  at  both  the 
ilniversity  of  Western  Ontario  and  the  University 
f Toronto. 

I MODERATOR — N.  M.  Warner,  B.A.Sc.,  M.E.I.C. 

I R.  C.  Dunn  Associates  Ltd.  London,  Ont. 

1:30  p.m.  COFFEE  BREAK  INFORMAL  DISCUSSIONS 


2:30  p.m.  “The  Industrial  Group  Relationship  of 
the  Engineering  Profession  to  Manage- 
ment”. 

J.  G.  Guthrie,  B.Sc.,  M.E.I.C. 

Chief  Construction  Engineer  Imperial  Oil  Limited,  Sarnia 

This  paper  outlines  the  development  of  industrial 
group  relationship  with  management  during  the 
last  7.3  years  and  in  partieular  the  changing  rela- 
tionship of  the  engineer.  Past  eontractual,  per- 
sonnel and  human  relationship  policies  are  dis- 
eussed.  Opinions  are  expressed  as  to  the  success 
of  these  relationships  and  policies,  and  what  future 
relationships  will  satisfy  both  the  professional 
engineer  and  the  manager. 

MODERATOR — R.  F.  Routledge,  B.Eng.,  M.E.I.C. 

Chief  Operations  Engineer 
Imperial  Oil  Limited,  Sarnia 


TECHNICAL  PROGRAM  GROUP  H 


|:'l'.'}  p.m.  “Nuclear  Power  Generation 
I Eeonomics  — Design  — Construction”. 

D.L.S.  Bate,  B.A.  Sc.,  M.E.I.C. 

I Senior  Engineer  A.E.C.L.  (H.E.P.C.) 

:’he  «liHercnt  approaches  to  economical  power 
encrai  ion  using  atomic  energy,  the  economic  and 
^clinical  advantages  of  different  rcactcn-s,  Ihc 
iirrcnt  ('anadian  developments,  and  the  design 
nd  progress  of  the  Douglas  Point  (iencraling 
lalion  will  he  discussed.  The  pa|>er  will  he  illus- 
•alcd  with  slides. 

lODERA'I’OR — L.  S.  Lauchland,  M.A.Sc.,  M.E.I.C. 

•ofoHHor  and  Assistant  Dean  of  Faculty  of  Engineering 
niversity  of  Western  Ontario 


3:4.5  p.m.  “The  Plastic  Industry — 

Seventy- Five  Years  of  Growth” 

J.  Stoesser,  B..\.  Sc., 

Manager  Technical  Service  and  Development  Dow  Chemical 
Canada 

Between  the  introduction  of  cellulose  nitrate  in 
the  late  1800’s  anil  chlorinated  polyelhers  in  1059 
several  dozen  other  jdastie  materials  have  evoUed 
comnieri'ially.  'I'he  sale  and  ii.se  of  these  materials 
now  represent  C.anadian  hiisiness  in  excess  of 
.S2.>,000,000.  Chronologically  the  CMilulion  of  some 
of  the  major  plastic  materials  is  unfolileil  with 
brief  ileseriplion  of  their  properties  and  main 
end  uses.  Methoils  of  fahriealion  ;ire  eoNcred  in 
siiflieienl  detail  to  iniroduee  the  versatility  of 
the  materials.  I’he  talk  eliises  viilh  a view  to  the 
future,  aniieipaling  some  of  the  demands  that 
will  hi'  maile  upon  plasties  anil  iniliealing  some  of 
the  features  heing  tailored  into  plaslii-s  to  meet 
I hi'si'  uei'ils. 

MODEK  V rOR  — i:.  R.  fining.  U.  V.Se..  M.K.I.C. 

Suporvisor  of  Construction  Dow  Chemical  of  Canada 


FOR  nil,  LADIES 

10:3(1  a. III.  Hotel  London  Registration  and  ( iolfee  lloiir 

12:30  p.m.  Armouries  (in  Motel  laniilon  block)  Luni'lii'on  anil  Spi'eial  Easliion  Show 
3:00  p.m.  .Shopping — Aisiting — Siglitsei-ing.  Storybook  (larili'iis — Elilon  llousi- — I niversity 
(i:00  p.m.  (Georgian  Room  Reception — Rejoin  the  Gentlemen 


UNEERING  A (All  EVE  MENT 
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Lakehead 

P.  W.  Finn,  m.e.i.c. 

Correspondent 

A tour  of  Dorans  Brewery,  Port 
Arthur,  took  place  January  22  following 
a brief  business  meeting  at  which  the 
members  discussed  confederation.  R.  J. 
Waas,  Production  Manager  of  the 
brewery,  conducted  the  tour  and  e.x- 
plained  the  processes  involved.  Refresh- 
ments were  served  after  which  L.  Hard- 
man proposed  a vote  of  thanks  to  Mr. 
Waas  for  the  interesting  evening. 


Nipissing  and  Upper  Ottawa 

J.  S.  Cooper,  m.e.i.c. 

Correspondent 

A dinner  meeting  attended  by  43 
members  and  guests  was  held  January 
17  at  the  King  Edward  Hotel  in  Stur- 
geon Falls.  Frank  Clarke  welcomed  the 
gathering  on  behalf  of  the  Abitibi  Power 
and  Paper  Company,  Ltd.,  and  explained 
briefly  the  mill  inspection  trip  which 
was  to  follow.  On  arrival  at  the  mill  the 
party  was  divided  into  groups  of  about 
six  members  each,  and  with  a guide 


pneuma.±ic  recording  controller 


Control  unit  characteristics: 


* Temperature  Stability:  Less  than  0A% 
change  in  output  pressure  for  90°  F 
temperature  change. 

• Chart:  8"  diameter;  wide  variety  avail- 
able. 

* Material:  Aluminum  housing;  316  stainless 
steel  internal  parts;  Ni-Span  C feedback 
element. 

• Recording  Controllers  offered  for:  Pressure 
and  Vacuum,  Temperature,  Flow  and  Differ- 
ential Pressure,  Liquid  Level  and  Humidity. 

• Simple  modular  design  for  ease  of  servicing 

• High  control  stability  for  closer  process  control 

• Designed  for  batch-type  and  continuous  processes 

• Proportional,  proportional-plus-reset,  and  propor- 
tional-plus-derivative control  models  available 

• Less  panel  space — fits  x lOViô"  cut-out 

Write  or  call  for  complete  data 

OR  CAIMADA  L-lIVII-rED 


• Proportional  Band:  0 to  400%  continu- 
ously adjustable,  direct-  or  reverse-acting. 

• Reset:  0.1  to  100  repeats  per  minute. 

9 Derivative:  0 to  10  minutes  derivative 
time. 

• Air  Pilot:  Non-bleed  type. 

• Pilot  Capacity:  Over  3.0  scfm. 

• Frequency  Response:  Essentially  flat  to 
300  cycles  per  minute. 


TORONTO  • MONTREAL  • HAMILTON  • CALGARY  • VANCOUVER 


were  conducted  on  a tour  whicli  in-  I 
eluded  the  diversified  operations  of  tl»' 
corrugating,  hard-board  and  particle  ‘ 
board  departments.  Branch  Chairman  K,  ; 
A.  Booy  expressed  the  appreciation  of 
the  gue.sts  to  the  Company.  : 

Saint  John  ' j 

Garnet  Phinney  ^ j 

Correspondent  . j 

The  annual  meeting  of  the  Branch 
was  held  recently  at  the  Royal  Hotel.  ' ] 
Douglas  Higgins  was  elected  chairman,  j 
M.  C.  Schofield,  Vice  Chairman,  andi^ 
Eldon  Thompson,  Secretary-Treasurer.  ' f 
G.  A.  Phinney  and  H.  S.  McCleave  were' 4 
elected  members  of  the  executive  com-  [ 
mittee.  The  guest  speaker  was  A.  P.  ; 
Connell  who  described  Wildlife  in  the  ^ 
Canadian  North.  His  talk  was  illustrated 
with  several  movies  on  the  wildlife  of  ■ ( 
the  region,  glacier  flows  and  life  in 
Eskimo  villages.  Retiring  Chairman  P.  i j 
W.  Hastings  in  reviewing  the  past  year’s , ^ 
activities,  said  the  well-attended  meet-  i 
ings  and  increase  in  membership  were  i 
partially  due  to  the  professional  develop-  ; I 
ment  course  currently  being  conducted  - ^ 
for  members  of  the  branch. 

Winnipeg 

Peter  M.  Abel,  a.m.e.i.c. 

Correspondent 

The  Branch  held  its  Annual  Meeting  i 
at  Luigi’s  Banquet  Hall  in  the  Pembina  ^ 
Hotel.  The  guest  speaker  at  the  dinnei  ' 
meeting.  General  Secretary  Garnet  T.  ' 
Page,  was  introduced  by  J.  R.  Rettie  | 
Mr.  Page  discussed  the  problems  of  the  ' 
Institute,  then  dealt  at  length  with  the *  * 
“Journal”  “Transactions”,  the  Library  | 
Finances,  and  the  Employment  Service  ; ! 
He  also  reviewed  the  history  of  the  In-  [ - 
stitute,  and  discussed  s'orne  a.spects  ol|  . 
confederation.  He  succeeded  in  clarify- 1 : 
ing  a number  of  misconceptions  anc  j 
misunderstandings  about  tliese  subjects  : 
Mr.  Page  was  thanked  by  Dr.  D.  M 
Stephens,  past  president  of  the  Insti  ■ i 
tute. 

At  the  meeting,  the  secretary-treasure  . 
of  the  Branch  gave  his  annual  report 
Dean  A.  E.  Macdonald  made  the  an 
noimcement  that  Kenneth  A.  Peebles 
S.E.I.C.,  a student  at  the  University  o 
Manitoba’s  Engineering  Faculty  was  th( 
winner  of  the  E.I.C.  Award  which  wa 
presented  by  the  General  Secretary 
Dean  Macdonald  then  introduced  th^ 
winners  of  the  Athlone  Scholarship,  an: 
gave  a brief  history  of  the  scholarshipi 
The  Winners  of  the  tv,/o-years  work  am; 
study  program  in  Great  Britain  werej 
Erik  R.  Sigurdsen,  IV  Engineerin  j 
Physics;  Melvin  C.  Griffith,  IV  Electri  | 
cal;  and  J.  Leslie  Crosthwaite,  IV  Me  1 
chanical.  | 

Oakville  ' j 

A.  A.  Swinnerton,  m.e.i.c.  | 

Correspondent  i 

The  Branch’s  Annual  Meeting  wa,;  j 
held  as  a Dinner-Dance  at  tlie  Coat-  | 
Room  of  the  Country  Squire.  It  was 
very  successful  meeting  with  an  a i 
tendance  of  62.  During  the  busine j < 1 
meeting  the  following  officers  weii,  j 
elected  for  1962:  Chairman,  J.  A.  Ale  Uj 
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ider;  Vice  Chairman,  C.  F.  Gross; 
pcretary-Treasurer,  R.  Montrose;  Coun- 
llor,  A.  H.  Thompson;  Program,  S.  C. 
mith;  Membership,  J.  A.  West. 


Saskatoon 

. J.  Warder 

\)rrespondent 

Dr.  J.  B.  Mawdsley,  Dean  of  En- 
jincering.  University  of  Saskatchewan, 
as  the  guest  speaker  at  the  Branch’s 
muary  16  banquet  meeting  at  Jay 
)cc’s.  In  the  opinion  of  Dean  Mawds- 
(•y,  engineers  will  be  in  great  demand 
I]  this  rapidly  expanding  economy  of 
Canada  with  its  rapid  technological  ad- 
lances.  Dean  Mawdsley  then  sum- 
marized the  problems  of  educating 
nough  engineers  to  meet  the  needs  of 
|ic  era,  and  deciding  who  should  be 
rained  as  a scientist,  an  engineer,  or  a 
•clinician.  At  the  present  time,  he  said, 
icre  was  a demand  for  engineers  in 
ractically  all  lines,  greater  than  could 
e met  from  the  supply  of  good  men. 
Ic  mentioned  that  the  number  of  en- 
inecring  students  at  the  University  of 
askatchewan  was  remaining  practically 
table  while  the  number  of  other  stu- 
ents  was  expanding.  This  trend  was 
piiarent  in  universities  in  other  pro- 
inccs  as  well.  Dean  Mawdsley  said  it 
ivas  difficult  to  find  reasons  for  the  rela- 
ivc  decline.  “Wliy,”  he  asked,  “.should 
|)ure  .science  be  more  attractive  to  fresh- 
nen  than  engineering?”  He  said  some 
icrsons  maintained  that  the  discoveries 
if  recent  years,  radar,  transistors,  nu- 
■Icar  power,  had  resulted  in  the  glamor- 
zing  of  pure  science.  The  engineer  is 
he  middleman  between  the  scientist  and 
(•clinician,  and  engineers  are  needed  by 
his  country  to  maintain  our  way  of  life. 

Dean  Mawdsley,  in  concluding,  fore- 
aw  a marked  increase  in  enrolment  in 
he  college  of  engineering.  This  increase 
vonid  result  in  a need  for  “much  help” 
n supplying  the  necessary  staff,  buikl- 
iigs,  and  scholarships.  The  need  for  all 
hese  could  not  be  overstressed. 

'Virmipeg,  Civil  Section 

4crvyn  Mindess,  m.e.i.c. 

UnrcHpondent 

I^.  Kniper,  As.sociate  Professor  of  Civil 
'Engineering  at  University  of  Manitoba, 
vas  guest  speaker  at  the  January  25 
nccting  of  the  Branch.  In  his  talk  en- 
illed  “Hydraulic  Aspects  of  the  Grand 
Kapids  Power  Development”,  he  dc- 
.erihed  the  various  hydraulic  problems 
iivolved  in  increasing  the  flow  of  the 
■iaskatchewan  River  at  Grand  Rapids 
Mild  eonstrncling  the  water  power  de- 
M'lopinent  and  its  re([uisitc  dikes  at  that 
point.  I’rior  to  Profe.ssor  Kiiiper’s  l;dk, 
ihc  new  execulive  of  Civil  .Section  ol 
I lie  Branch  was  elected.  Members  are: 
Gliairinan,  Cordon  Demson;  Vice-Chair- 
iinan,  B.  A.  McKnight;  Secrelary-Treas- 
arer,  W.  A,  John.son;  Papers  Chairman, 
loMi'iial  (Eorrespondent,  Mervyn  Mindess 
ami  l'’,xeenlive  Members,  L.  Hurwitz  and 
I'i.  Overgaard.  A vole  of  thanks  was  ex- 
leiided  to  (he  onlgoing  Chairman,  Jim 
M.ieDonald,  and  his  execulive  including 
Messrs.  Denson  and  Johnson,  lor  iheir 
line  handling  of  the  Civil  Section  al- 
l.iirs  in  I OB  I.  llJJ 


• Library  Notes 

(Continued  from  page  78) 

“atomic  energy  waste. 

This  volume  reviews  the  current 
knowledge  concerning  nuclear  waste 
products  and  how  they  arise.  Specifically, 
it  discusses  the  effects  of  radiation  on 
materials  and  living  organisms,  the  legal 
aspects  of  atomic  energy  waste  disposal, 
the  operations  involved  in  the  treatment 
of  radioactive  waste,  fission  products  as 
sources  of  radiation,  and  the  uses  of 
radiation  in  research  and  agriculture. 
Each  aspect  is  discussed  by  a known 
authority  within  the  respective  subject 
area.  (Ed.  by  E.  Glueckauf.  New  York, 
Interscience,  1961.  420p.,  $14.00.) 


“VERFORMUNG,  SPANNUNG 
UND  KERBWIRKUNG. 

An  introductory  study  on  deformation, 
stress  and  notch  effect  intended  by  the 
authors  as  a supplement  to  books  on  the 
theory  of  elasticity.  The  material  on 
notch  effect  by  Thum  and  his  pupils 
which  had  been  scattered  through  many 
periodical  articles  is  here  considered  as 
a whole.  There  are  sections  on  de- 
formation and  stress;  simple  notch  effect; 
restraint  of  deformation  and  multiple 
notch  effect;  and  measurement  of 
elasticity  and  stress.  ( A.  Thum  and 
others.  Dusseldorf,  VDI-Verlag  GmbH, 
1980.  I0.3p.,  DM  14.60.) 

(Continued  on  page  90) 


Whos  Who 


The  second  edition  of  Who’s  Who  in 
Certified  Performance  Ratings”  is  now" 
available  to  users  and  specifiers  of  air 
moving  equipment.  This  publication  of 
the  Air  Moving  and  Conditioning  Associ-^ 
ation  meets  the  recognized  need  for  an 
official  directory  of  manufacturer^  and 
products  licensed  by  AMCA  to  use  the 


Certified  Ratings  Seal,  /j  - y 

%'■/// 


y 


in  Certified 

"Who’s  Who  in*  Certified  Performance 
‘ Ratings”containsessential  product  iden- 
tification data  on  all  air  moving  devices 
which  have  been  tested  and  rated  for 
performance  in  accordance  with  the  rigid 
«^requirements  of  the  AMCA 
Certified  Ratings  Program. 

Revised  issues  are  pub- 
lished periodically. 


#' 


Copicx  of  Hidivtin  2618,  "H'/io'.v  H'/io 
in  Ccrtijicd  I'crfonnancc  Raling.s”  arc 
availahic  from:  Air  Moving  and  Con- 
ditioning Ax.wiiation.  Inc..  /’.  O.  8o.x 
W'ind.xor.  Ontario. 


•A 

M 

-C 

A 

H h0\  mw. 

Ratings  i 
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• Library  Notes 

(Continued  front  page  89) 
“continuous  casting  of  steel. 

The  development  of  current  methods 
of  the  continuous  casting  of  steel,  both 
in  the  Soviet  Union  and  in  other  coun- 
tries, is  discussed.  In  addition  to  a 
description  of  the  equipment  used,  the 
parameters  of  the  continuous  casting  of 
steel  are  also  indicated.  The  results  of 
comparative  investigations  of  the  quality 
of  cast  ingots  produced  by  the  normal 
method  of  casting  into  ingot  molds  are 
presented.  This  is  a translation  from  the 
Russian.  ( M.  C.  Boichenko.  Toronto, 
Butterworths,  1961.  218p.,  $9.50.) 


“handbook  of  numerical  methods 

FOR  SOLUTION  OF  EQUATIONS. 

This  work,  which  is  translated  from 
the  Russian,  is  concerned  with  the  solu- 
tion of  algebraic  equations  of  third  or 
higher  order  and  of  transcendental  equa- 
tions of  an  even  more  complicated  nature. 
Various  methods  of  calculation  are  de- 
scribed, combinations  of  which  permit 
the  solution  of  a wide  range  of  prob- 
lems. Special  attention  is  paid  to  the 
more  important  methods,  the  basic  con- 
cepts of  which  are  expounded  at  length, 
and  illustrated  by  numerical  samples.  In 
many  cases  original  methods  are  intro- 
duced. (V.  L.  Zaguskin.  New  York, 
Pergamon,  1961.  195p.  $6.50.) 


C.M.C.  j?PA4,  50  ton 
special  automatic 
slotting  press 


Engineers  agree: 

specialized  machine 
does  a BETTER  job!” 


It’s  common  sense  really  — in 
every  field  of  endeavour  it’s  the 
specialist  who  does  the  best,  most 
efficient  work.  The  same  applies  to 
machinery  ...  a special  machine 
performing  one  key  function  can 
play  a tremendous  role  in  the  con- 
stant battle  with  costs,  time  and 
production. 

Investigate  the  advantages  of 
Special  Purpose  Machinery  in 
your  operation.  We  can  design  the 
machinery  alone  or  work  with  your 
engineering  department.  Call  on 
us  without  any  obligation. 


CORFOItATIOK  X/TD. 

loi  gait  • ONTASJO  • CANADA 


“modern  furnace  technology,  3rd.  ( 
The  fields  of  combustion,  gas  flj 
and  heat  transfer  are  reviewed,  and 
basic  considerations  which  can  be  appl 
to  any  type  furnace  and  to  any  fuel 
process  are  explained.  Illustrative 
amples  with  typical  calculations  are  j! 
sen  ted.  Additional  matter  in  this  edit, 
includes  new  sections  on  flames,  av 
matic  combustion  controls,  heat  balai 
diagrams,  gas  friction  calculations,  a 
refractories  which  have  recently  been  ( 
veloped  commercially.  ( H.  Etheringi 
and  G.  Etherington.  London,  GrifI 
1961.  569p.,  £6.) 


“prestressed  concrete 

CYLINDRICAL  TANKS. 

Methods  are  presented  which  redi 
the  time  required  for  calculating 
design  and  construction  of  a tank  wh 
is  most  suitable  for  a specific  purpc 
In  particular  simplified  expressions 
developed  for  the  design  of  fully  mo 
lithic  cylindrical  tanks  with  rigid  joii 
A chapter  is  devoted  to  the  essen 
features  of  the  construction  proced 
required  to  ensure  liquid  tightness, 
feature  of  the  volume  is  the  descript 
of  a number  of  selected  examples 
prestressed  cylindrical  tanks  which  [ 
sess  some  special  characteristic  of 
terest.  ( L.  R.  Greasy.  New  York,  Wi 
1961.  216p.,  $6.75.) 


“introduction  to  mechanics 

OF  CONTINUA. 

Typical  problems  and  methods 
mechanics  of  continua  are  presentee 
a level  which  estabhshes  the  groundw 
for  a more  advanced  study  of  hyc  i 
dynamics,  gas-dynamics,  plasticity,  : 
elasticity.  The  topics  discussed  incl  ■ 
geometrical  foundations,  state  of  str 
instantaneous  motion,  fundamental  la 
perfect  and  viscuous  fluids,  visco-ela 
and  perfectly  plastic  materials,  hy 
elastic  materials,  finite  strain,  and  ela 
and  hyperelastic  materials.  (Will 
Prager.  Toronto,  Ginn,  1961.  23 
$8.00.  ) 


“demineralization  by  ELECTRODIALI  f 
Research  in  the  application  of 
electrodialysis  process  for  the  commer  i 
production  of  partially  deminerali  . 
water  from  brackish  and  sea  water 
summarized.  The  broad  outlines  of  i 
electrodialysis  process  are  presented,  ; 
followed  by  a discussion  of  the  phys' 
chemistry  and  the  determination  of 
mechanical  and  electromechanical  ij 
perties  of  ion-selective  membranes.  i 
separate  chapter  is  devoted  to  exp 
mental  work  carried  out  in  develoj" 
parchment-based  membranes.  The  t 
concludes  with  the  factors  to  he  < ■ 
sidered  in  the  design  of  an  elec 
dialysis  plant,  as  well  as  the  ac  '• 
design  and  operation  of  a 2.4  mil  i 
gallon  per  day  plant.  ( Ed.  by  J.  ■ 
Wilson.  Toronto,  Butterworth,  hi' 
378p.,  $12.000.) 

(Continued  on  page  92)  ■ 
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microfilm  images 


It’s  all  there,  every  detail  sharp  and  clear,  in  Recordak  precision  35mm 


There’s  more  to  these  Recordak  pictures 
than  meets  the  eye! 


Recordak  precision  35mm  microfilm  images 
more  than  meet  the  most  exacting  requirements 
— give  a minimum  of  120  lines  per  mm  reso- 
lution at  30-to-l  reduction  ratio. 

Look  closely  at  some  Recordak  microfilm  images 
in  a film  reader.  See  how  every  detail  is  sharp  and 
clear  . . . how  the  backgrounds  arc  remarkably  uni- 
form, even  though  the  pictures  you’re  looking  at 
were  made  from  drawings  and  prints  of  every 
type  and  age. 

How  do  these  Recordak  pictures  come  out  so  well? 

First,  the  negatives  were  made  on  Recordak  Micro- 
iFilc  Film  with  Recordak  Precision  Microfilming 
ic(|uipmcnt.  Carefully  controlled  exposure  techniques 
assure  uniform  backgrounds  and  contrast.  1 he  ex- 

of  Canada,  Limited 

MONCTON  • QUEBEC  CITY  • MONTREAL  • OTTAWA 
TORONTO  • HAMILTON  • LONDON  • WINNIPEG 
I REGINA  • CALGARY  • VANCOUVER 
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posed  film  is  then  developed,  according  to  the  most 
up-to-date  scientific  standards. 

Your  staff  can  easily  be  trained  in  the  use  of  the 
Recordak  Micro-File  equipment  especially 
calibrated  to  produce  images  as  sharp  and  clear  as 
you’ll  ever  need. 

This  is  important,  for  your  success  with  an  auto- 
mated engineering  drawing  program  depends  mainly 
on  the  quality  of  the  pictures  you  use,  and  on  the 
quality  of  the  prints  you  can  make  from  them. 

Free  booklet  goes  into  more  details  on  precision 
microfilming  availalile  through  Recordak.  Obtain 
it  l)y  using  this  coupon. 

MAIL  COUPON  TODAY.  ••••••••••• 

* RI'.CORDAK.  of  Cbn.ul.i,  Limited  ^ 
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VAPOR 

MODULÀTIC 


the  boiler  that 
never  needs 
complete  replacement 


A lifetime  of  instant  steam.  On  a Vapor 
Modulltic*  each  part  is  completely  re- 
placeable. This  means  a boiler  that  stays 
serviceable  . . . without  the  danger  of 
costly  replacement.  You  change  only  the 
part  you  need  . . . cut  down  time  . . . lower 
maintenance  expenses  as  never  before. 

OUT  WITH  THE  OLD-IH  WITH  THE  NEW 


Even  the  servo  control  on 
a Vapor  Modulatic*  is  in- 
dependently replaceable. 
Get  years  of  use  . . . then 
keep  the  Vapor  Modul- 
atic*, change  only  the 
parts  you  need. 

Up  to  90%  efficiency  means 
more  steam  — at  less  cost 
than  ever  before.  Get  full 
information  on  the  Vapor 


Modulatic*  now. 


• Library  Notes 

(Continued  from  page  90) 


THE  CALCULATION  OF  LOAD  AND  TORQUE  IN  HOT 
FLAT  ROLLING. 

Recent  investigations  have  provided  stress-strain  data 
for  different  types  of  steel  at  temperatures  and  deformation 
rates  applicable  to  the  hot-rolling  process.  This  has  made 
possible  the  calculation  of  rolling  load  and  torque  in  hot 
rolling  by  the  use  of  formulae.  The  method  of  calculation 
is  given  in  this  volume,  with  the  basic  information  required 
for  calculation  given  in  graphical  form.  Information  is 
given  for  12  types  of  steel  at  varying  temperatures,  and 
three  additional  types  are  covered  in  the  supplement.  (P. 
M.  Cook  and  A.  W.  McCrum.  London,  British  Iron  and 
Steel  Institute,  1958.  109p.  and  supplement.) 


I 

i 

i 
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"methods  for  emission  SPECTROCHEMICAL  I 

ANALYSIS,  3rd.  ed.  1 

Standards,  tentative  standards,  and  proposed  and  ,sug-  ! 
gested  methods  relating  to  emission  spectrochemical  analy-  j 
sis  are  included.  The  book  is  divided  into  four  parts  dealing  ' 
with  general  practices,  nomenclature,  spectrochemical  ana-  ;• 
lysis  of  metals,  and  spectrochemical  analysis  of  nonmetals.  ■ 
(Philadelphia,  American  Society  For  Testing  Materials,  ! 

1960.  685p.,  $11.00.)  i 


CIVIL  ENGINEERING  EDUCATION. 

The  study  was  sponsored  by  the  Cooper  Union,  the  i 
American  Society  of  Civil  Engineers,  and  the  American  . 
Society  of  Engineering  Education,  under  a grant  by  the  j 
National  Science  Foundation.  The  purpose  of  the  study  i 
was  to  evaluate  the  civil  engineering  curriculum,  and  put  ’ 
forward  suggestions  for  its  modification.  The  sessions  j i 
covered  such  topics  as  the  scope  of  civil  engineering;  the  I 
distinction  between  science  and  engineering;  the  “inter-  ' i 
changeable  core”  curriculum;  professional  development;  | ; 
long-range  goals  in  civil  engineering  education.  (New  York,  | ; 
A.S.C.E.,  1961.  189p.,  $1.00.)  I 


DYNAMICS  OF  REAL  FLUIDS,  2nd.  ed.  | 

Largely  revised,  this  edition  contains  new  chapters  on , 
hypersonic  flow,  aerodynamic  noise,  particulate  phenomena  I i 
and  magneto  hydrodynamics,  and  the  late  author’s  ex- 1 
periments  on  the  sounds  of  impact  of  a solid  on  a liquid  ■ j 
surface,  and  those  on  the  threshold  and  initiation  of  ! 
cavitation  are  described.  Many  figures  and  references  are  j 
included.  (E.  G.  Richardson.  London,  Arnold,  1961.  231p.,  i 
$8.50.)  ; 

i 

"rohrleitungen  in  dampfkraftwerken  und 
dampfverbrauchenden  betrieben. 

This  is  a new  edition  of  a volume  on  piping  in  power 
and  process  steam  plants  dealing  ivith  the  applicr  tions  and  i 
reliability  of  piping  components  under  various  operating-, 
conditions  based  on  practical  experience.  Particular  attention  | 
is  paid  to  new  requirements  due  to  higher  pressures  and  J 
temperatures.  German  standards,  specifications  and  rules  j 
are  given  for  avoiding  design  and  operating  failures.  The  j 
main  practical  portion  of  the  book,  dealing  ivith  structuial  j 
components  is  preceded  by  a theoretical  section  on  the  j 
calculation  of  pressure  drop  and  heat  losses  in  pipes,  and  ' 
the  strength  of  pipes  and  flanges.  The  book  also  contains  a | 
list  of  the  important  German  standards  and  specifications  j 
and  a bibliography  on  piping.  (Fr.  F.  Wiese  and  others.,. 
Dusseldorf,  VDI-Verlag  GmbH,  1960.  279p.,  DM  36.80.)  J ' 


*JJ  ZZ 

*Trade  Marks  Registered 


VJtPOit 


VAPOR  HEATING 


LIMITED 


3955  COURTRAI  AVE. 


MONTREAL,  QUE. 


"pore  pressure  and  suction  in  soils. 

This  volume  contains  the  proceedings  of  a conference  ; 
held  in  London  in  1960  which  was  organized  by  the  British  \ 1 
National  Society  of  the  International  Society  of  Soil  Me- , : 
chanics  and  Foundation  Engineering.  Seventeen  papers  i|. 
cover  general  principles  and  laboratory  measurements;  f 
earth  dams,  embankments,  and  foundations;  and  roads  and|i 
runways.  Papers  are  given  in  English  and  French.  (Toronto,,]» 
Butterworth,  1961.  151p.,  $11.25.)  it 
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“I’HESSURIZED  PACKAGING  ( AEROSOLS  ),  2nd.  ed. 

'Phis  edition  includes  new  material  on  compressed  gases 
! and  formulations  employing  compressed  gases,  a section  on 
I legal  regulations  and  a bibliography  of  relevant  patents, 
f As  in  the  first  edition,  there  are  chapters  on  such  topics  as 
* j)ropcllants,  containers,  filling  methods,  valves,  laboratory 
I procedures  and  perfumes.  A section  on  formulations  covers 
I such  widely  different  items  as  food,  insecticides,  cosmetics, 
[ paints  and  varnishes,  medicinal  preparations  and  dog 
I shampoos.  In  addition  trade  names  and  patents  and  a world 
jchrcctory  of  suppliers  are  appended.  References  are  listed 
at  the  end  of  each  chapter.  (A.  Herzka  and  J.  Pickthall. 
Toronto,  Butterworth,  1961.  509p.,  $15.00.) 

“transverse  vibration  theory. 

Transverse  vibrations  of  beamlike  structures  with  many 
(legn'o  of  freedom  are  investigated.  The  classical  and 
ix'tter-known  numerical  methods  for  .solving  transverse 
vibration  problems  are  first  reviewed.  A new  method  of 
ctpiivalent  systems  is  then  developed,  leading  to  the  dynamic 
liingc  concept.  This  permits  a portion  of  the  structure  to 
be  isolated  and  used  for  determining  the  fundamental 
frct|iicTicy  of  vibration.  The  methods  are  general  and 
ai’/plicable  to  the  most  difficult  multiple-span,  variable- 
stiffness  structures.  The  theory  applies  to  all  beamlike 
jslriictiires,  whether  they  are  buildings,  bridges,  ships,  air- 
))lane  components,  or  mechanical  devices.  (D.  C.  Fertis 
and  Is.  C.  Zobcl.  New  York,  Ronald  Press,  1961.  .301p., 
$10.00.) 

“faii.cre  and  repair  of  concrete  structures. 

The  chemical  and  mechanical  failure  of  concrete  is 
described  and  illustrated  by  photographs  extending  back 
over  a period  of  thirty  years.  Methods  of  repair  are  then 
outlined,  and  the  merits  of  slurrying,  rendering,  gunite,  and 
spraying  are  di.scussed.  Cracks  and  joints  are  dealt  with 
ipartii  niarly  from  a waterproofing  point  of  view.  A chapter 
on  repair  supervision  concludes  the  book,  and  provides  a 
review  of  the  important  points  covered  in  the  previous 
eliapters.  (S.  Champion.  New  York,  Wiley,  1961.  199p., 
$6.75.  ) 

“'ku'iuiness  and  brittleness  in  metals. 

'I'h(?  four  papers  contained  in  this  volume  are  the 
leetiires  delivered  at  the  14th  Annual  Refresher  Course  of 
the  Institution  of  Metallurgists  held  at  Eastbourne  in  1960. 
rh<'y  discuss  the  definition  and  significance  of  toughness 
and  brittleness  in  metals,  the  engineering  aspects  of  tough- 
ness and  brittleness  in  metals,  the  effect  of  environmi'iit  on 
■inbrittleinent  in  metals,  and  the  metallurgical  aspects  of 
Inetility  and  brittleness  in  metals  and  alloys.  ( London, 
lllilb',  1961.  I08p.,  27/6.) 

“unit  operations  of  sanitary  engineering. 

The  physical  processes  of  major  importance  in  the 
lesign  of  sanitary  engineering  treatment  facilities  an*  dis- 
I'lissed  with  emphasis  on  the  rational  rather  than  the  em- 
pirical apiu’oaeh  to  design  problems.  'I'he  author  covers 
llnid  transport  in  closed  and  oiien  conduits,  mixing, 
•eiliinentation,  floration  and  aerosol  separation,  flow  through 
I'leds  of  solids,  vacuum  filtration,  gas  transfer,  adsorption 
nid  leaching,  heat  transfer,  evaporation,  iisychometrv’  and 
jiinnidifieation,  and  drving.  (L.  C.  Rich.  New  '^'ork.  Wilev, 
1961.  3()Hp.,  $10.75.) 


■‘oi-IIMUM  USE  OF  ENGINEERING  TALENT. 

N’aiions  phases  of  effei'tive  engineming  man  igeinent  ari’ 
lisenssed,  I rom  the  basic  objectives,  responsibilities,  and 
:irg.ml/ation  ol  the  engineering  division  to  tlu'  recruiting 
nid  selection,  compensation,  supervision,  lu'olessional  de- 
• elopment,  and  evaluation  of  engineers.  .\  speiial  gronii  ol 
'•ise  vtndii's  desiribes  tin-  engineering  organi/alions  ol 
71'/,  ('tirhtiniiitiuni  and  ('(>111  air.  (Ed.  !>>•  |.  W.  Blood. 
$e\\  'ork,  American  M.magement  .Assoii.ition,  lt)6l.  llOp., 
19.00,) 
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In  the  Field ...  or  at  your  Desk 


INSTRUAAENTS  are 
FAST  and  ACCURATE 


ACU-ARC  RULER 

The  revolutionary  Acu- 
Arc  ruler  offers  you 
a method  of  drawing 
arcs  of  circles  of  any 
radius  from  7"  to 
200"  — quickly,  easily 
and  accurately.  No 
other  single  instru- 
ment is  available  to 
draw  arcs  of  circles 
of  such  a large  range 
of  radii. 


POLYANGLE 

The  Polyangle  is  an 
instrument  designed  to 
adiust  to  a pad  for 
fast,  accurate  sketch- 
ing or  drawing  to 
scale.  The  Polyangle 
is  available  in  a com- 
pact plastic  carrying 
case  — ideal  at  your 
desk  or  in  the  field. 


QUICK-SET  BOW 

Convenient,  time  sav- 
ing, accurate  — these 
are  the  features  that 
make  the  alpha  Quick- 
Set  Bow  one  of  the 
most  useful  single  in- 
struments you  can 
own.  You  simply 
squeeze  legs  and  it 
sets  the  radius  you 
want. 


PLASTIC  ERASERS 

For  sharp,  clean  eras- 
ing, use  Nodalon  plas- 
tic erasers.  Features 
include  no  marring  of 
paper,  crumbs  adhere 
as  it  erases  and  it 
will  n 0 t discolour 
plastic  instruments  or 
paper. 


Other  alpha  Instruments  available  from  stock: 

Drafting  Machines,  Drafting  Tables  and  Boards,  Bows  and  Pens, 
Drawing  Sets,  Slide  Rules,  Set  Squares,  Protractors,  Templotes, 
Lettering  Equipment  and  Sets,  Scribers,  Lettering  Stencils,  Draw- 
ing Board  Covert. 


CARSEN  INSTRUMENTS 

LIMITED 
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Wanapum  and  Carillon:  Two  of  the  outstanding  names 
in  Hydro  Power  Development.  These  plants  are  equipped  with 
Dominion  Engineering  Kaplan  Turbines  having  a total  capacity  of 
2,532,000  H.P. — products  of  Dominion's  integrated  research, 
engineering  and  manufacturing  facilities. 

Hydraulic  Division 
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• Discussion 

(Continued  front  nage  68) 

power  system,  is  not  sufficient  to  provide 
complete  stabilization  with  permanent  speed 
droops  which  are  usually  in  the  order  of 
5%.  When  a power  system  is  operated  in 
the  manner  described  above,  it  is  usual  to 
place  the  dashpot  by-passes  in  operation 
on  mechanical  type  governors  and  operate 
with  a very  minimum  of  secondary  com- 
pensation. This  practice  may  be  quite 
feasible  on  a moderate  sized  hydro  system 
when  it  is  tied  in  with  a large  system.  How- 
ever. if  this  system  ever  becomes  detached 
from  the  large  one,  instability  can  result. 
Another  hazard  that  is  involved  with  major 
hydro  systems  which  are  interconnected 
with  each  other  is  that  each  system  may 
assume  that  it  is  a small  system  relative  to 
the  whole,  and  by  reducing  the  secondary 
compensation,  endanger  the  whole  inter- 
connection from  a speed  stability  point  of 
view.  In  other  words,  if  all  the  hydro  sys- 
tems which  are  interconnected  with  each 
other,  adopt  this  same  practice,  then  the 
whole  system  considered  as  a large  equiva- 
lent generator  could  go  into  a continual 
hunt  as  regards  frequency. 

On  the  system  with  which  the  writer  is 
associatetl,  only  the  machines  which  are 
controlling  the  generation  for  load  fre- 
ciuency  control  purposes  have  the  second- 
ary compensation  reduced  by  using  the 
mechanical  by-pass  and  all  other  machines 
are  left  with  normal  primary  and  secondary 
compensation  settings. 

In  connection  with  the  author's  remarks 
on  the  ell'ects  of  water  inertia,  he  states 
that  the  effect  of  gate  closure  and  gate 
opening  causes  unstahilizing  factors  which 
are  “quickly  arrested".  It  should  perhaps 
be  pointed  out  that  on  one  hydro  generat- 
ing station  which  is  being  constructed  by 
the  writer's  organization,  mathematical  com- 
pulation indicates  that  on  a gate  closure 
the  component  of  turbine  torque,  due  to  the 
water  hammer  effect,  persists  for  about  10 
seconds  in  a positive  direction  and  the 
peak  value  of  this  change  does  not  appear 
until  about  live  seconds.  These  limes  are 
measured  from  the  instant  of  gate  closure. 
This  relatively  long  time  is  due  to  the  fact 
that  the  water  starling  time  on  this  par- 
ticular machine  is  in  the  order  of  2.5 
seconds. 

The  author  mentions  that  the  setting  of 
hydro  governors  for  stable  operation  are 
made  in  accordance  with  the  requirements 
as  indicated  in  References  4 and  5 of  the 
paper,  namely: 

= 2Tw,  Tr  = 5 Tw. 

Tm 

He  states  that  the  machines  are  set  up  to 
these  values  for  off-line  operation  although 
the  parameters  indicated  are  those  shown 
for  full  load  on  line  operation  if  rated 
water  velocity  for  full  load  operation  is 
assumed  in  the  calculation  of  Tw.  It  per- 
haps should  be  pointed  out  that  if  Tw  is 
calculated  for  a water  velocity  correspond- 
ing to  off-line  operation  in  setting  up  the 
governor,  then  a low  value  of  Tw  will  result 
and  while  the  machine  perhaps  would  be 
stable  at  speed  no  load,  it  could  be  quite 
unstable  at  full  load  due  to  the  fact  that 
Tw  is  much  higher  under  rated  load  con- 
ditions. It  is  the  writer’s  opinion  that  the 
values  shown  in  Fig.  4 should  be  stated  as 
those  corresponding  to  full  rated  head  and 
load  in  order  that  an  adequate  margin  of 
stability  be  retained  on  the  machine  under 
all  conditions. 

The  writer  agrees  entirely  with  the 


author’s  remarks  with  regard  to  the  slug- 
gish response  of  mechanical  type  governors 
when  the  secondary  compensation  is  not 
reduced  for  on  load  operation.  However, 
the  writer  feels  that  the  approach  to  ob- 
taining faster  response  by  using  the  dash- 
pot  by-pass  valves  should  be  approached 
with  caution,  particularly  if  it  is  decided 
that  all  plants  on  the  system  are  to  be  set 
up  with  these  devices  in  operation,  and  as 
mentioned  previously,  in  the  writer’s  or- 
ganization these  devices  are  only  used  on 
the  machines  which  are  required  for  load 
frequency  tie-line  control. 

In  Fig.  3 on  Page  4 an  excellent  diagram 
is  shown  giving  the  relation  between  iso- 
chronous and  permanent  speed  droop 
operation  of  say  two  machines.  However, 
for  purposes  of  accuracy,  would  it  not 
have  been  better  to  have  used  the  term 
“gate”  instead  of  “load”  in  order  to  accord 
with  the  definition  of  speed  droop  which 
relates  speed  to  gate  position  rather  than 
load. 

The  writer  is  happy  to  note  the  author’s 
remarks  with  respect  to  electro-hydraulic 
governors  and  the  advantages  they  possess 
over  the  mechanical  type  governor  with 
which  most  of  us  are  familiar,  and  it  might 
he  of  interest  to  point  out  the  writer’s  or- 
ganization is  now  building  a large  hydro 
station  which  in  all  likelihood  will  be  fitted 
with  electro-hydraulic  governors  using  de- 
rivative stabilization.  It  is  felt  that  this  form 
of  governor  will  provide  considerable  ad- 
vantage in  that  load  frequency  control  will 
be  transferred  to  these  machines,  probablv 
with  joint  control  facilities  and  the  stepped 
permanent  speed  droop  characteristic  which 
is  shown  in  Fig.  II.  The  writer  fee's  that 
the  derivative  stabilized  governor  has  a 
distinct  advantage  over  the  temporary  droop 
tvpe  governor  in  that  no  change  has  to  be 
made  to  the  stabilizing  circuits  after  the 
machine  becomes  connected  to  the  system, 
such  as  is  required  with  a conventional 
type  governor  which  received  its  stabilizing 
signals  from  gate  movement.  In  connection 
with  the  stepped  permanent  droop  charac- 
teristics which  the  author  points  out  as 
being  provided  in  a large  hydro-electric 
generating  station  presently  under  construc- 
tion, the  writer  would  like  to  inquire  as  to 
what  range  is  being  provided  for  the  dead- 
band zone. 

In  commenting  on  the  author’s  conclu- 
sion, the  writer  agrees  wholeheartedly  that 
some  form  of  central  authority  may  be 
necessary  when  interconnection  expand 
into  the  future  in  order  that  the  participat- 
ing power  systems  may  co-ordinate  their 
control  systems  to  obtain  mutual  benefit 
and  satisfactory  operation  of  the  whole 
interconnection. 


Discussion  htj 
C.  Kent  Duff 

The  major  conclusion  of  this  paper 
(p.  13)  is  that  electro-hydraulic  governors 
should  be  adopted,  especially  where  the 
generating  stations  will  be  under  automatic 
load-frequency  control.  The  potential  ad- 
vantages of  electric  governors  appear  to 
justify  this  conclusion  as  a long-range  goal. 

Ontario  Hydro  has  begun  to  move  in 
this  direction  but  experience  to  date  is 
limited.  A demonstration-type  electric  gov- 
ernor was  tried  at  DeCew  Falls  plant  for 
about  10  months  in  1958-59.  This  governor 
had  temporary  droop  stabilization  and 
worked  satisfactorily  in  normal  operation 
and  also  for  brief  periods  on  load-frequency 
control  from  a remote  point. 

'We  now  have  in  commercial  operation 


two  permanent  installations  on  the  two 
20.25  Mw.  units  at  Red  Rock  generating 
station  in  Northeastern  Ontario.  These 
units  have  fixed-blade  propeller  turbines 
operating  under  a net  head  of  93  ft.  The 
governors  are  twin-cabinet  actuators  with 
electrical  speed  sensing  and  speed-derivative, 
stabilization.  These  governors  have  operated 
satisfactorily  for  wide  changes  in  the 
amount  of  interconnected  generating  capac- 
ity, including  the  condition  of  isolated 
operation,  without  alteration  of  the  stabiliza- 
tion settings.  The  first  unit  was  commis- 
sioned in  the  fall  of  1960  and  the  second 
in  January  1961.  These  units  have  not  been 
used  for  automatic  load-frequency  control 
but  experience  to  date  supports  the  expecta- 
tion that  they  would  perform  well  in  that 
service. 

We  have  also  added  a rapid  load  control 
auxiliary  (“transducer”,  p.  12)  to  the 
cabinet-type  mechanical  governors  in  several 
existing  plants  after  trial  installation  on  a 
unit  at  Sir  Adam  Beck  — Niagara  No.  2 
generating  station  in  1957.  This  device  has 
some  of  the  important  advantages  of  an 
electric  governor  in  that  it  is  adapted  to 
receive  a continuous  type  control  signal 
(d-c  milliampères)  and  can  quickly  position 
the  governor  speed  setting  to  a correspond- 
ing level.  It  can  also  maintain  approximate  i 
load  balance  among  the  units  in  one  plant. 
The  governors  are  also  equipped  with  a 
solenoid-operated  dashpot  by-pass,  open 
continuously  when  the  unit  is  on  automatic 
load-frequency  control  to  reduce  the 
governor  response  time. 

Certain  statements  or  recommendations 
made  by  the  author  may  be  debatable,  and 
on  some  of  these  the  following  comments 
are  offered. 

1.  The  statement  on  page  2 — “The  iso- 
chronous governor  is  inherently  unstable”, 
may  be  misunderstood  if  read  out  of  the 
context  of  paragraph  (a)  which  indicates 
that  means  of  stabilization  must  be  (and 
normally  are)  built  into  the  governor. 

References  to  hunting  or  oscillating  of 
two  or  more  units  controlled  by  isochro- 
nous governors  (p.2),  and  to  two  or  more 
stations  controlled  by  flat  frequency  con- 
trollers (p.5)  give  an  unrealistic  descrip- 
tion of  their  interaction.  Rather,  the  load 
will  drift,  more  or  less  gradually,  from  the 
unit  having  the  lower  speed  setting  to  the 
one  having  the  higher  speed  setting,  until 
one  or  other  reaches  the  limit  of  its  gate 
travel. 

2.  Permanent  speed  droop  is  the  relation- 
ship between  steady-state  speed  and  gate 
opening,  and  is  so  described  in  the  first 
paragraph  of  section  (c)  on  page  2.  A more 
specific  definition  is  given  in  section  14  of 
AIEE  Standard  No.  605,  September  1950, 
“Recommended  Specification  for  Speed- 
Governing  of  Hydraulic  Turbines  Intended 
to  Drive  Electric  Generators”.  In  Eig.  3, 
permanent  speed  droop  is  erroneously 
described  as  the  per  unit  change  of  fre- 
quency corresponding  to  a load  change 
from  zero  to  “full  load”.  The  relationship 
between  steady-state  speed  and  load  is 
known  as  “steady-state  speed  regulation”, 
as  defined  in  section  15  of  AIEE  Standard 
No.  605.  Speed  regulation  is  always  less 
than  speed  droop,  usually  between  65  and 
90%  of  the  speed  droop.  Unlike  speed 
droop  which  is  determined  only  by  mechani- 
cal settings  in  the  governor,  speed  regulation 
varies  with  changes  in  head  on  the  turbine. 
Also,  the  speed-droop  curve  is  usually  close 
to  a straight  line,  whereas  the  speed  regu- 
lation curve  is  affected  by  non-linearity  in 
the  load-gate  relationship.  The  incremental 
speed  regulation,  therefore,  may  vary  greatly 
over  the  load  range. 

(Continued  on  page  103) 
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In  general  discussions  on  frequency  con- 
rol  and  load-sharing  among  units,  the  term 
peed  droop  is  often  loosely  used  to  mean 
peed  regulation.  The  distinction  should, 
lowever,  be  recognized  in  cases  where  the 
ilferencc  is  significant. 

3.  In  sub-section  (f)  on  compensation, 
lagc  3,  it  is  stated  that  — “This  anticipa- 
ury  action  must  be  a function  of  the 
cceleration  of  the  unit  . . . ”.  This  state- 
aent  is  inconsistent  with  subsequent  state- 
ricnts  on  the  same  page,  wherein  gate 
losition  feedback  (temporary  droop  sta- 
lilization)  is  mentioned  as  a form  of  antici- 
latory  action. 

Temporary  droop  stabilization  is  said  to 
ic  “the  derivative  of  the  gate  movement 
gate  acceleration)  — ”.  The  writer  suggests 
hat  gale  speed  rather  than  gate  acceiera- 
ion  is  the  true  basis  of  temporary  droop 
labilizalion. 

4.  Excessive  wear  of  parts  of  governors 
nd  associated  equipment  is  usually  ex- 
icctcd  when  automatic  load-frequency  con- 
rol  is  applied  to  generating  units.  (Sec 
lagcs  5 and  8).  In  the  experience  of 
)ntario  Hydro  over  a period  of  26  years, 
ising  impulse-type  reset  control  (short,  in- 
einiiltcnt  raising  or  lowering  impulses  to 
;ovcrnor  synchronizing  motors)  increased 
i'car  has  not  been  noticeable.  More  rc- 
cnlly,  however,  continuous  type  control  of 
ynchronizing  motors  using  thyratons  has 
ncreased  the  maintenance  on  synchroniz- 
ng  motors  in  one  plant.  The  addition  of 
apid  load-control  auxiliaries  for  the  gover- 
lors  of  this  plant  is  under  consideration. 

In  special  tests  where  a single  large  unit 
las  been  forced  to  take  all  the  swings  with 
ligh-spccd  continuous-type  control,  gover- 
lor  oil-pump  motors  tended  to  overheat 
nul  the  turbine  gate  stems  required  more 
requent  lubrication,  but  this  was  not  a 
lormal  condition. 


5.  The  author  advocates  (page  12)  the 
ISC  of  solid-state  devices  in  system  control 
(.luipnicnl  to  reduce  time  lags,  etc.  These 
evices,  when  operated  within  their  limits 
if  current,  voltage  and  ambient  tempera- 
II re,  do  have  a number  of  advantages.  It 
hould  be  noted,  however,  that  they  are 
cry  easily  damaged  by  inadvertent  ap- 
lication  of  excc.ss  voltage  which  may  occur 
iiiing  routine  testing  or  from  voltage 
urges  in  the  power  supply.  Maintenance 
ersonnel  rci|uirc  special  training  in  test 
roceduies  on  transistorized  equipment, 
lansistor  burnouts  have  also  been  at- 
jiibuted  to  voltage  surges  in  the  d-c  power 
apply  from  a station  battery.  I'ilter  net- 
orks  and  /ener  diodes  have  been  used  for 
loteclion  against  ilamaging  over-voltages. 


6.  In  the  section  r)n  Operating  I’rcrblems 
nd  Keciuirements,  reference  is  marie  to 
evei.d  kinds  of  intei actions  aiul  means  for 
voiding  them.  It  may  be  atlded  that  the 
iteiactions  between  a station  on  Mat  I re- 
iieney  Contiol  anti  another  station  on 
hit  .Sl.ition  I oatl  Crnitrol  (p.  h)  will  occur 
No  on  intercoimecterl  systems  where  one 
jvsiem  is  on  Mat  l ietiuency  Control  and 
iheis  .lie  on  Mat  Tie  1 ine  Control  tp.  6). 
'he  sohitirm  is  to  pul  all  systems  on  tie  line 
'll. IS  Contiol  as  advocaterl  on  p.  6,  with 
fie  bias  selling  of  each  system  crmliollei 
r'l  to  match  the  naluial  tlioop  of  each 
hdividtial  system. 

j Inleiaclion  between  stations  h.iving  rlil 
j^ienl  I, lies  of  lesponse  to  a comnum  lesel 
''iiliol  sign.il  is  explainerl  on  |r.  ID  ,uul 
j IS  shown  Ih.il  the  late  ol  lesel  shoiiUI 
|ol  exceeil  the  lesponse  rale  of  the  slowest 
(alion.  It  does  not  follow,  howevei.  that 
le  lesponse  of  all  systems  m .in  inlet 
nmerlion  must  lie  leduced  to  the  i.ile 
I the  slowest,  because  each  svsiem  is 


regulated  by  its  own  controller  which  can 
be  matched  to  the  response  of  its  own 
generation.  A slow-responding  system  in  an 
interconnection  merely  prolongs  the  time 
during  which  other  systems  must  lend  tem- 
porary support  following  a disturbance 
originating  in  the  slow  system.  If  the  dis- 
turbance occurs  in  the  fast-responding  sys- 
tem, the  correction  will  be  made  more 
quickly.  Cf.  First  paragraph  in  sub-section 
(c),  page  1 1. 

7.  This  final  comment  relates  to  the 
startling  proposal  to  make  governors  in- 
sensitive to  frequency  and  dependent  only 
on  control  from  a system  controller.  This 
radical  doctrine  is  stated  in  sub-section  (d), 
page  5;  in  sub-section  (f),  page  8;  in  sub- 
section (b),  page  11;  and  is  finally  pro- 
posed on  page  12  in  the  form  of  a com- 
promise, “Stepped  Permanent  Speed  Droop 
Characteristic”.  This  proposal  and  its  im- 
plications require  a much  more  thorough 
examination  than  they  have  received  in  the 
paper.  This  discussion  will  merely  list  a 
few  salient  questions  and  offer  some  tenta- 
tive answers. 

(a)  What  more  intelligent  command  can 
be  given  to  a governor  on  the  occurrence 
of  a frequency  change  than  to  change  load 
by  a proportionate  amount,  at  least  as  an 
initial  action? 

(b)  What  system  controller  could  pro- 
duce frequency-corrective  action  more 
quickly  or  reliably  than  the  governor  itself 
can  do  when  permitted  to  respond  to  its 
own  frequency-sensitive  element? 

(c)  If  many  units  on  the  system  have 
Stepped  Droop  governors,  not  intended  to 
change  load  for  frequency  changes  within 
a given  band,  what  kind  of  frequency  fluc- 
tuations may  be  expected,  and  what  will 
be  the  load  swings  on  the  remaining  gover- 
nors which  are  frequency-sensitive? 

(d)  How  will  the  conventional  Tie  Line 
Bias  Control  behave  on  a system  having 
an  appreciable  proportion  of  Stepped  Droop 
governors  insensitive  to  frequency  in  one 
band  but  fully  sensitive  outside  that  band? 

The  writer’s  preliminary  analysis  of  these 
questions  leads  him  to  the  conclusion  that 
the  removal  or  limitation  of  the  governor's 
speed-sensitive  charaeteristic  is  a move  in 
the  wrong  rlirection.  Service  security  as 
well  as  service  quality  (frequency)  demand 
sensitive,  aceurate  and  quick-aeling  speed 
governors  responsive  to  frequency  changes 
small  or  large.  These  eharacleristics  are 
among  the  principal  ones  advanccil  in 
favour  of  electric  governors.  No  governor 
can  react  more  quickly  anil  reliably  to 
remote  control  than  it  can  react  to  its  own 
built-in  speed-sensing  elements  which 
measure  speed  at  the  generator  and  not  at 
some  remote  point  which  may  be  at  a 
dilferenl  frequency  during  emergencies.  Con- 
ventional l ie  I ine  Bias  control,  which  is 
predicated  upon  a relatively  constant  load- 
frequency  characteristic  of  the  system,  will 
not  be  able  to  match  a characteristic  which 
changes  drastically  at  the  break  points  of 
the  Stepped  Droop  cuive.  .System  frequency 
lluctuations  will  be  greatei.  and  huger  load 
swings  will  be  imposed  on  units  h.iving 
conventional  speed  dioop  goveinois.  If 
these  conclusions  ,ue  coiiect.  the  pioposal 
lequiies  le  thinking  in  the  light  of  the 
"Common  Welfaie"  phdosophy  so  piopeily 
commended  on  p.ige  It). 


/ />(/ 

( 1.  II.  1 )niui 

I question  Ml  long's  st.itcments.  m two 
sections,  tli.it  the  use  of  speed  deiiv.iiive 
sl.ibih/.ition  III  .in  elcctio  hvdiaiihc  goveinoi 


offers  an  advantage  over  temporary  speed 
droop  stabilization  because  the  fastest  pos- 
sible response  is  always  obtained  without 
any  change  in  the  stabilization  arrange- 
ment. Mathematical  studies  have  been  pre- 
sented in  many  technical  papers  which 
show  that  the  response  of  both  types  of 
governors  to  .system  frequency  changes 
can  be  represented  by  similar  equations. 
Th's  fact  was  established  as  early  as  1947 
in  the  following; 

“Drchzahlregelung  der  Was.serturbinen” 
by  T.  Stein 

Scbweiznrisflie  Hauzeitung 
1947 — Vol.  (>.5 — p.  .5.31 
A simiilified  mathematical  development, 
u.sing  certain  a.ssumiitions  generally  recog- 
nized as  being  valid,  give.s  the  following: 

For  the  temporary  .sjieed  drorjp  governoi' 
o'  J\0  1 -j-  ;S7'f 

- = -L (1) 

/ S \ + LSTi 

where  a — gate  iiosition  deviation 
(relative  value) 

/ = frequency  deviation 

(relative  value) 

Ko  = forward  amiilification  of 
governor 

(S'  = Lafilace  o])erator 

Ti  = tenifiorary  droop  time 
constant 
1 

L = 

1 -)-  Kobil  t 

where  bi  = temporary  (Irooj)  strength 
For  the  speed  derivative  governor 
cr  Kacc  1 -f-  SxTacc 

- = X (2) 

/ S 1 -|-  >S  7’ncc 
where  Kacc  = forward  am{)lification  of 
governor 

Tacc  = time  constant  of  derivative 
scheme 
X = 1 -F  d 

where  d is  the  .strength  of  the  .speed 
derivative  signal. 

Ijet  us  as.sume  that  Ti  and  5,  are  .set  .such 
that  the  following  relationships  are  ob- 
tained (as  Mr.  Long  [Hiints  out,  these 
values  ai'e  easily  adjusted  on  the  tem- 
porary s])eed  droop  governor): 

KoL  = Kacc 
TiL  = Tacc 
1 

- = X 

L 

The  two  equations  then  become  identical 
and  both  governors  would  have  exactly  the 
same  response  to  system  frequency  changes. 
It  is  obvious  that  if  I'i  and  5,  are  now 
changed  again  to  gi\e  a faster  response  for 
a fiequency  change  of  the  same  nature, 
there  must  be  a change  in  one  of  the 
parameteis  used  for  the  speed  deiiv.iiive 
goveinoi  if  it  is  to  have  an  equal  speed  of 
response. 

.Such  changes  aie  usu.illv  moie  ililliciilt 
to  m.ike  on  speed  deiiv.iiive  goveinois  th.in 
on  tempor.iiv  speed  dioop  goveinois  and 
must  often  be  accomp.inied  bv  a change 
of  the  rate  of  lesponse  of  the  seivomotois 
for  le.isons  that  will  be  explained  in  the 
tollow  ing. 

\\  Idle  the  n.itiiie  of  lesponsc  to  fiequencv 
ch.inges  of  both  loims  of  giwctnoi  is  vciv 
much  the  same,  the  mode  of  opetaiion  is. 
of  couise.  quite  dilTeieni.  I he  disii ibiiiing 
v.ilve  in  a speed  deiiv.mv,'  goveinoi  qincklv 
le.iches  ,1  laigei  displacenieiu  to  a given 
fiequency  ch.ingc  th.m  is  the  c.isc  w 'h  a 
lempoi.iiv  speed  dioop  governor  but  ih. 
seivomotor  used  in  conninciion  wnh  die 
foimer  must,  of  necessitv  h.  v.  ^ .^we- 
i.iie  of  mov.-ment  loilui  ‘,u-iois 
s.inu'i  .iiul.  in  . . i has  an  -t.  ( . — r 

I I'li/iiiu  II  • ; ■ s 
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(Continued  from  page  103) 

action  in  contrast  to  the  proportional  action 
of  the  servomotor  with  the  distributing 
valve  in  a temporary  speed  droop  governor. 
In  part  (c)  of  the  final  section  in  Mr. 
Long's  paper,  it  is  implied  that  for  both 
types  of  governors  the  distributing  valve  has 
a proportional  action  while  the  servomotor 
has  an  integral  action.  This  is  not  the  case, 
as  indicated  above,  hut  it  is  true  that  both 
governing  systems  have  an  integrating  stage 
as  well  as  a proportional  response  stage 
such  that  there  is  a proportional-integral 
action  for  both,  as  mentioned  in  the  paper, 
and  the  same  type  of  response  to  system 
frequency  changes  for  both. 

When  performing  output  adjustments  on 
a unit  under  load,  either  manually  or  by 
load  control  signals,  the  above-mentioned 
difference  in  servomotor  speed  would,  of 
course,  result  in  a slow  steady  change  on 
a speed  derivative  governor  in  comparison 
with  the  quick  initial  movement,  and  sub- 
sequent settling,  obtained  with  a temporary 
speed  droop  governor.  When  considering 
the  load-frequency  control  requirements 
outlined  by  Mr.  Long,  it  would  seem  that 
a governor  with  temporary  speed  droop 
stabilization,  with  its  faster  initial  response 
to  control  signals,  would  have  an  important 
advantage  over  a governor  with  speed  de- 
rivative stabilization. 

The  author  has  detailed  many  of  the 
advantages  of  electro-hydraulic  governors 
over  mechanical-hydraulic  governors.  Even 
when  considering  only  the  regulation  cap- 
abilities demanded  by  load-frequency  con- 
trol schemes,  one  could  add  to  his  im- 
pressive list  the  advantage  offered,  in  the 
use  of  ASEA  electro-hydraulic  governors 
at  least,  by  the  compensation  possibilities 
for  load-gate  curvature,  in  the  load  sensing 
circuitry,  such  that  the  output  response  for 
a control  signal  is  always  the  megawatt 
value  desired  regardless  of  gate  position. 
For  mechanical-hydraulic  governors,  con- 
trol signals  are  usually  applied  to  a motor 
drive  on  the  control  linkage  and  although 
a gate  position  switch,  or  switches,  can  be 
used  to  alter  the  motor  speed  as  the  output 
response  per  unit  of  gate  travel  changes, 
this  system  can  never  provide  response  to 
signals,  over  the  complete  range  of  gate 
travel,  that  is  satisfactorily  uniform.  Other 
difficulties  in  obtaining  proportionality  of 
response  to  control  signals  when  using  a 
motor  actuated  control  linkage,  arise  from 
the  unavoidable  start-up  time,  overtravel, 
etc.  When  using  electro-hydraulic  governors 
the  control  signals  can,  of  course,  he  intro- 
duced directly  into  the  control  circuits. 

In  connection  with  the  joint  control  fea- 
ture of  electro-hydraulic  governor  circuitry, 
other  points  of  interest,  not  mentioned  by 
Mr.  Long,  include  the  following: 

a)  should  one  of  the  units  under  joint 
control  be  lost  or  reject  load  for  any 
reason,  the  other  units  will  automatically 
increase  their  outputs  in  an  attempt  to 
restore  the  station  output  to  the  set  value 
and  will,  therefore,  minimize  the  system 
disturhance. 

b)  if  the  generating  units  to  be  operated 
under  joint  control  are  not  all  of  the  same 
type,  the  load  division  scheme  can  be  ad- 
justed to  ensure  that  this  combination  of 
units  will  always  operate  at  the  highest 
efficiency  possible  for  the  instantaneous 
value  of  output.  This  predetermined  dis- 
tribution of  loading  for  efficiency  purposes 
is  maintained  even  for  isochronous  opera- 
tion of  one  or  all  of  the  units. 

While  Mr.  Long  has  stated  that  the  ver- 
satility of  the  electro-hydraulic  governor 
can  be  of  particular  advantage  in  individual 
power  systems  where  proper  co-ordination 
of  operating  characteristics  of  various  units 


and  stations  can  eliminate  the  need  for  any 
auxiliary  load-frequency  control  equipment, 
I might  mention  that  the  versatility  advant- 
age extends  into  Helds  other  than  load-fre- 
quency control  of  systems.  Since  electrical 
control  signals  can  be  applied  directly  to 
the  control  circuitry  without  the  use  of 
intermediate  electrical-mechanical  devices,  it 
is  quite  simple  to  arrange  governor  response 
to  any  variable  that  can  be  represented  by 
an  electrical  signal.  One  example  of  such 
variables  would  be  forebay  water  level. 
Direct  proportional  response  or  response 
biased  by  other  regulation  requirements  can 
be  used. 

The  author  has  indicated  that  the  initial 
amplification  stage  in  electro-hydraulic 
governors  is  usually  in  the  form  of  mag- 
netic amplifiers.  While  several  of  the  manu- 
facturers who  have  just  recently  developed 
and  introduced  such  units,  are  using  mag- 
netic amplifiers,  I believe  that  the  great 
majority  of  electro-hydraulic  governors  that 
are  presently  in  use  have  electronic  pre- 
amplifiers. The  author’s  recommendation 
for  widespread  adoption  of  electro-hydraulic 
governors  is  undoubtedly  based  upon 
operating  experience  with  electronic  pre- 
amplifier governors  which  has  been  reported 
to  be  entirely  satisfactory  in  every  respect. 

It  is,  of  course,  desirable  to  adopt  solid 
state  techniques  as  the  author  suggests, 
where  such  equipment  has  definite  advant- 
ages over  the  equipment  that  has  been  used 
in  the  past.  In  many  cases,  however,  in- 
vestigations have  proven  that  no  advantage 
is  to  be  gained,  and  difficulties  can  arise 
if  these  techniques  are  prematurely  adopted 
for  certain  items. 

The  author’s  recommendation  that  a dis- 
continuous stepped  permanent  speed  droop 
characteristic  be  instituted  as  a special  fea- 
ture of  electro-hydraulic  governors  that  are 
to  respond  to  automatic  load-frequency 
control,  ignores  the  fact  that  at  least  one 
type  of  electro-hydraulic  governor,  the 
ASEA  governor  that  has  been  in  service 
for  17  years,  has  a master  permanent  speed 
droop  control  for  all  units  under  joint  con- 
trol. Thus,  the  unit  and  station  frequency 
bias  can  be  set  to  a value  that  will  eliminate 
any  interaction  between  governors  and  the 
load-frequency  control  equipment  and,  in 
this  way,  the  need  for  the  special  charac- 
teristic (which  has  some  undesirable  fea- 
tures) is  avoided. 


Discussion  ])tj 
C.  L.  Avery 

This  discussion  is  concerned  with  certain 
portions  of  the  paper  which  discuss  turbine 
governors  and  their  operation. 

While  they  are  used  on  some  types  of 
governors  (diesel,  aircraft,  etc.)  it  is  not 
standard  practice  to  use  non-linear  speeder 
springs  on  hydraulic  turbine  governors.  The 
range  of  speed  control  is  so  limited,  that 
a linear  load-deflection  spring  characteristic 
matches  the  centrifugal  force  characteristic 
with  sufficient  accuracy. 

Provided  that  optimum  compensation  set- 
tings were  used,  hunting,  strictly  speaking, 
would  not  occur  between  two  units  operat- 
ing isochronously.  There  would,  however, 
be  a transfer  of  load  between  units  which 
would  cause  one  or  the  other  to  carry  more 
than  its  share  of  the  load  changes  and  nul- 
lify the  effectiveness  of  the  control. 

We  would  question  that  even  on  slow  or 
gradual  load  and  frequency  changes,  ex- 
cept in  the  case  of  thermal  units,  the  self- 
regulation and  permanent  speed  droop  are 
adequate  for  stability.  A reduction  in  com- 
pensation can  be  made  by  virtue  of  the 
self-regulation  of  a comparatively  large  and 


well  diversified  connected  system.  However, 
if  all  compensation  except  permanent  speed 
droop  were  nullified  on  all  the  generating 
units,  a predominantly  hydro  system  would 
become  unstable. 

It  is  well  to  consider  the  reason  behind 
use  of  the  dashpot  by-pass  which  is  one 
means  of  nullifying  the  effect  of  compensa- 
tion. The  dashpot  by-pass  is  used  for  the 
sole  purpose  of  improving  the  response  of 
the  governor  to  external  adjustment.  Its 
use  has  a detrimental  effect  on  system 
stability.  Incipient  system  instability  de- 
velops when  too  many  units  on  a system 
are  operated  with  open  dashpot  by-passes. 
Lately,  therefore,  it  has  been  recommended 
that  only  the  units  which  are  under 
active  automatic  load-frequency  control  be 
operated  with  the  by-passes  open  and  that 
the  base  load  plants  operate  with  normal 
compensation  at  some  sacrifice  of  ease  of 
control. 

In  the  case  where  the  automatically  con- 
trolled plant  represents  a large  portion  of 
the  generating  capacity,  it  may  not  be  pos- 
sible to  reduce  compensation  at  all  when 
on  the  line,  and  a satisfactory  adjustment 
of  the  controller  for  a slower  acting  gover- 
nor must  then  be  made. 

The  sources  of  inaccuracy  of  the  govern- 
ing system  lie  chiefly  in  hydraulic  and  tur- 
bine control  mechanisms.  Since  these  same 
elements  are  used  in  both  the  electric  and 
the  mechanical  types,  the  initial  accuracy 
of  the  governing  system  is  substantially  the 
same  for  either  type  of  machine.  It  is  pos- 
sible that  the  electric  governor  will  main- 
tain this  degree  of  accuracy  for  a longer 
period. 

The  time  lags  in  modern  hydraulic 
governors  have  been  reduced  to  minimum 
values.  The  principal  time  lags  encountered 
are  those  required  for  stability  of  operation 
which  must,  after  all,  be  tolerated. 

The  principal  advantage  of  the  electric 
governor  is  its  acceptance  of  a continuous 
control  signal  (as  for  fringe  load  control). 
The  application  of  the  speed-setting  trans- 
ducer to  new  and  existing  mechanical 
governors  makes  them  equivalent  to  the 
electric  governor  in  this  respect.  The  speed 
adjusting  transducer  also  provides  means 
for  applying  joint  load  control  to  mechani- 
cal governors.  During  the  past  three  years, 
some  60  of  these  devices  have  been  furnished 
or  are  on  order  for  various  North  American 
installations. 

With  either  an  electric  or  mechanical 
governor  with  speed-setting  transducer 
operating  on  fast  or  fringe  load  control, 
greater  activity  of  the  governing  system 
and  turbine  gate  is  to  be  expected.  The 
turbine  control  mechanism  and  the  gover- 
nor oil  supply  system  should  be  designed 
for  this  condition.  Ample  oil  pump  and  oil 
tank  capacity  are  required,  and  automatic 
lubrication  of  the  gates  is  usually  indicated. 


Discussion  hij 
J.  M.  Logan 

Interconnections  between  power  systems 
will  continue  to  increase.  The  author  points 
out  that  coast  to  coast  and  continent-wide 
interconnections  will  be  realized  very  soon. 
This,  we  feel,  is  a very  accurate  statement 
of  fact. 

As  each  new  tie  is  closed,  one  becomes 
aware  that  a new,  more  challenging,  per- 
haps more  difficult  engineering  problem 
emerges.  The  use  of  computers  will  result 
in  greater  economy  in  the  operation  of 
interconnected  systems.  The  computer  will 
insert  its  own  characteristics  into  each 
system  being  installed. 

(Continued  on  page  110) 
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Northern  Electric  offers  a line  of  hermetically  sealed 
doubled  diffused  silicon  planar  transistors,  suitable  for 
general  purpose  medium  power  applications.  All  devices 
are  encapsulated  in  the  TO-5  package.  Each  unit  is 
leak  tested  to  ensure  a vacuum  tight  seal  and  is  sta- 
bilized before  testing  by  temperature  storage  at  300°C 
for  100  hours  and  by  three  tem- 
perature cycles  from  — 65°C  to  200°C. 
These  transistors  are  designed  to  meet 
the  requirements  of  MIL-S-19500B. 


TYPE 

2N560 


2N1051 


2N1613 


2N18g3 


2N2104 


2N2105 


DESCRIPTION 


Double  diffused  silicon-NPN  Planar 
Transistor  with  low  collector  capacitance. 

Double  diffused  silicon-NPN  Planar 
Transistor  with  low  collector  capacitance. 

Double  diffused  silicon-NPN  Planar 
Transistor  with  10  m^A  maximum 
leakage  current. 

Double  diffused  silicon-NPN  Planar 
Transistor  with  10  mu  A maximum 
leakage  current  and  120  V minimum 
collector  break  down  voltage. 

Double  diffused  silicon-PNP  Planar 
Transistor  with  low  leakage  current  and 
50  volt  minimum  collector  breakdown 
voltage. 

Double  diffused  silicon-PNP  Planar 
Transistor  with  low  leakage  current  and 
50  volt  minimum  collector  breakdown 
voltage.  Higher  speed  version  of  2N2104 
Transistor. 


APPLICATION 

High  speed  switching  and  low 
power  amplification. 

High  gain,  high  frequency  low 
power  amplification. 

Medium  power  amplification, 
saturated  switching. 


Medium  power  amplification, 
saturated  switching. 


Saturated  and  unsaturated 
switching  and  complementary  ap- 
plications with  2NT6T3  NPN 
Transistor. 

Saturated  and  unsaturated 
switching  and  complementary  ap- 
plications with  2N1613  NPN 
T ransistor. 


2N2216 


Very  high  voltage  PNP  double  dijfused 
silicon  planar  transistor  with  150  volt 
minimum  collector  breakdown  voltage. 


High  voltage,  high  speed  switch- 
ing and  amplification. 


'I'h(‘  ('xp(‘ri(Mice  of  the  NoiiluMii  Electric  (’ompany  lamitcd.  (kmada’s  leading  ctmi- 
nnmications  ctpiipiiKMit.  mainirachirtM'.  a.‘<surcs  you  of  th(‘  liighc.'^t  (juality.  W’l'  will  be 
plcas(>(l  to  furnish  dclaiU'd  data  on  (Ik'sc  or 
ollii'r  coinpoiK'nts  to  mt'ct.  your  spccitic  nciuls. 

COMPANY  LI*-'  TED 


UorthQrn  Electric 


IE  engineering  journal  P(J  march,  1962 


109 


(Continued  from  page  108) 

A basic,  present  day,  I'.nderstanding  is 
necessary  before  one  can  build  the  future. 
In  this  excellent  paper  one  can  find  what 
makes  up  our  present  day  understanding  of 
the  nature  of  the  load  control  problems  of 
interconnected  power  systems. 


Author’s  Reply 

The  author  feels  deeply  indebted  to  the 
number  of  discussers  who  have  given  so 
much  of  their  time,  effort  and  talent  in 
preparing  such  cogent  remarks  in  their 
discussions,  which  have  enhanced  and  con- 
tributed significantly  to  the  value  of  this 
paper.  The  subject  matter  is  rather  complex 
and  covers  a very  wide  scope  embracing 
several  specialized  fields  in  which  the  author 
is  associated.  It  is  impossible  to  cover  ex- 
haustively all  areas  in  these  fields  due  to 
the  limitation  set  for  the  length  of  paper. 
The  discussions  presented  serve  extremely 
well  in  supplementing  and  elaborating  on 
many  aspects  of  the  paper.  Certain  points 
raised  by  several  discussers  will  be  com- 
mented on  only  once  in  the  order  in  which 
they  initially  arise.  On  the  other  hand, 
some  comments  made  by  one  discusser  are 
complemented,  supported  or  contradicted 
by  those  made  by  others;  these  comments 
are  left  to  the  reader  to  ponder, 

Nathan  Cohn: 

The  favorable  comments  by  Mr.  Cohn, 
who  is  an  eminent  authority  on  the  subject 
of  generation  control  of  power  systems, 
are  indeed  very  heartening.  He  has 
elaborated  and  emphasized  three  important 
areas  of  the  paper  to  bring  into  clearer 
focus  the  problems  associated  with  power 
systems  regulation.  For  deeper  insight  into 
the  matter  of  generation  control,  it  is 
recommended  that  Mr.  Cohn’s  many  papers 
be  read. 

N.  P.  Percival; 

The  need  to  distinguish  between  the 
instability  of  the  power  system  and  that 
of  the  control  system  has  been  very  appro- 
priately brought  out  by  Mr.  Percival.  He 
has  also  pointed  out  various  considerations 
infiuencing  the  stability  of  the  control  sys- 
tem. The  comments  on  his  experience  of 
gain  adjustment  of  the  telemeter  channel  or 
the  governor  merit  particular  attention  and 
study.  Mr.  Percival’s  reference  to  the  com- 
bination of  gate  dashpot  effect  with  ac- 
celerometer effect  to  improve  response  and 
stability  of  the  governor  is  a worthy  con- 
sideration which  the  author  has  raised  in 
discussions  with  others  in  the  governor 
field,  especially  in  connection  with  load- 
frequency  control  of  interconnected  power 
systems. 

L.  M.  Hovey: 

The  author  has  generalized  in  a number 
of  statements  made  throughout  the  paper. 
This  applies  to  the  statement  that  the  effects 
of  self-regulation  and  permanent  speed 
droop  are  usually  adequate  for  steady  state 
stabilization  which  may  apply  to  prime 
movers  in  general.  Mr.  Hovey’s  qualifying 
statements  in  this  regard  as  applied  to  pre- 
dominantly hydro  systems  are  well  taken. 

The  caution  which  Mr.  Hovey  urges  with 
respect  to  the  reduction  of  secondary  com- 
pensation by  opening  the  dashpot  by-passes 
on  mechanical  governors  deserves  consider- 
able attention.  The  policy  adopted  by  Mr. 
Hovey’s  organization  of  reducing  the 
secondary  compensation  for  only  those 
machines  under  load-frequency  control  is 
certainly  a logical  approach  towards  attain- 


ing system  stability.  Even  for  such  a policy, 
it  is  well  to  exercise  some  of  this  caution 
urged  by  Mr.  Hoveys,  as  indiscriminate 
reduction  of  secondary  compensation  for 
these  machines  would  result  in  their  inter- 
action with  the  load-frequency  control. 
Moreover,  such  a policy  may  not  be  too 
practical  for  power  systems  without  proper 
facilities  provided  for  their  governors.  For 
instance,  on  power  systems  where  the  load- 
frequency  control  duties  are  transferred 
from  station  to  station  as  determined  by 
system  operating  conditions,  and  where  the 
mechanical  governors  are  not  provided  with 
solenoid  operated  auxiliary  by-passes,  this 
policy  would  burden  the  powerhouse 
operators  with  additional  duties  to  put  into 
or  take  out  of  service,  accordingly,  the 
mechanical  by-passes  on  the  affected  units. 
This  procedure  is  extremely  cumbersome 
and  normally  is  not  the  responsibility  of 
the  operators.  Furthermore,  such  a policy 
imposes  upon  the  stations  not  under  load- 
frequency  control  with  sluggishly  respond- 
ing governors;  these  stations  are  still  sub- 
ject to  changing  their  output  from  time  to 
time  as  instructed  from  the  system  office. 

Other  than  the  installation  of  electric 
governors  throughout  the  system,  the 
author  contends  that  the  most  satisfactory 
arrangement  would  be  a compromise  setting 
of  the  by-pass  openings  to  provide  reason- 
ably good  response  of  the  on-load  units 
consistent  with  good  stability  of  the  system. 
This  arrangement  would  require  the  close 
collaboration  of  the  utility’s  governor  and 
load-frequency  control  personnel  in  co- 
ordinating and  tuning  the  governor  adjust- 
ments with  that  of  the  load-frequency  con- 
trol from  time  to  time  under  a well  planned, 
regularly  scheduled,  test  and  maintenance 
program. 

Mr.  Hovey’s  comments  on  the  effect  of 
water  inertia,  with  the  example  given,  serve 
to  illustrate  exceptions  to  the  generalized 
statement  made  by  the  author. 

Due  to  space  restrictions,  the  complete 
explanation  of  the  denotations  shown  in 
Fig.  4 was  not  given,  as  it  was  assumed 
that  those  familiar  with  the  expression 
knew  that  full  rated  head,  load,  and  velocity 
at  rated  speed  were  involved,  and  that 
those  unfamiliar  would  become  acquainted 
with  these  terms  by  referring  to  appropriate 
sources.  If  other  readers  misinterpret  the 
author’s  meaning  as  outlined  by  Mr.  Hovey, 
this  point  should  be  clarified  by  his  re- 
marks. 

The  author  is  aware  of  Mr.  Hovey’s 
finer  distinction  in  the  use  of  gate  position, 
rather  than  load,  for  the  definition  of  speed 
droop,  as  evidenced  by  the  definition  given 
in  the  paper.  In  a paper  restricted  to  a 
rigorous  development  related  to  turbine 
governors  only,  such  accuracy  would  be 
appropriate.  Again,  due  to  space  restric- 
tions, it  was  expedient  for  the  author  to 
resort  to  the  use  of  Fig.  4 to  illustrate  an 
important  point  regarding  the  interaction 
between  the  governors  and  the  load-fre- 
quency control. 

The  range  being  provided  for  the  load 
control  zone  of  the  stepped  permanent 
droop  characteristic  of  the  large  hydro- 
electric generation  station  referred  to  in 
the  paper  is  from  zero  to  ± 0.5  cps,  that  is, 
a bandwidth  from  zero  to  1 cps. 

C.  Kent  Duff: 

The  initial  portion  of  Mr.  Duff’s  discus- 
sion relating  his  experience  and  views  is 
very  informative.  The  remainder  of  his  dis- 
cussion, however,  deals  primarily  with  cer- 
tain aspects  of  turbine  speed  governors 
and  are,  in  the  author’s  opinion,  inconse- 
quential to  the  understanding  of  the  overall 
step-by-step  development  of  the  paper. 

With  reference  to  the  performance  ol 


two  or  more  units  on  isochronous  governor 
operation  (or  of  two  or  more  stations  — 
or  systems  — on  flat  frequency  control) 
the  load  transfer  from  the  units  having 
the  lower  speed  settings  to  those  having 
the  higher  speed  settings  would  not  merely 
drift,  but  would  be  transferred  as  quickly 
as  the  various  equipment  and  system  con-  [ 
ditions  would  permit.  If  the  speed  settings  1 
of  the  units  were  exactly  coincidental,  how-  i 
ever,  a resonant  condition  would  exist  and  ' 
the  inevitable  result,  as  with  any  resonant  ' 
condition,  would  be  oscillation  or  hunting 
among  the  units.  This  is  the  condition  re- 
ferred to  in  the  text  of  the  paper. 

With  regard  to  the  interaction  of  inter- 
connected power  systems  on  tie  line  bias 
control,  this  difficulty  is  experienced  on 
several  power  pools  both  on  this  continent 
as  well  as  in  Europe.  Perhaps  a simple 
mechanical  analogy  would  more  clearly 
elucidate  the  basic  concept  of  the  inter- 
action which  will  result  from  interconnected  I 
power  systems  having  different  speeds  of 
response.  Visualize  two  transport  trucks  j 
interconnected  by  a tie  line  consisting  of  a [ 
heavy  spring  with  the  tension  and  speed  to  , 
be  maintained  at  specified  values.  These 
values  would  be  indicated  instantaneously  j 
to  each  driver  by  appropriate  gauges  and  • 
speedometers.  Assume  that  the  load  on  ; 
either  vehicle  is  varied  by  the  application  | 
and  releasing  of  brakes  independently  con- 
trolled from  the  drivers.  If  load  is  suddenly 
applied  on  only  one  vehicle,  momentary  \ 
assistance  would  be  given  by  the  other  ’ 
vehicle  while  the  speed  and  tension  common 
to  both  vehicles  would  be  affected  accord- 
ingly. To  bring  the  speed  and  tension  back 
to  their  specified  values,  the  driver  of  the  ' 
vehicle  with  the  applied  load  will  strive  to  1 
increase  its  output  as  soon  as  possible,  while 
the  driver  of  the  other  vehicle  will  strive 
to  decrease  its  output  to  maintain  the  speci- 
fied tension,  tempered  by  a slight  tendency 
to  increase  its  output  to  maintain  the  speci- 
fied speed.  If  the  speed  of  response  of  both 
drivers  are  not  co-ordinated  in  their  efforts, 
with  one  driver  having  a fast  response  while  , 
the  other  driver  has  a slow  response,  the  j 
result  will  be  wide  swings  in  the  common  j 
spring  tension  from  the  specified  value  in  [ 
a manner  similar  to  that  shown  in  Fig.  10  ' 
with  the  swings  eventually  becoming  quies-  ; 
cent  at  the  specified  tension.  The  variation 
in  the  common  speed  would  behave  in  a j 
corresponding  manner  but  would  be  less  j 
striking.  If  the  analogy  is  compounded  by  \ 
continuous  load  changes,  the  interaction  | 
would  be  perpetuated  indefinitely.  If  the  1 
analogy  is  compounded  still  further  by  in- 
terconnecting additional  transport  trucks  in  I 
tandem,  polygon,  or  star,  each  with  its 
own  continuous  load  changes  and  each 
driver  with  his  own  speed  of  response,  the  f 
situation  then  becomes  extremely  difficult  jl 
and  complex.  Under  these  conditions,  it 
would  be  impossible  to  maintain  the  com-  L 
plex  interconnection  for  any  length  of  time,  i 
and  the  ultimate  result  would  be  a sépara-  || 
tion  of  the  interconnection  into  simple  j| 
isolated  interconnections.  | 

While  Mr.  Duff  regards  the  proposal  of 
the  stepped  permanent  speed  droop  charac-  J 
teristic  as  being  a radical  doctrine,  there  j 
is  evidence  that  this  proposal  has  been  in-  j 
dependently  arrived  at,  advocated,  and  put  ^ 
into  operation  by  others  in  certain  Euro-  j 
pean  countries.  (Reference:  Discussion  by  ; 
Mr.  Raeber  in  “Bulletin”,  paper  of  the  ; 
Swiss  Electrical  Society,  April  22,  1561  'j 


issue). 

For  individual  isolated  power  systems,  ] 
the  frequency  is  the  only  criterion  required  I 
to  gauge  the  quality  and  status  of  genera-  j 
tion  regulation.  For  tie  line  bias  control  of  ji 


(Continued  on  page  112) 


THE  ENGINEERING  JOURNAL  MARCH,  1962 


110 


r 


MORRISON’S 

the  name  for 

GAUGES . . . 


MORRISON 


PRESSURE 


VACUUM 


Since  1864,  Canada’s  most  dependable  gauge  maker . . . 
manufacturing  every  type  of  gauge,  for  every  known 
application. 

NEW  EQUIPMENT  GIVES  FAST,  FAST  SERVICE! 

We  have  now  installed  the  most  modern  precision 
equipment  yet  introduced.  This  permits  us  to  manu- 
facture a]i  gauges  in  Canada  . . . and  give  better-than- 
ever  faster-than-ever,  gauge  deliveries. 

“Call  Morrison  Brass!’’ ..  .whenever  you  need  fast,  de- 
pendable, same-day  delivery  or  repair  service  on  gauges 


ALTITUDE 


OXYGEN 


COMPOUND 


Buy  Morrison  Canadian-made  Gauges 


HYDRAULIC 


SPRINKLER 


DUPLEÎ 


LOCOMOTIVI 


COMBINATION 


ILLUMINATED 
< DIAL 


Phone  or  write  for  our  complete  eclogue 


ELECTRl 


INSPECTOR’S  Tf  ST 


Diitribvtart  ham  Cooit  to  Coat 


niE 

jflmEs 


King  St.  Wci^  Toronto 


IjE  ENGINEERING  JOURNAL  MARCH,  1962 

I 


(Continued  from  page  110) 

interconnected  power  systems,  frequency  is 
only  one  of  two  variables  that  must  be 
maintained  closely  to  prescribed  values.  As 
relatively  constant  frequency  is  an  inherent 
product  of  large  power  pool  operation, 
which  “conventional  tie  line  bias  control  is 
predicated  upon”,  it  is  evident  that  the 
power  transfers  over  the  tie  lines  are  at 
least  equally  as  important  as  the  system 
frequency  for  interconnected  power  systems 
operation.  Hence,  to  reduce  the  interaction 
of  one  control  entity  with  the  other,  the 
entity  with  less  intelligence  should  be  made 
subservient  to  the  other.  While  the  speed 
governor  has  only  the  intelligence  of  receiv- 
ing the  value  of  the  actual  speed  and  com- 
paring it  with  a speed  reference  to  detect 
the  error  and  moving  the  wicket  gates  ac- 
cordingly, the  tie  line  bias  controller  re- 
ceives a host  of  information,  including  the 
prime  requisites  of  system  speed  and  tie 
line  flow,  with  which  to  compute  and  dis- 
patch automatically  the  proper  control  sig- 
nals to  regulate  the  generation  desired  for 
the  power  system;  consequently,  the  con- 
troller would  be  in  a much  more  favourable 
position  to  be  co-ordinated  in  its  action  with 
that  of  the  central  controllers  of  other 
participating  power  systems  than  the  in- 
dividual speed  governors  for  the  common 
welfare  of  the  interconnection.  Mr.  Cohn’s 
discussion  elaborates  more  fully  on  the 
many  considerations  of  multiple-area  inter- 
connections. Therefore,  the  desirable  quali- 
ties of  sensitivity,  accuracy,  and  quick 
action  of  electric  governors  should  not  be 
confined  to  speed  reference  only,  but  should 
also  apply  to  load  reference,  especially  for 
tie  line  bias  control  operation. 

The  situation  of  different  frequencies  dur- 
ing emergencies  on  a power  system  can 
only  occur  in  the  event  of  the  separation 
of  the  system  into  localized  areas.  Proper 


system  planning  of  the  centralized  auto- 
matic load-frequency  control  should  pro- 
vide adequate  protection  facilities  for  such 
emergencies  which  will  trip-free  each  in- 
dividual governor  to  function  in  accord- 
ance with  its  individual  conventional  speed 
droop  characteristic  while  simultaneously 
locking  out  the  control  system.  This  ar- 
rangement would  thus  prevent  the  situa- 
tion from  being  aggravated  by  the  undesir- 
able continued  functioning  of  the  control 
system. 

The  conventional  tie  line  bias  control 
would  not  have  any  more  difficulty  “to 
match  a characteristic  which  changes  dras- 
tically at  the  break  points  of  the  Stepped 
Droop  curve”  than  it  would  have  with  the 
conventional  speed  droop  curve  with  dead 
band  (Fig.  11).  In  both  cases,  as  the  fre- 
quency moves  beyond  the  respective  band- 
width, the  governor  will  function  to  ac- 
tuate the  wicket  gates  in  the  appropriate 
direction  and  the  gates  will  assume  a 
position  in  accordance  with  the  droop 
characteristic.  The  main  difference  would 
be  that,  with  the  frequency  staying  within 
the  bandwidth,  the  governor  with  the  con- 
ventional speed  droop  dead  band  would 
allow  the  wicket  gate  position  to  drift  from 
one  extremity  to  the  other  within  the  cross 
hatched  area  in  Fig.  11,  while  the  governor 
with  the  stepped  droop  characteristic  would 
not  be  allowed  to  drift  but  would  follow 
the  external  load  control  setting  diligently 
and  precisely.  The  author,  therefore,  dis- 
agrees with  the  conclusions  that  greater 
system  frequency  fluctuations  and  larger 
load  swings  can  be  expected  as  a result  of 
the  application  of  the  stepped  droop  charac- 
teristic to  stations  under  tie  line  bias  con- 
trol. 

G.  H.  Dunn: 

While  Mr.  Dunn’s  reference  to  the 
studies  by  T.  Stein  — showing  the  response 


to  system  frequency  changes  of  the  speed 
derivative  and  temporary  droop  governors 
to  be  very  much  the  same  — is  very  in- 
teresting, the  mathematical  development 
presented  is  irrelevant  to  the  response  of 
these  governors  to  external  adjustments.  It 
should  be  pointed  out,  moreover,  that  the 
author  had  no  intention  of  showing  prefer- 
ence for  one  over  the  other,  but  merely 
wished  to  outline  the  two  methods  of 
stabilization  of  governors. 

With  regard  to  the  issue  as  to  the  se- 
quence of  proportional  or  integral  action 
of  the  distributing  valve  versus  the  servo- 
motor for  either  the  derivative  or  temporary 
droop  governors,  the  order  as  to  which 
action  precedes  the  other  hardly  matters  in 
the  general  development  of  the  paper  in 
relating  these  two  types  of  action  as  being 
desirable  qualities  for  both  the  governor 
and  load-frequency  control.  Perhaps  the 
author  should  have  placed  more  emphasis 
on  the  suggestion  that  the  derivative  of 
area  requirement,  or  the  measure  of  the 
rate  of  change  of  area  requirement,  be 
incorporated  as  an  automatic  means  of 
regulating  for  the  optimum  dynamic  re- 
sponse of  the  centralized  automatic  load- 
frequency  control  system.  This  quality  was 
inadvertently  introduced  as  a by-product 
of  a modification  made  on  the  control  sys- 
tem which  the  author  is  associated  with 
and  it  was  found  to  improve  the  perform- 
ance of  the  control  system  considerably. 

The  finer  details  of  electro-hydraulic 
governors  outlined  by  Mr.  Dunn  as  ad- 
ditional advantages  are  appreciated. 

As  to  the  relative  number  of  electric 
governors  with  magnetic  amplifiers  versus 
electronic  amplifiers,  to  the  author’s 
knowledge  there  are  more  manufacturers 
utilizing  the  former  than  the  latter  in  recent 
designs.  The  author  had  no  intention  of 
showing  favoritism  for  one  over  the  other 
but  merely  wished  to  outline  the  two  types 
available. 

The  feature  of  the  master  permanent 
speed  droop  setter  was  not  ignored  but 
was  stated  as  one  of  the  features  of  joint 
control.  While  this  feature  is  convenient, 
its  use  will  not  eliminate  the  interaction 
between  the  load-frequency  control  and 
the  governors.  It  is  the  load-frequency  con- 
trol that  must  be  biased  by  the  correct 
degree  of  frequency  error  or  the  use  of  a 
strictly  load  sensing  governor  if  interaction 
is  to  be  eliminated. 


I 

I 

I 


I 


I' 


I 


C.  L.  Avery:  j 

The  qualifying  statements  made  by  Mr.  ,i 
Avery  on  non-linear  speeder  springs;  op- 
timum  compensation  settings  as  a provision  i 
to  prevent  hunting  of  isochronous  units;  [ 
relative  influence  of  self-regulation  with  j 
permanent  speed  droop  for  thermal  and 
hydro  systems;  relative  accuracy  of  electric  ' 
versus  mechanical  governors;  the  speed-  j 
setting  transducer  for  mechanical  governors;  ii 
and  further  considerations  of  importance  to  f* 
the  governing  system  operating  on  fringe  j 
control,  are  much  appreciated.  As  Mr.  jj 
Avery  is  a distinguished  authority  in  the  Ï 
governor  field  with  an  impressive  record  r 
of  practical  experience,  his  comments  are  j 
considered  a valuable  contribution  to  the  j 
paper.  | 

J.  M.  Logan:  j 

The  author  has  had  the  pleasure  of  ■ 
working  closely  with  Mr.  Logan  in  the 
specification,  installation,  trouble  shooting  r 
and  final  commissioning  of  the  centralized  i 
automatic  load-frequency  control  system  of  ( 
the  power  network  with  which  the  author  j, 
is  associated.  Mr.  Logan’s  comments  are  [i 
much  appreciated.  j: 

^ ij 
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THEBMOVOLT  LIMITED,  has  an- 
Douriced  the  acquisition  of  Transformer 
Electronics  Limited,  a Toronto  firm 
producing  military  specialty  transform- 
i;rs,  magnetic  amplifiers  and  relays.  The 
company  also  announced  that  it  had 
added  7000  square  feet  to  its  facilities. 

JfIRECTORS  of  the  1962  Seattle  World’s 
Fair  opening  April  21,  have  announced 
that  International  Business  Machines  will 
soon  begin  construction  of  a display 
pavilion.  The  display  will  be  called 
“New  Paths  to  Knowledge”,  and  will 
show  in  non-technical  terms  how  the 
modern  tools  of  computers  are  used  to 
build  new  and  wider  paths  to  greater 
knowledge. 

CONSTRUCTION  has  started  on  the 
1,000  foot  long  overpass  in  the  city  of 
Medicine  Hat,  Alta,  to  grade  separate 
on  of  the  City’s  main  thoroughfares. 
Allowance  Ave.,  with  the  mainline  of  the 
Canadian  Pacific  Railway  Company.  The 
overpass  features  prestressed  concrete 
design  with  girders  from  90  to  100  feet 
in  length.  Continuity  over  the  piers  has 
l)(,-en  introduced  by  means  of  specially 
d(.•signed  reinforcing  steel  deck  slab. 

rHE  TRIMPOT  DIVISION  of  Bourns 
Incorporated  has  announced  the  avail- 
ability of  the  Model  .3368,  a subminia- 
ture single  turn  rotary  potentiometer  de- 
signed for  use  in  printed  circuits  and 
other  modular  type  applications  where 
extreme  angtdar  resolution  is  not  re- 
quired. 

A IT.AS'riC  scaling  machine  developed 
lor  high-speed  sealing  of  blister  pack- 
ages will  be  marketed  by  United  National 
Sales  Organization.  The  Clear-Pak  Jr., 
is  a low-cost,  power  oi)erated  machine 
I hat  is  capable  of  making  one  seal  (wery 
lliree  seconds. 

CAPI'I'AL  CON'i’ROLS  has  annonnccal 
1 (Inal  gas  chlorinator,  which  handles  all 
I Inal  installations  from  one  chlorinator. 
jl're  and.i)ost  chlorination  at  any  two 
points  ol  application  once  handled  by 
Iwo  units  or  costly  solution  panels  can 
now  he  handled  I)y  on<!  unit  mounted 
liieclly  on  the  one  gas  cylinder. 

liANADIAN  KODAK  has  introduced  a 
ie\S'  industrial  x-ray  lilm.  Tlu?  emulsion 
s an  improved  Kodak  Industrial  .\-ray 
ihn,  I'ype  I'',  whose  speed  has  been  in- 
reased  by  30  to  .'ll)'/..  Designed  lor  use 
xilh  industrial  lluoreseent  sereens,  the 
inpios'ed  lilm  is  specially  adapted  to 
iidusliial  radiograiihie  exposures  where 
jhe  ihiekness  ol  the  specimen  slightly 
j'xeeeils  the  capacity  ol  radiographic 
qnipmeni  to  make  direct  or  lead  sereeu 
sposmes.  Other  advantages  ol  the  Him 
ue  its  hii'Jier  eonlrast.  and  the  hut  ih.il 
I can  be  processed  b\'  the  Kodak 
k'tim.il  .System,  which  delivers  luilv 
iioeessed  and  (hied  ladiogl.iphs  in  .1 
n.illei  ol  minutes. 

{(Umtinind  (in  /mge  I KH 


Hopkinson-Ferranti  parallel-slide  gate  valves  on  feed 
line  at  Saskatchewan  Power  Corporation's 
A.L.  Cole  Generoting  Stotion,  Saskatoon. 


GATE  VALVES 


ON  THROTTLING  SERVICE? 


...ROUTINE  for  Hopkinsons’  "Parallel-Slide”  Valves 

1 

Recommended  for  all  stop  valve  applications  and,  also,  as  sen- 
sitive, accurate  and  reliable  regulating  valves,  Hopkinson-Perranti 
valves  are  being  supplied  in  quantity  for  every  major  thermal  power 
generating  station  currently  under  construction  in  Canada. 

The  self-adjusting,  self-cleaning  slide  action  of  this  valve  assures 
easy  operation  and  fluid  tightness  at  all  pressures  and  temperatures. 
"Platnam”  discs  and  seat  rings  have  low  co-efficients  ol  friction,  are 
highlv  resistant  to  erosion  and  corrosion  and  are  xirtualK  unaffected 
at  elevated  pressures  and  temperatures. 

Labour,  maintenance  aiul  shut-dowti  costs  are  still  climbing. 

More  than  ever  before,  I lopki  usons'  i|ualit\  sciel  Is  ei  ononn  . Whether 
you  are  building  a new  plant,  e.vtending  present  l.icilities  or  setting 
i up  a re-v.ilving  progr.inime,  Hopkinsons'  complete  r.inge  ol  \abe.s 

j and  boiler  fittings  lor  .ill  jiressures  .itul  temper.itures  c.in  serve  sou 

i better  tb.in  .un  others.  Write  to  I’e.icock  Brothers  I.imiteii.  I’.C*.  Box 

! 

1 O K).  Montre.il  k,)ue.  or  cont.u  t s our  ne.irest  I’e.icock  br.inch  office. 

HOPKINSONS  LIMITED  — HUDDERSFIELD,  ENGLAND 

Manufacturers  of  Valves  and  Boiler  Fittings  for  over  100  years 
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Can  IDB  help 
finance  your 
business  ? 


If  you  are  engaged  in  a business — or  if  you  plan 
to  start  one — and  required  financing  is  not  avail- 
able elsewhere  on  reasonable  terms  and  conditions, 
you  are  invited  to  discuss  your  needs  with  the 
Industrial  Development  Bank.  IDB  can  provide 
financial  assistance  to  almost  any  type  of  enter- 
prise and  for  a variety  of  business  purposes. 

For  further  information,  write  for  this  descriptive 
booklet,  visit  an  IDB  office,  or  consult  your 
auditor,  lawyer  or  chartered  banker. 


INDUSTRIAL  DEVELOPMENT  BANK 

Regional  Offices:  ST.  JOHN'S,  Nfid.  . HALIFAX,  N.S.  • SAINT 
JOHN,  N.B.  . QUEBEC,  MONTREAL,  P.Q.  . OTTAWA,  TORONTO, 
HAMILTON,  LONDON,  SUDBURY,  PORT  ARTHUR,  Ont.  . WINNIPEG , Man. 
REGINA,  Sask.  . CALGARY,  EDMONTON,  Alta.  . VANCOUVER,  B.C. 


• Library  Notes 

(Continued  from  page  93) 

^NATIONAL  SYMPOSIUM  ON  MACHINE  TRANSLATION. 
PROCEEDINGS,  1960. 

The  papers  in  this  volume,  presented  by  linguists, 
mathematicians,  and  computer  scientists  demonstrate  the 
diversity  of  the  investigations  and  the  advances  in  the 
automation  and  techniques  of  machine  translation.  They 
cover  current  research  on  various  systems  and  projects. 
Studies  in  grammar,  syntax,  the  dictionary,  semantic  and 
hnguistic  analysis,  and  programming  are  also  presented,  as 
well  as  a panel  discussion  on  methodology.  The  papers  on 
machine  translation  equipment  discuss  translation  uses  of 
high-speed  general  purpose  computing  machines,  system 
design  of  a computer  for  machine  translation,  and 
character  recognition  machines.  (H.  P.  Edmundson.  Engle- 
wood Cliffs,  Prentice-Hall,  1961.  525p.,  $7.95.) 


* MANUFACTURING  PROCESSES  AND  MATERIALS  FOR  ENGINEERS. 

Beginning  with  an  extended  discussion  of  the  metallurgy 
and  heat  treatment  of  metals,  this  work  continues  with  a 
theoretical  treatment  of  metal  cutting,  forming,  and  grind- 
ing. The  use  of  statistical  concepts  and  techniques  is 
introduced  in  connection  with  inspection,  measuring,  and 
gaging.  Automation  is  discussed  from  the  theoretical  as  weU 
as  the  practical  standpoint,  and  the  principles  of  fixed  and 
selectable  programming,  self  regulation,  feedback,  and 
numerical  and  analog  control  systems  are  explained.  Em- 
phasis is  placed  throughout  on  the  technical  and  economic 
principles  which  are  basic  to  the  manufacturing  processes. 
(L.  E.  Doyle  and  others.  Englewood  Cliffs,  Prentice-Hall, 
1961.  797p.,  $15.00.) 


)■ 


“design  and  construction  of  PORTS  AND  MARINE 
STRUCTURES. 


The  essential  concepts  of  designing  and  building  modem 
shipping- terminal,  harbor,  and  offshore  marine  structures 
are  presented.  A wide  range  of  material  is  included.  It  j 
covers  port  growth  and  development,  port  design,  break-  i 
waters,  piers,  wharves,  bulkheads,  port  buUdings,  material 
handling  equipment,  oil  terminals,  mobile  docks,  drilling 
and  radar  platforms,  and  nayigation  aids.  Numerous  worked 
out  examples  are  given,  and  are  illustrated  with  photo- 
graphs and  drawings.  (A.  DeF.  Quinn.  Toronto,  McGraw- 
Hill,  1961.  531p.,  $18.50.) 


“handbook  of  automation,  COMPUTATION,  AND  j 

CONTROL,  VOL.  3:  SYSTEMS  AND  COMPONENTS. 

The  third  volume  in  this  comprehensive  handbook  is 
largely  concerned  with  systems  engineering,  manufacturing  ii 
process  control,  chemical  process  control  instrumentation,  ■ 
chemical  process  control  systems,  industrial  control  systems, 
and  components.  The  treatment  of  components  is  largely  ' 
concerned  with  how  to  select  components  among  the 
various  alternates,  their  mathematical  description,  and  their  i 
integration  into  systems.  There  is  also  a treatment  of  the  j 
design  of  components  of  considerable  importance  today, 
specifically,  magnetic  amplifiers,  semiconductors,  and  gyro- 
scopes. (E.  M.  Grabbe  and  others.  New  York,  Wiley,  1961. 
Various  pagings,  $19.75.) 

COMBUSTION  AND  PROPULSION.  j 

The  Proceedings  of  the  fourth  AGARD  Golloquium,  j 
dealing  with  air-breathing  engines  flying  at  high  mach  j 
numbers.  The  thirteen  papers  were  given  by  experts  from  ii 
Europe  and  the  United  States.  The  sessions  covered:  the  [ 
future  of  air-breathing  engines;  the  performance  and  ap-  ' 
plications  of  ramjets;  hypersonic  inlet  studies;  diffusion 
flames  and  detonation  waves;  nozzle  flow  with  chemical  i 
reactions;  research  in  furbomachinery;  high  temperature  ; 
material  problems.  The  discussions  on  the  papers  are  also 
included.  (A.  L.  Jaumotte.  Oxford,  Pergamon,  1961.  396p., 
$15.00.) 
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BASIC  PHYSICS  OF  THE  SOLAR  SYSTEM. 

Intended  for  engineers  who  are  not  specialists  in 
astronomy,  but  who  are  interested  in  space  technology, 
the  aim  of  this  volume  is  to  present  the  basic  physical  and 
dynamical  aspects  of  the  solar  system.  The  topics  covered 
include;  astronomical  coordinate  systems;  the  planets  and 
their  satellites,  their  orbits,  shapes,  rotation,  atmospheres, 
etc.;  the  earth-moon  system;  celestial  dynamics;  the  two- 
three-  and  n-body  problems;  the  sun  and  interplanetary 
space.  Numerous  references  for  further  reading  are  in- 
cluded. (V.  M.  Blanco  and  S.  W.  McCuskey.  Reading, 
Addison-Wesley,  1961.  307p.,  $7.50.) 


speedier  erection 
at  less  cost 


'systems:  RESEARCH  AND  DESIGN. 

The  fourteen  papers  included  in  this  volume  were  pre- 
sented at  the  First  Systems  Symposium  held  at  the  Case 
Institute  of  Technology  in  1960.  They  discuss  choice  of 
objectives  in  systems  studies;  operations  research  in  the 
study  of  very  large  systems;  design  of  large-scale  digital 
computer  systems;  impedance  matching  problems  of  sys- 
tems that  include  men  and  computers;  quantifiable  para- 
meters of  group  performance;  rehability  as  a parameter  in 
the  systems  concept;  identification  and  evaluation  of  the 
transfer  dynamics  of  physical  systems;  interrelationships  of 
systems  science  and  systems  engineering  in  the  processing 
industrie.'!.  (Ed.  by  Donald  P.  Eckman.  New  York,  Wiley, 
1961.  310p.,  $8.50.) 


COLOUR  TELEVISION. 

An  account  of  the  American  National  Television  System 
Committee  colour  television  system,  and  the  Briti.sh  and 
European  versions  of  the  system,  written  primarily  from 
the  view  point  of  the  colour  receiver  engineer.  The  system 
is  explained  with  particular  reference  to  the  405  line 
version,  but  when  there  are  differences  between  the  405, 
.525,  and  625  line  systems  these  are  explained. 

Subjects  discussed  in  considerable  detail  are  transmitter 
coding,  receiver  decoding,  and  the  .shortcomings  of  the 
N.'l'.S.C.  .systems.  Other  topics  covered  are:  colour  measure- 
ments; colour  equipment,  picture  tubes,  cameras  and  film 
scanners;  colour  receiver  design  and  amplifiers;  lest  equip- 
ment; receiver  intallation;  monochrome  reception  on  colour 
receivers.  Block  diagrams,  circuit  diagrams  and  colour 
photographs  are  included,  as  well  as  a bibliography. 

'I'liis  volume  appears  at  an  opportune  time,  when  both 
the  transmission  of  regular  colour  programs  is  increasing, 
and  extensive  use  is  made  of  closed  circuit  systems  for  a 
variety  of  purposes.  ( P.  S.  Carnt  and  Ch  B.  'J’ownscnd. 
'loronto,  Briti.sh  Book,  1961. 487p.,  .$23., 50.) 


'reactor  handbook,  volume  II  : FUEL  HEPHOCESSI.NG. 

Those  aspects  of  fuel  reprocessing  which  are  covered 
in  tliis  volume  include  aiiueous  separation  processes,  non- 
aqiieoiis  seiiaratioii  processes,  reconversions,  radioactive 
waste  disposal,  and  engineering  design,  with  emphasis  on 
ihc  engineering  aspects.  In  this  edition  an  atteiniit  has 
lieen  made  to  reduce  the  coverage  of  obsolete  processes  to 
.1  minimum  and  to  extend  the  coverage  of  the  first  edition 
to  include  data  on  reconversion,  isotope  separation,  plant, 
.iimI  e(|nipment  (h'sign  and  cost.  Oreater  ('inphasis  h.is  ;ilso 
been  placed  on  author  relerenees  and  eoiH'laling  data 
rather  tliiin  mere  compilation.  (.S.  M.  .Stoller  and  It.  It. 
Itieh.iids.  New  ^’olk,  Interseienee,  I9(il.  (i(i,5p.,  $21.10.) 

INUUSIRIAI.  I RANSIS’I'OR  AND  SE.M  l(  ON  DUC  I OR  UANUIIOOK. 

A basic  test  on  semieondnetors,  roverine,  their  physics, 
genei.il  ehanieteristies,  ratings  and  measurements.  The  use 
111  semieondnetors  in  a variety  ol  airplieatious  is  discussed, 
mehiding  in  industrial  control,  as  power  eonseiters.  in 
eommunieations,  and  in  sol. ir  energy  eoinersion.  ’1  heie  is 
.1  eh.ipter  on  niamilaetiiring  teehiiiqnes,  and  ,inotbei  pie- 
dieting  Intiire  developnieiits  lor  semieondiietoi s.  i It.  It. 
I'omei.  Indianapolis,  .Sams,  lt)(i|.  2.5  Ip.,  $1  9,5.) 

((’imO'nmi/  on  ;irige  117) 


custom  engineered 


STEELDECK  ROOF 


I 


Designed  for  strength,  safety, 
economy  and  faster  installation, 
"TRUSCON"  STEEIDECK  ROOF 
quickly  covers  large  roof  areas— 
flat,  pitched  or  curved,  "TRUS- 
CON" STEEIDECK  ROOF  is  ideal 
for  factories,  power  plants, 
warehouses,  stadiums,  garages, 
schools,  theatres,  hangars  and 
shopping  centres. 


Consult  your  nearest 
TRUSCON  STEEL  repre* 
sentative  or  write  for 
our  new  STEELDECK 
ROOF  brochure. 


DOMINION  STIIl  AND  COAL  COtPORATION.llMITIO 

TRUSCON  STEEL  WORKS 


WAUtRVIUE 


SAltS  viiJ  . t: 

Ti'voNio  • wiNNir:.:;  . montseai 


«ir«ISJNIAt|\ 

MolKo»  - SI.  John'..  NUd.  . S*  N l«  . G.  r‘. 
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EIC  CERTIFICATE  OF  Although  the  majority  of  award  winners 

ADVERTISING  MERIT  occupy  two  or  more  pages  of  space,  The 

Algoma  Steel  Corporation,  Limited, 
Sault  Ste.  Marie,  Ontario,  has  shown 
that  a striking  one-page  advertisement 
can  capture  the  Journal’s  Monthly 
Award.  Judged  best  in  the  December 
issue  was  their  full  colour  bleed  adver- 
tisement on  page  69,  headed  “Canada’s 
First  Wide  Flange  Beams  Now  Being 
Produced  By  Algoma  Steel’’. 

The  undoubted  key  to  the  advertise- 
ment’s success  was  a remarkably  colour- 
ful photograph  of  the  mill  floor  in  action 
with  (presumably)  the  white  hot  flange 
beams  being  produced.  Copy  gave  full 
credit  to  the  Canadian  mill  builders  and 
workmen  involved,  and  (pioted  beam 
sizes  available. 

The  advertising  of  Algoma  Steel  is  under 
the  direction  of  Mr.  L.  Brown,  Admini- 
strative Assistant  to  the  President.  The 
winning  advertisement  was  produced  by 
the  Toronto  office  of  Cockfield,  Brown 
& Company  Limited,  Mr.  F.  D.  Adams, 
Account  Executive. 

Each  month  a different  panel  of  fifty  Journal  readers  from  across  Canada  is 
asked  to  nominate  an  award-winning  ad  of  their  choice  from  the  viewpoints 
of  ACCURACY  — INFORMATION  — ATTRACTION. 


CANADA'S  FIRST  VWDE  Ft.ANG33  BEAMS 
NOW  BEING  PHODÜCEI)  Bï  .ALGOMA  STEEL 


ALGOMA  STEEL 


THE  LEVITT-SAFETY  LIMITED  has 
introduced  a new  Multi-Fog  Nozzle  oper- 
able at  water  pressure  of  25  psi  and  up. 

It  has  fog  patterns  from  shut-off  directly 
to  30  degrees  fog  and  adjustable  through 
to  90  degrees  fog  are  available.  The  no- 
straight-steam feature  eliminates  the 
hazard  of  spreading  flammable  liquid 
fires,  accidental  electrocution  and  re- 
duces the  costly  water  damages  which 
might  occur  if  a straight-stream  were  ! 
available.  The  nozzle  has  been  approved 
by  the  Underwriters’  Laboratories  for  I 
Class  “A”  (Ordinary  Combustibles),  j 
Class  “B”  (Flammable  Liquids)  and  j 
Class  “C”  (Electrical)  fires. 

! 

A MORE  POWERFUL  drill  for  use  in  | 
the  pit,  quarry,  and  construction  indus- 
try has  been  introduced  by  Canadian 
Ingersoll-Rand.  The  D-475  Drifter,  I 
which  is  mounted  on  the  Crawl-IR,  j 
Crawler  Drill,  employs  a drill  rotation  j 
method  and  drills  holes  in  the  2/2  inch  | 
to  4 inch  range,  increasing  penetration  ? 
up  to  35%.  The  D-475  rotates  only  on  j 
the  upstroke  of  the  piston  and  in  so  , 
doing,  avoids  rapid  bit  wear  from  rota-  j 
tion  during  impact.  This  new  rotation  j 
method  enables  the  drill  to  stay  in  j 
operation  longer  and  is  not  subject  to  j 
the  operator’s  whims.  ! 


(Continued  from  page  113) 

TWO  OF  CANADA’S  newest  pipeline 
bridges  feature  three  and  one  half  miles 
of  wire  cable  constructed  by  British 
Ropes  Canadian  Factory  Limited,  at 
Vancouver.  One  bridge  carries  a gas  line 
over  the  Bow  River  near  Cochrane,  Alta., 
and  the  other  suxoports  an  oil  line  over 
the  Fraser  River  at  Shelly,  B.C. 

TYPE  AKA,  a feed-through  terminal  for 
panel  and  chassis  connections  is  a new 
item  introduced  into  the  extensive  range 
of  Staff  el  Terminal  Blocks.  It  incorpor- 
ates the  basic  design  features  and  high- 
grade  materials  of  the  whole  Staffel 
family.  Type  AKA,  a product  of  Electro- 
vert  Limited  of  Montreal,  has  been  de- 
veloped for  use  in  electrical  and  elec- 
tronic equipment. 

THE  MECHANICAL  DIVISION  of 
Dominion  Bridge  Company  Limited  has 
been  awarded  a contract  for  $400,000  by 
English  Steel  Rolling  Mills  Corporation 
to  siqjply  four  special  type  cranes  for 
use  at  Tinsley  Park,  a new  $75  million 
steel-making  complex  now  under  con- 
struction at  Sheffield,  England.  Do- 
minion Bridge  has  also  acquired  sole 
Canadian  manufacturing  rights  to  pro- 
duce powered  platforms  for  the  cleaning 
and  maintenance  of  exterior  walls  of 
buildings  developed  by  the  Manning  and 
Lewis  Engineering  Company  of  Newark, 
N.J.  This  equipment  called  a wallglider, 
consists  of  a roof  car  and  a mechanized 
aluminum  platform  providing  coverage 
of  the  entire  external  wall  surface  of 
skyscrapers. 


THE  PRESTRESSED  CONCRETE 
Institute  has  announced  the  publication 
of  its  new  Prestressed  Concrete  Building 
Code  Requirements.  This  is  the  first 
national  Code  published  on  the  subject 
and  is  intended  as  an  aid  to  engineers, 
architects  and  building  officials.  It  is 
written  so  that  it  may  be  incorporated 
as  a part  of  any  general  building  code. 
The  code  includes  all  design  require- 
ments such  as:  allowable  stresses  in  con- 
crete and  steel,  load  factors,  ultimate 
flexural  strength,  and  shear. 

THE  UNITED  STATES  Department  of 
the  Interior,  Office  of  Saline  Water,  has 
selected  Burns  and  Roe  Inc.,  to  manage, 
operate  and  maintain  its  sea  water  con- 
version demonstration  plant  at  San 
Diego,  California.  This  multi-stage  flash 
distillation  facility  has  a capacity  of 
one  million  gallons  of  potable  water  per 
day.  This  project  is  part  of  a program  to 
determine  the  engineering  feasibility  and 
economics  of  converting  sea  water  to 
high-quality  fresh  water  for  municipal, 
industrial,  and  other  uses. 


A COMPLETE  LISTING  of  precision  i 
levels,  including  plain,  reversion,  spring 
mounted,  circular  and  unmounted  vials, 
are  featured  in  a newly  revised  and  ex- 
panded bulletin  published  by  W.  & L. 
Gurley  of  Troy,  N.Y.  Gurley  spirit  levels, 
aside  from  the  usual  ones  in  surveying  I 
instruments,  have  many  applications  on  ! 
heavy  machinery,  missile  platforms,  air  j 
frames,  launching  pads,  rolling  mills  and  | 
other  mechanical  devices  where  absolute  I 
level  is  essential.  j 

THE  CAMBRIDGE  INSTRUMENT  ! 
Company  of  London,  England,  has  in- 
troduced the  Scanning  Reflection  Elec-  ! 
tron  Microscope.  This  experimental  ' 
microscope  is  being  developed  primarily  I' 
for  the  examination  of  specimens  that  | 
have  comparatively  rough  surfaces  or  ' 
characteristics  that  preclude  the  use  of  | 
extraction  replica  techniques.  It  is  in-  j 
tended  to  be  largely  complementary  to  j 
the  transmission  electron  microscope.  ' 
Other  applications  are  likely  to  include  i 
the  examination  of  delicate  fibres  and  j 
the  study  of  voltage  gradients  across  j 
semiconductor  junctions  and  similar  j 
phenomena. 


A SPECIAL  DUTY  tire  valve  core  for 
off-the-road  and  other  heavy-duty  equip- 
ment has  been  introduced  by  Dill  Manu- 
facturing Company.  The  valve  core. 
Model  VI-70-HH,  is  designed  to  operate 
perfectly  in  temperatures  ranging  from 
— 65°  to  450°F.,  and  for  short  periods, 
it  can  withstand  even  greater  tempera- 
tures. Construction  is  the  same  as  that 
used  for  jet  planes.  The  fully  enclosed 
stainless  steel  spring  is  sturdy,  compact 
and  oil  resistant.  The  valve  core  has  a 
.302  inch-32  thread  to  fit  oversize  valves 
and  features  a silicon  heat  resisting  cup 
gasket. 


THE  COPPER  RANGE  Company  has 
published  the  first  in  a series  of  illus- 
trated technical  volumes  entitled  Copper 
Range  — White  Pine  — Lake  Copper  — 
Properties.  Later  books  will  cover  re- 
search on  fabrication  and  alloys.  This 
first  volume  outlines  briefly  the  history 
of  copper  production  of  the  Lake  Su- 
perior region  and  the  Company’s  par- 
ticipation, including  the  development  of 
the  White  Pine  Copper  Company,  its 
subsidiary. 

(Continued  on  page  118) 
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I (Continued  from  page  115) 

I 

'‘’probability  and  experimental 
I ERRORS  IN  SCIENCE. 

The  author  begins  with  a brief  discus- 
jsion  of  the  different  meanings  of  prob- 
ability, introducing  games  of  chance  as 
^examples  of  the  classical  or  a priori 
, meaning.  He  then  considers  measure- 
ments in  science  and  such  general  sta- 
tistical concepts  as  maximum  likelihood 
propagation  of  errors,  curve  fitting,  least- 
jsquares  method,  consistency  tests,  analy- 
,sis  of  variances,  and  correlation.  The 
normal  (Gauss)  and  Poisson  models  of 
mathematical  probability  are  explored 
both  analytically  and  through  typical 
problems.  (L.  G.  Parratt.  New  York, 
;Wiley,  1961.  255p.,  $7.2.5.) 


I '"cost  reduction  guide  FOR 
Imanufactubing  management. 


Following  a description  of  the  char- 
jacteristics  and  techniques  of  a succcs.sful 
'cost  reduction  program,  the  authors  pre- 
Isent  a variety  of  specific  case  histories 
illustrating  the  application  of  these  tech- 
nifjues.  They  conclude  with  a listing  of 
operations  analysis  questions  which  when 
applied  will  develop  an  accurate  profile 
of  company  strengths  and  weaknesses. 
The  experiences  of  more  than  fifty  com- 
panies in  planning,  organizing,  and  pro- 
moting cost  reduction  programs  are  re- 
flected in  this  volume.  (H.  Morse  and 
E.  E.  Wyatt.  Ghicago,  Wyatt  & Morse, 
1961.  244p.,  $18.00.) 


I 

AN  INTRODUCTION  TO  THE  PROPERTIES 
OF  ENGINEERING  MATERIALS. 

HascKl  on  an  undergraduate  course 
[•overing  the  fundamimtals  of  the  strue- 
hires  of  materials,  the  text  commences 
witli  the  physics  of  the  atom  and  the 
karious  tyiies  of  inter-atomic  bonding, 
followed  by  the  assembly  of  atoms  or 
molecules  in  gases,  litpiids  and  .solids. 
Crystalline  structure!  is  also  covered  in 
■nough  detail  to  enable  the  studi'iil  to 
understand  the;  nux'hauieal  Ix'haviour  of 
metal  crystals.  The  remaining  chaptc-rs 
are  ol  a more  teelmical  nature,  and  cover 
the  meehanieal  testing  of  metals,  and  th(! 
K'lationship  of  the  results  of  tests  for 
loiiglmess,  laligue  and  creep  to  engineer- 
ing design,  the  heal  treatment  of  steel, 
illoy  steels,  corrosion  problems  and  the 
|nelalliirgieal  laelors  in  welding.  The  last 
’ hapler  introduces  some  of  the  prob- 
lems to  be  considered  when  using  male- 
li.ils  in  imelear  engineering  inojeels. 
jK.  |.  I’asene.  l.ondon,  Ithukie,  1961. 
p.-,p.,  .T5/-.) 


r I \(.INI  .I  RING  CAS  I INGS. 

i .\  siniplilied  presentation  ol  teelmical 
jnlniin.ilinn  on  the  varions  tspes  of  east- 
ngs  and  how  they  are  m.ide.  the  selee- 
ion  ol  metals,  and  varions  design  l.ielors. 
It  oilers  sound  proeedures  lor  seleeling  a 
onndiy,  obtaining  quol.itions  and  order 
'ng  (aslings,  and  setting  up  a eonliael. 
\lso  pros  ided  is  eoneise  inloimalion  on 
aiw  to  liny  patterns,  |.  Cook.  To 

onto,  MeCr.iw  I bll,  1961.  2.57p..  $9.7.5.) 


LONG  RANGE  BALLISTIC  MISSILES. 

Already  well-known  for  his  books  on 
rockets  and  space  technology,  the  author 
travelled  all  through  the  U.S.  gathering 
material  for  this  volume,  visiting  plants, 
missile  ranges  and  test  centres.  He  dis- 
cusses the  history  of  the  ballistic  missile, 
and  the  U.S.  programme,  and  how  the 
missile  fits  into  the  overall  picture.  He 
considers  missile  trajectory,  missile  com- 
ponents, re-entry  bodies  (nose  cones), 
facilities  required  for  launching,  etc., 
and  finally,  the  peaceful  uses  of  missiles. 
Many  photographs  are  included.  (Eric 
Burgess.  Toronto,  Ryerson,  1961.  255  p., 
$7.00.) 


‘’axial-und  radialkompressoben. 

New  enlarged  edition  of  a treatise  on 
the  application,  theory  and  calculations 
of  axial  and  radial-flow  compressors, 
presenting  an  extensive  review  of  the 
fundamentals  of  modem  turbo-compres- 
sors (except  supersonic)  as  well  as  detailed 
treatment  of  special  types.  There  are  also 
brief  chapters  on  turbomachines  under 
unstable  operating  conditions  and  on 
regulation  of  compressors.  There  is  an 
extensive  bibliography.  (B.  Eckert  and 
E.  Schnell.  Berlin,  Springer-Verlag,  1961. 
.527p.,  DM  89.00.J 

(Continued  on  page  125) 


With  automation  by  Wallace  & Tiernan  your  chlorination  system  con- 
trols itself  . . . needs  almost  no  attention.  W ith  Comiiound-loop  Control, 
the  residual  you  select  is  maintained,  no  matter  how  much  water  flow 
or  chlorine  demand  changes.  You're  always  sure  of  water  quality. 

W&T  Compound-loop  Control  means  true  process  control.  Bixause  it 
analyzes  the  end  result  and  feeds  hack  information  which  monitors  your 
chlorinator,  Compound-loo|)  Control  successfully  achieves  a closed-loop 
system.  I'his  means  an  operating  range  of  greater  than  100  to  1.  plus 
round-the-clock  supervision  without  extra  labor. 

And  you  can  control  free  or  total  residual  . . . use  electric,  pneumatic, 
or  variable  vacuum  signals.  W iv  I'  Compound-loop  (hmli  ol  can  be  tailoreil 
to  the  physical  layout  of  mum  s\  stem,  vour  (low  -metering  equip- 
ment, your  |)lant  Indraiilics.  't  ou  build  or  com  i'rl  to  automa- 
tion with  maximum  convenience,  minimum  e\pen-e. 


For  more  iti  formation,  write  Dept.  S-l 


WALLACE  S.  TIEniMAM  LIMITED 


HiAO  orrici  a rAcroiT'  *}>  waioin  avinui  icaaaoaouoh  ontaaio 

MONTIIAL  • HAUrAX  W1NNIPIO  VANCOUVtt 
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THE  PETER  BENT  Brigham  Hospital 
of  Boston  has  ordered  from  the  High 
Voltage  Engineering  Corporation  of 
Burlington,  Mass.,  a powerful  six  million- 
electron-volt  micro-wave  linear  accelera- 
tor for  cancer  therapy  and  research.  This 
machine  is  capable  of  producing  sharply 
defined,  deep  penetrating  X-rays  at  dis- 
tances which  protect  against  skin  damage 
and  death  dosàges  which  reduce  treat- 
ment time. 

A NEW  GRAVITY  reference  surface 
that  makes  it  possible  to  relate  an  optical 
tooling  co-ordinate  system  to  the  gravity 
vector  now  is  available  from  Keuffel 
and  Esser  Company.  The  device  is  a 
spherical  Bernoulli  bearing  which  be- 
haves as  a stable  liquid  reflectant  surface 
without  displaying  the  inherent  instabili- 
ties present  in  liquids.  It  can  be  used  to 
check  alignment  of  missile  launching 
pads,  radar  and  radio  antennas  and 
wherever  seismic  vibrations  and  angular 
movement  have  to  be  monitored. 

A MULTI-MILLION  dollar  contract  to 
make  the  heavy  mill  equipment  for  the 
Steel  Company  of  Canada’s  new  80-inch 
cold  mill  in  Hamilton  has  been  awarded 
Canada  Iron  Foundries  Limited.  A Stelco 
official  said  the  new  mill  is  a major 
item  in  the  $40  million  expansion  pro- 
gram, and  will  enable  Stelco  to  roll  hot 
and  cold  sheet  metal  in  widths  not  now 
made  in  Canada. 


MILLER  SWIVEL  Products  Incorpor- 
ated, Pomona,  Calif.,  has  announced  the 
additional  facihty  of  a 350  Ton  Tension 
or  Compression  Testing  Machine.  This 
machine  allows  accurate  testing  to  within 
1%  accuracy. 

A FULLY  AUTOMATIC  Mimik  Co- 
ordinate Feed  Control  for  use  in  com- 
bination with  the  standard  Mimik  4000 
Rise  and  Fall  Duplicator  has  been  de- 
veloped by  Retor  Developments  Limited, 
Galt,  Ont.  The  duplicator  control,  which 
attaches  to  any  quill  type  mill  without 
machine  conversion,  provides  a fully 
automatic  die  sinking  operation  at  re- 
markably low  cost. 

THE  FEDERAL  EQUIPMENT  (East- 
ern) Limited,  Montreal,  has  signed  a 
distribution  conrtact  with  Harnischfeger 
Corporation  of  Canada  Limited.  Har- 
nischfeger’s  P & H line  of  heavy  equip- 
ment, including  all  models  manufactured 
under  contract  in  Canada  by  John  Inglis 
Company,  Toronto,  will  be  distributed 
throughout  Quebec  by  the  Montreal  firm. 

MODEL  NO.  928,  is  the  new  precision 
grinder  introduced  by  the  Kaydon  En- 
gineering Corporation.  It  is  designed  to 
contour  grind  flow-turn  mandrels  and 
other  missile  components  up  to  108 
inches  in  height.  The  new  grinder  has 
been  designed  for  the  rocket  engine  pro- 
gram of  the  Saturn  missile  at  Cape 
Canaveral. 


A TRANSISTORIZED  radio  direction! 
finder  which  operates  from  six  standard'! 
flashlight  batteries  has  been  introduced 
by  Raytheon  Canada  Limited.  The  Model"  jjl 
356  Ranger  II  has  been  designed  to  re-T'lj 
ceive  the  long-range  Consolan  direction' j! 
finding  signals.  It  has  a built-in  beat'i  j 
frequency  oscillator  and  covers  the  Con-i 
solan  band  to  receive  lines  of  position! 
from  Nantucket,  San  Francisco,  Miami,J,' 

and  five  Consol  stations  in  Europe.  ii 

’ 

FIRE  HOSE  with  a single  jacket  of  100%'|'' 
Canadian  terylene  polyester  fibre  is  now|| 
being  supplied  to  municipal  fire  bri-‘j 
gades  and  industrial  plants  in  Canada  by^i 
La  France  Fire  Engine  and  Foamite  ■ 
Limited,  Toronto.  Under  the  name'l 
Crusader,  the  hose  jacket  is  made  from  1 
1100  denier,  high  tenacity  bright  yamll 
with  a Neoprene  liner  and  is  being  pro-tj 
duced  by  the  Goodyear  Tire  and  Rubber! 
Company  of  Canada  Limited  following  | 
a period  of  intensive  development  and  î 
testing  over  the  past  year.  J 

THE  DEVELOPMENT  of  a completel 
family  of  compression-ignition  multifuel  | 
engines  that  can  be  operated  on  af 
complete  range  of  fuels  from  diesel  to  i 
gasoline  has  been  announced  by  Gen-'i 
eral  Motors  Diesel  Limited,  London,*'! 
Ont.  These  engines  were  developed! 
primarily  for  military  use,  but  commer-- J 
cial  applications  are  also  foreseen^* 
Twelve  V and  in-line  models  offer  a» 
wide  power  selection.  "f 


BOOTH 


STEEL  ROLLING 
SHUTTERS 


The  BOOTH  Rolling  Shutters  shown  below  are  part 
of  an  installation  of  32  Shutters,  each  8'6"  square  at 
the  New  Sufferance  Warehouse,  Montreal  for  Messrs. 
Smith  Transport  Ltd.  This  is  the  latest  repeat  order 

for  these  clients. 


JOHN  BOOTH  & SONS  (BOLTON)  LTD. 

Hulton  Steelworks,  Bolton,  England. 


Represented 

DAVID  McGILL  & SONS  LTD., 

16  St.  John's  Road,  Point  Claire, 
MONTREAL  33,  Que. 

JOHN  THOMPSON-LEONARD  LTD., 

P.O.  Box  429,  LONDON,  Ont. 

HALLS  ASSOCIATES  (WESTERN)  LTD., 
1045  Erin  Street,  WINNIPEG  10,  Man. 
NORTHERN  ASBESTOS  & BUILDING 
SUPPLIES  LTD., 

125th  Avenue,  EDMONTON,  Alta. 


in  Canada  by: 

NORTHERN  ASBESTOS  & BUILDING 
SUPPLIES  (B.C.)  LTD., 

3455  Bainbridge  Avenue,  North 
Burnaby,  (VANCOUVER)  B.C. 

Full  technical  details  and  other 
information  are  contained  in  our 
Catalogue,  available  free  on  request 
from  any  of  the  above. 
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"STRONGER  THAN  THE  BOLF 


The  completely  reliable  expansion  Anchor 
for  bolts  3/16"  to  3"  diameter 

Manufactured  In  Canada  solely  by 

CANADIAN  CINCH  ANCHORING  SYSTEMS 

LIMITED 

2095  Madison  Avenue,  Montreal 

Date  beek  — stress  tables  en  request 
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Specify  "Turnall”  Asbestos-Cement  Building  Materials 


7^ asbestos-cement 

urnaU  T-DECK 

M K ;r.M.  fteg'd.) 


...  an  entirely  new  design  for  roof 
decks.  It  offers  o low  priced  roof  deck 
for  %'-Q"  maximum  spans. 

Turnail  “T”-Deck  has  decided  plus- 
values  that  benefit  both  the  designer 
and  builder. 

• favourable  strength/weight  ratio 

• no  metui  reinforcing;  nothing  to 
corrode 

• asbestos-cement  does  not  deter- 
iorate 

• never  needs  a protective  coating  of 
paint 

• assembles  rapidly  and  easily. 

Write  today  for  a copy  of  Turnall  "T"- 
DECK  catalogue.Contoct  nearest  Atlas 
office. 

ATLAS  ASBESTOS 

COMPANY  LIMITED  67-28 

MONTREAL  TORONTO  WINNIPEG  EOMONTON  VANCOUVER 
A member  of  the  Turner  & Newall  Organization. 
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Montreal,  Quebec 
Queen  Elizabeth  Hotel 


JUNE  12-15 
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ASME-AIEE-EIC 

i 

JOINT  RAILWAY  CONFERENCE 

j 

Toronto  I 

April  9-10  i 


King  Edward  Hotel 


THEME;  Metropolitan  Transportation 

Monday,  April  9 

SESSION  I 9:30  a m. 

Problems  of  Selecting  a Type  of  Urban  Transportation 
W.  E.  P.  Duncan,  Toronto  Transit  Commission,  Toronto 
(ASME) 

Rapid  Transit  Planning— The  Background  of  Metropolitan 
Growth 

S.  D.  Forsythe,  National  Capital  Transportation  Agency, 
Washington,  D.C.,  (ASME) 

Railroad  Noise  Problems 

T D.  Northwood,  National  Research  Council,  Ottawa, 
(EIC) 

• • • • 

SESSION  II  2:00  p.m. 

The  Evolution  of  a Modern  Transit  Vehicle  Structure 
J.  W.  Borger,  Pullman-Standard  Company,  Chicago 
(ASME) 

Aluminum  Subway  Cars  for  Toronto 

I.  G.  Hendry,  Toronto  Transit  Commission,  Toronto,  and 
D.  H.  Heilman,  Vapor  Heating  Limited,  Montreal,  (EIC) 

The  Toronto  Subway  Tunnel  Shields 

T.  M.  Noskiewicz  and  J.  V.  Bartlett,  W.  S.  Atkins  & 
Associates,  Toronto,  (EIC) 


Tuesday,  April  10 

SESSION  III  9:30  a.m. 

Some  Problems  Encountered  in  Design  of  Automatic  Freight 
Train  Controls 

R.  G.  McAndrew,  General  Railway  Signal  Company,  New 
York  City  (AIEE) 

Simulation  of  Train  Operations  on  a Digital  Computer 
P.  B.  Wilson,  C.  J.  Hudson,  and  C.  Sankey,  Canadian  Na- 
tional Railways  Montreal,  (ASME) 

Modern  Light  Som’ces  for  the  Railway  Industry 

R.  D.  Churchill  and  L.  L.  Henderson,  General  Electric 

Company,  Cleveland,  (AIEE) 

• • • • 

SESSION  IV  2:00  p.m. 

Static  Conductor  for  Railroad  Use  With  Particular  Emphasis 
on  Rapid  Transit  Cars 

W.  C.  Allison,  Canadian  General  Electric  Company,  Peter- 
borough, Ont.  (AIEE) 

Traction  Motor  Suspension  Design 

Carl  F.  Simon,  Jr.,  General  Electric  Company,  Erie,  Pa. 
(ASME) 

The  Fundamentals  of  Infrared  Hot  Box  Detection 

E.  G.  Menaker,  General  Electric  Co.,  Waynesboro,  Va., 
(AIEE) 

Silicon  Rectifier  Cells  for  Power  Rectification  on  Railway 
Vehicles 

H.  S.  Ogden  and  E.  F.  Weiser,  General  Electric  Co.,  Erie, 
Pa.,  (AIEE) 


• • • • 


• • • • 


FEES:  A Conference  fee  of  $5  for  ASME,  AIEE,  and  EIC  members,  and  an  $8  fee  for  non- 

members will  be  charged.  A fee  of  $1  will  be  charged  to  students  and  there  wiU  be 
no  registration  fee  for  the  ladies. 

LADIES:  There  will  be  a program  for  the  ladies  who  intend  to  join  their  men  at  the  Confer- 
ence. Various  activities  have  been  planned  which  include  a morning  coffee  hour  on 
Monday  and  a luncheon  and  tour  of  the  city  on  Tuesday. 
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Consulting  Engineers 

STRUCTURAL  - MECHANICAL  - ELECTRICAL 
DESIGNS,  SPECIFICATIONS  and  SUPERVISION 

4444  SHERBROOKE  ST.  WESTMOUNT,  P.Q. 
WE:  5-8587-8588 


» Library  Notes 

(Continued  from  page  117) 


MOTORS  ■ GENERATORS 
TRANSFORMERS  • CONTROLS 

NEW  - RECONDITIONED 

REPAIRS  — REWINDING 
COILS  — COMMUTATORS 
ENGINEERING  ADVICE 


THOMSON  ELECTRICAL  WORKS  LTD. 

QUEBEC  • MONTREAL  . SHERBROOKE 


Canada's  Largest  Independent  Service  Organization 


DECISION  MODELS  FOR  INVENTORY  MANAGEMENT. 

Methods  for  the  management  of  multi-item  inventories 
re  presented.  The  inventory  situation,  in  several  basic 
Dims,  is  described  graphically  and  mathematically,  and 
aodels  are  developed  which  can  be  used  to  determine 
ptimal  inventory  policy  in  a variety  of  cases.  The  data 
equirements  for  the  inventory  models  are  discussed  at 
■ngth.  The  nature  of  the  costs  required  by  the  models 
nd  their  relative  sensitivity  under  various  inventory  con- 
litions  are  reviewed.  (R.  B.  Fetter  and  W.  C.  Dalleck. 
lomewood.  III.,  Irwin,  1961.  12.3p.,  $.5.75.) 


SING  THE  OSCILLOSCOPE  IN  INDUSTRIAL  ELECTRONICS. 

Tlic  use  of  the  oscilloscope  for  testing  and  maintaining 
iidustrial  electronic  devices.  The  first  four  chapters  contain 
eneral  information  on  industrial  oscilloscopes,  information 
apability,  operating  features,  and  characteristics.  Six 
hapters  discuss  specific  applications  in  testing  and  main- 
lining thyratron  and  ignitron  controls,  saturable  reactors 
nd  magnetic  amplifiers,  radar  equipment,  automotive  igni- 
ion  systems  and  tran.sistorized  controls.  The  final  chapters 
over  waveform  photography,  the  use  of  oscilloscope  in  the 
iboratory,  and  maintenance.  ( R.  G.  Middleton  and  L.  D. 
'aync.  Indianapolis,  Sams,  1961.  256p.,  $4.95.) 


[ANDBOOK  OF  ELECTRONIC  CHARTS  AND  NOMOGRAPHS. 

A set  of  58  nomographs  and  charts  for  deriving  answers 
) electronic  formulae.  There  arc  brief  instructions  for  the 
se  of  each  nomogram,  and  an  example  is  given  of  the 
ilution  of  a typical  problem.  A vinyl  overlay  sheet  is 
ichided,  so  that  pencil  lines  may  be  ruled  on  the  nomo- 
rain,  for  greater  accuracy.  (A.  I.ytel.  Indianapolis,  Sams, 
961.  I27p.,  .$4.95.) 


TF.GIINICAI,  HUI.I.F.TINS  A 
I’AMriIl.KTS  HF.CFIVF.I) 

Space  liniitationn  do  not  cixdilc  us  to  record 
these  ill  the  Lihranj  Notes.  ,\  iiiiineograplied  list  of 
the  liiilletiiis  and  I'aiiiplilets  reeeieed  during  the  last 
month  is  arailalilr  free  on  rei/iiest  to  the  lihrarian. 


® COMBUSTION,  FLAMES  AND  EXPLOSIONS  OF  CASES,  2nD.  ED. 

The  purpose  of  this  text  is  to  provide  the  chemist, 
physicist,  and  engineer  with  a scientific  basis  for  under- 
standing combustion  phenomena.  It  is  disided  into  four 
parts  dealing  with  the  chemistry  and  kinetics  of  the 
reactions  between  gaseous  fuels  and  oxidants,  flame  propa- 
gation, state  of  the  burned  gas,  and  problems  in  technical 
combustion  processes.  In  this  new  edition  particular  em- 
phasis has  been  placed  on  the  modification  of  combustion 
wave  propagation  due  to  heat  loss  to  the  unbumed  medium 
and  to  localized  changes  of  mixture  composition  by  dif- 
fusional  iirocesses.  Some  revisions  have  been  made  in  the 
discussion  of  detonation  proeesses,  and  new  material  has 
been  included  where  appropriate.  (B.  Lewis  and  G.  von 
Elbe.  New  York,  Academic,  1961.  731p.,  $22.00.)  Fjc 
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I IN  THIS  ISSUE 

! 


‘Geology  of  the  South  Saskatchewan  River  Project”, 
jy  D.  II.  Pollock,  M.E.I.C.,  Chief,  Air  Photo  Analysis  and 
in^'ineering  Geology  Division,  Prairie  Farm  Rehabilitation 
administration,  Regina,  presents  readers  with  an  apprecia- 
:ion  of  geological  features  and  events  that  have  exerted 
i significant  influence  on  various  phases  of  engineering  of 
he  South  Saskatchewan  River  Project,  such  as  the  pre- 
iminary  damsite-selection  program,  the  flood  plain  and 
ihutment  investigation,  the  exploration  for  construction 
Tiaterials  and  the  design  of  the  dams  and  their  appurtenant 
vorks.  The  paper  makes  only  limited  reference  to  the 
iignificance  and  application  of  the  geology  as  this  subject 
■natter  would  be  better  discussed  under  heading  dealing 
n detail  with  project  investigation  design  and  construction. 


Recent  observations  of  the  radio  emissions  from  celestial 
)bjects  have  provided  astronomers  with  much  new  infor- 
mation. These  observations  have  also  shown  the  need  for 
adio  telescopes  having  larger  apertures  than  those  now 
ivailahle.  For  centimetre  wavelengths,  the  only  suitable  type 
)f  t<;le.scopc  appears  to  be  one  having  a large  reflecting 
airface.  J.  L.  Locke,  Officer  in  Charge,  Dominion  Radio- 
\slr()i')hysical  Observatory,  Department  of  Technical  Sur- 
/cys,  P(,‘nticton,  B.C.,  in  his  paper  “Design  Considerations 
for  Large  Radio  Telescopes”,  discusses  the  factors  in- 
îliiciiieing  the  design  of  radio  telescopes  of  various  sizes  for 
ise  at  diflereni  wavekuigths  and  outlines  the  manner  in 
vliieh  the  problems  have  been  solved  in  existing  and 
)lanned  telescopes.  He  also  discusses  the  possibility  of 
lelcseopes  of  extremely  large  apertures. 


! 

It  is  more  than  40  years  sinee  the  lirst  f(?ed-healing  sys- 
tem for  land  power  stations  was  installed  in  Rrifain, 
although  this  installation  had  been  preceded  for  some  time 
jiy  the  use  of  feed  heaters  in  marine  work.  The  present 
jst.iti-  of  the  practice  of  feed  heaters  is  however,  much 
P'lnoved  from  the  relatively  simpler  e(piipment  of  those 
days,  j.  V.  Higg,  in  his  paper  “Power  Station  Peed  Heaters”, 
presents  a brief  survey,  firstly  of  some  of  the  perfonnanee 
joiisiderations  involveil,  and  sei-ondly  of  ,se\’('ral  of  the 
detail  lealnres  and  eonstniction  problems  iinoKcd  in 
pii'sent-d.iy  plant. 


No  attempt  has  been  made  to  deal  fully  with  every 
aspect  of  the  design  and  construction  problem.  Detail 
description  has  been  confined  to  those  items  where  existing 
literature  is  scanty  and  where  the  author  feels  that  informa- 
tion of  interest  can  be  presented. 


Potash  is  one  of  the  major  components  of  modern-day  fer- 
tilizers. Until  recently,  potash  had  to  be  imported  from 
New  Mexico  and  transportation  constituted  a great  part 
of  the  cost.  When  potash  was  discovered  in  Esterhazy, 
Sask.,  plans  were  started  for  the  development  of  the  rich 
and  important  mine.  Since  the  demand  for  fertilizer  is 
highly  sea.sonal,  it  is  necessary  to  have  storage  facilities  to 
accommodate  several  months  production.  In  his  paper  en- 
titled, “Unique  Design  in  Clulam”,  B.  Madsen,  Chief  Engi- 
neer, Glulam  Products  Limited,  New  W'estminster,  B.C., 
describes  the  construction  of  these  storage  buildings.  The 
problem  faced  was  to  develop  a design  which  would  meet 
the  special  rerpiirements.  The  pile  to  be  covered  consisted 
of  a 204  ft.  diameter  cylinder  16  ft.  in  height,  located 
below  tlu'  ground  level.  The  potash  would  form  a 62  ft. 
high  cone  on  top  of  this.  The  structural  frame  would 
have  to  be  entirely  oiitsiile  of  this  space.  The  paper 
describes  the  selection  of  the  materials,  the  design,  testing 
and  other  pc-rtinent  factors  of  this  project. 


T.  W.  McDonald  and  P.  N.  Nikiforiik.  .■\ssistant  Professors 
of  Mechanical  Engineering,  University  of  .Saskatchewan,  in 
their  paper,  “Some  F.ngiucering  Applications  of  Analog 
Computers”  subdivide  analog  computers  into  two  main 
groiijis;  the  special  purpose  machines;  ;ind  the  general 
purpose  machines.  .\s  an  introduction  to  the  subjeet,  a 
general  description  is  first  gi\en  of  these  two  groups. 
Following  this  a detailed  tleseription  is  giwn  with  e\- 
amiiles,  ol  eondneting  sheet  analogs,  resistanc't'-eap.ieit.uux- 
network  analogs  .\nd  the.  eli-etronie  an.dog  computers. 
I'bcM'  computers  ;ire  eoinp.ired  i-onseipientl\'  as  far  as 
aeeiiraey,  Ilexibilits'  .md  in.iintr'inuux'  .ire  «.amix'nu'd.  Some 
of  the  e\. impies  ipioleil  .ir<-  deserijitions  of  work  In'ing 
done  .it  the  Meih.mie.il  I-'.iigineering  Deii.irtment  at  the 
I'nixersilx-  ol  S,isk,itehew ,m. 
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Shoirn  is  a vieie  of  one  of 
under  eonstniction.  I'he  site 
courtesy  Prairie 

the  iloirnstream  tunnels  of  the  South  Saskateheiean  liiier  Project  prc\cnthi 
of  the  tunnel  is  midieay  hetieeen  the  toiens  of  Outlook  anil  1 Ihoir.  l'h<<to 
Vann  Rehahilitation  \dministralion.  ('anadii  Dept,  of  Agriculture 
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Geology  of  the 

South  Saskatchewan  River  Project 


D.  H.  Pollock, 

Vrairie  Farm  Rehabilitation  Administration,  Regina 
Chief,  Air  Photo  Analysis  and  Engineering  Geology  Division 


Presented  at  the  75th  E.I.C.  Annual  General  Meeting,  Vancouver,  May  1961. 


PUHl'OSl-:  OK  (his  paper  is  to  pre- 
sent readiM'S  with  an  apprc'eia- 
|inn  oF  geolo^ie  features  and  events 
|hal  have  e.\(T((‘d  a sijinifieant  indn- 

|.•n(•e  on  varions  pliases  of  en^ineerinu 
)1  tlu'  Sonlli  Saskatehewan  Hivc'r  I’ro- 
o('t,  such  as  (h(;  ])reliminary  dainsite- 
seh'elion  |)ronram,  llu;  (loodplain  and 
,d>nlinen(  invostinalion,  the  oxplora- 
lion  lor  eonslrnelion  materials,  and 
tile  design  of  the  dams  and  ihm'i 
ippnrienani  works.  'I'Ik*  jiapor  makes 
onh-  limilerl  relereneo  to  the  sinnili- 
jeanee  ,md  application  oi  th(>  ^enloj^t 
■ IS  this  snhjeel  maltei'  would  he  hotter 
disenss('d  under  hcadinjis  dealint;  in 
det,nl  wilh  piojeet  in\ ('s(in,ition,  de 
siyn  ,md  eonslrnelion. 


d'he  project  is  a joint  undertaking 
hy  (àinada  and  Saskatehewan  to 
niili/.o  waters  of  the  South  Saskatehe- 
wan Hi\’er  lor  irrigation,  geiu'iation 
ol  power  and  ri\t'r  ri'gnlation.  (ion- 
slrnetion  ol  two  oarlh-lill  dams  is  a 
major  h'alnri'  ol  the  projer't.  'I'he 
m.iin  dam  will  lu*  tiu'  210  It.  high 
.South  Saskatelu'w  .111  Ki\cr  Dam.  lo- 
I'.ited  niidwat'  hot  ween  the  tow  ns  ol 
Outlook  and  Klhow.  The  00  It.  high 
On’ Vppelh'  Hiver  I),nn  will  he  the 
second  d,nn,  ,md  will  he  r('(|niied  on 
the  (,)n  \ppelle  Hiver  roiighlv  12 
miles  sonihiMsI  ol  Klhow  to  |irevr'nl 
reservoir  vv.ilei  Imm  ese.iimiv;  e.isler 
Iv  down  the  v.dlev.  Sites  ol  holh 
d.nns  ,ire  shown  in  Kni  !.  The  pio 


jiH.'t  also  entails  eonstruetion  of  hvdix)- 
eleetrie  power  faeilitic's  at  the  main 
dam  and  cxmslinetion  of  an  irrig^ation 
disirihntion  sv'stem  ol  outlet  vvxirks. 
canals  and  anxilliarv'  reservoii'S  for  tlie 
nltim.itc'  irrig.ilion  ol  aiipiMxiinatelv 
."iOO.OOO  .lores  ol  l.nul.  Ckm.id.i  is  re- 
sponsihle  lor  design  and  eonstruetion 
of  the  (ills  and  .spillw.iy  ami  river 
diversion  strneinres.  wherrMS  .S.is- 
k.ilehew.m  is  responsihle  for  tlu'  vie 
simi  .md  eonstrnelion  ol  thi'  hvilro- 
eleetrie  insl. ill. liions  .nul  the  irrigation 
distrihntion  svslein.  The  m.im  d.im 
w ill  h.ive  .1  volume  of  more  th.in  (•>  I 
million  on.  vd.  ,nid  will  he  one  ot  th< 
kirgest  in  the  vv  orld 

\ pii'vions  p.i;'ei  hv  M...  Ke’ 


rliis  paper  is  haseil  on  stnilies  eoinpleted  to  the  end  nl  liltiO.  \loie  leeenlh.  additional 
detailed  data  troin  deep  eveavations  in  the  shale  have  heeoine  availahle 
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presents  a comprehensive  outline  of 
the  project’s  major  engineering  and 
agricultural  features  as  well  as  the 
history  of  the  project  from  Palliser’s 
earliest  thoughts  in  1857  through  to 
the  present.  A second  paper  hy  Beriy, 
Durrant,  and  Booy-  present  hydro- 
logical  aspects  of  the  project.  Papers 
by  Peterson^'  discuss  engineering 
properties  and  detailed  investigations 
of  the  Bearpaw  shale,  which  is  the 
bedrock  foiTnation  underlying  the 
damsites.  A paper  by  Booy,®,  pre- 
sented at  the  1961  E.l.C.  Annual 
Meeting,  discusses  the  structural  de- 
sign of  the  diversion  tunnels  for  the 
main  dam. 

Construction  at  the  main  damsite 
is  well  underway.  Major  contradts  let 
to  date  include  construction  of  the 
tunnels,  processing  of  concrete  aggre- 
gates, and  placement  of  various  stages 
and  zones  of  the  fill. 

Early  Investigations 

Early  investigations  by  P.F.R.A. 
were  directed  toward  finding  a site  in 
the  Cabri  reach  of  the  river  to  divert 
water  through  the  Whitebear  Depres- 


sion for  irrigation  in  the  vast  Elrose- 
Rosetown  - Outlook  - Saskatoon  area. 
Fig.  1 shows  six  different  sites  on 
which  the  consulting  geologist  sub- 
mitted recommendations.  Three  of 
the  more  favorable  sites,  3,  4 and  5, 
were  drilled.®  Fig.  2 shows  the  loca- 
tions and  geologic  profiles  along  the 
centrelines.  Although  the  program 
was  limited  and  presented  only  a 
gross  picture  of  the  geology,  it  was 
sufficient  to  reveal  rather  surprising 
and  somewhat  discouraging  conditions 
in  the  valley  bottom.  Prior  to  the  last 
glaciation,  an  ancesRal  river  cut  a 
deep  valley  at  these  locations  into  the 
bedrock  Bearpaw  and  Belly  River 
formations.  The  river  then  aggraded 
depositing  between  150  to  200  ft.  of 
sand  on  the  valley  bottom.  A later 
ice  sheet,  most  likely  the  last  in  this 
area,  mantled  the  valley  and  adjacent 
uplands  with  till.  However  this  till 
was  not  thick  enough  to  mask  the 
\alley  completely,  and  a shallow, 
trough-like  depression  survived  the 
glaciation  to  become  a natural  course 
for  postglacial  drainage,  now  known 


as  the  South  Saskatchewan  Rivei 
This  river  cut  into  the  till  and  i, 
some  cases  into  the  underlying  sant! 
to  an  elevation  of  roughly  1700  ft. 
and  then  entered  a period  of  aggrad 
ation  continuing  to  'the  present.  Thi 
geologic  profiles  of  Fig.  2 indicat; 
the  river  is  not  accurately  supeiposec 
on  the  course  of  its  predecessor  ove: 
the  full  reach  between  Sites  4 and  5 : 

Concurrent  investigations  indicatec 
a dam  at  any  one  of  the  three  Cabr. 
sites  would  have  several  shortcom 
ings.  Costs  of  the  spillway  and  rivei 
diversion  structures  relative  to  the 
volume  of  storage  would  be  veiy  high 
Considerable  valuable  agricultura! 
land  in  the  valley  and  in  low-lying 
land  adjacent  to  the  valley  would  be 
inundated.  In  addition,  agricultural 
soil  suiweys  indicated  that  much  ol 
the  land  in  the  Elrose-Rosetowai  dis- 
trict originally  considered  for  irriga- 
tion had  too  high  a clay  content  and 
was  not  suitable  for  irrigation.  In- 
vestigations were  then  suspended  in 
the  Cabri  reach  of  the  river  and  di- 
rected toward  the  Elbow-Outlook 
reach,  where  a dam  could  divert 


Fig.  1.  Drainage  Map  Showing  Sites  under  Construction  and  Other  Sites  Investigated. 
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GEOLOGIC  PROFILES 

LOOKING  DOWNSTREAM 


1600-  -1600 


EAST  SIDE 


SITE  5 


WEST  SIDE 


SCALE 


2000  4000  6000  BOOO 

FEET 


PROFILE 

HORIZONTAL  SCALE 


2000  4000 

FEET 


LEGEND 
GLACIAL  TILL 

RIVER  SAND 


BEDROCK 

Fig.  2.  Sites  4 and  5 along  the  Cabri  Reach  of  the  River. 


valcr  down  the  Qu’Appelle  Valley  as 
veil  as  service  irrigate  areas  in  the 
lisirict  cast  of  Outlook  and  in  the 
)r(!vionsly  mentioned  Outlook-Saska- 
oon  district  west  of  the  river. 

I'ig.  I shows  the  four  sites,  7,  S, 
|J  and  10,  s(”lectc'd  for  study  along 
jlie  I'dhow-Ontlook  reacdi.  Inxestiga- 
ions  at  Sites  7 and  9 were  ahandoned 
foon  alter  comparative  studies  with 
hies  S and  10  indicated  st'verc'  jn'ol)- 
iMiis  with  res|)eel  to  eonsiruclion  ma- 
erials,  s|)illway  location,  and  fonnda- 
ion  conditions,  In  addition,  s'oinnu'  of 
'lorage  was  eonsiderahly  less  than 
liai  oi  Site  S oi-  10.  A limited  test- 
lolc  investigation  at  Site  9 indicated 
he  picsent-day  river  cut  its  \.dle\ 
iilo  a deeper  1 ill-in(illed  \alle\  that 
iresiiMisly  was  eroded  into  the  Ih'ar- 
>a\\  shah'  lormation  hy  some  .in- 
■estr.d  South  Saskalehew  an  Itixer. 
■ig.  t indicates  the  prominent  gen- 
ogK-  lealnres  ol  .Site  9.  It  is  a])p.n- 
■iil  the  v.dley  at  this  site  h.is  nndei 
tone  .1  genlogit’  development  some 
\h.il  similar  to  that  ne.n  Sites  .'v  1 

ind  n in  1 III'  ( ',d>i  i re.ieli. 

Until  ,Si|('  S .111(1  .Site  10  weie  in- 


vestigated to  considerable  detail  be- 
fore a decision  was  made  in  favor  of 
Site  10,  now  known  as  the  South  Sas- 
katchewan River  Damsite.  The  gco- 
ology  of  this  site  will  be  diseussed 
in  detail  under  a later  heading.  Site 
S entailed  a particularly  difficult  spill- 
way location  and  a volnnu*  of  fill 


much  grcxiter  than  that  of  Site  10.  Fig. 
4 shows  the  subsurface  geology  as  re- 
vealed by  testholes  drilled  along  the 
centreline  of  the  site.  Significant 
characteristics  of  the  bedrock  include 
the  prixlominance  of  sandv'  shale  and 
sandstone.  Tht'se  sandv’  facies  ma\’ 
represent  the  Rellv’  River  sandstone 


Fig.  3.  (ieologic  Profile  of  Centerline  of  Site  » along  the  Flbow-Oullook  Reach  of 
the  River. 
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Fig.  4.  Geologic  Profile  of  Centerline  of  Site  8 along  the  Elbow-Outlook  Reach  of  the  River. 

Fig.  5.  Mosaic  and  Topographic  Plan  of  South  Saskatchewan  River  Damsite. 
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Fig.  6.  Geologic  Profile  of  Centerline— South  Saskatchewan  River  Damsite. 
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oimation  and  transitions  to  the  over- 
jying  Bearpaw  shale  formation.  Bed- 
l-ock  in  the  far  west  abutment  ap- 
pears to  be  directly  overlain  by  a 
[•elativcly  thick  stratum  of  lacustrine 
.ilt  and  clay.  Both  abutments  incor- 
borate  till,  which,  near  station  40+40 
i)f  tho  east  side,  has  a noteworthy 
bickness  of  up  to  100  ft.  Both  are 
nantlod  by  a thin  deposit  of  lacus- 
n ine  sand  and  silt.  The  broad  and  flat 
low-lying  bench  west  of  the  present- 
lay  valley  has  a mantle  of  fine  sand 
111(1  silt  overlying  a thin  stratum  of 
ill,  which  in  turn  overlies  bedrock. 
\ fonner  course  of  the  river  is  indi- 
cated at  the  western  limit  of  this 
irca.  Since  abandonment  by  the 
livci',  this  immediate  area  has  been 
covcrcxl  by  up  to  50  ft.  of  highly 
plastic  (jlay,  thought  to  be  mainly 
slope;  wa.sh  from  the  nearby  west 
abutment.  The  cast  abutment  appears 
to  have;  undergone  considerable  niove- 
ineiit  when  the  river  was  ncnir  its 
lowest  lev(4  of  erosion.  Here,  shale 
and  I ill  debris  appears  to  be  ovea  lain 
by  nj)  to  00  ft.  of  sand  depositexl  by 
I be  river. 


As  construction  of  dam  at  Site  8 or 
Site  10  would  necessitate  a dam  on 
the  Qu’Appelle  Valley,  a site-selection 
program  was  carried  out  along  the 
valley.  Such  a dam  would  not  only 
prevent  escape  of  water  to  'the  east, 
but  would  also  serve  as  a crossing 
for  the  Canadian  Pacific  Railroad 
leading  north  to  Elbow.  A major  con- 
sideration in  the  'location  of  the  dam 
was  that  an  easterly  location  would 
result  in  increased  storage  but  at  ex- 
pense of  an  increased  length  of  re- 
located railroad.  Both  foundation  and 
topographic  conditions  vary  widely 
along  the  valley,  and  it  was  necessary 
to  investigate  a total  of  five  sites  to 
arrive  at  a satisfactory  solution.  These 
sites  are  indicated  on  Fig.  1 and  Fig. 
11.  'I'he  tcsthole  drilling  indicated 
the  geology  of  the  valley  bottom 
v'arics  markedly  over  a reach  of  34 
miles.  4’he  Summit  Site  was  selected 
as  the  most  satisfactory  site  for  the 
dam,  which  is  to  l)e  known  ;i.s  the 
Qu’Appelle  River  Dam.  Ceology  of 
this  site;  idong  with  a limited  discus- 
sion on  ge'ologie  (le\elopment  of  the 


valley  will  be  discussed  under  a later 
heading. 

Geology  of  the  South  Saskatchewan 
River  Damsite 

A mosaic  and  topogi'aphic  plan  of 
the  vicinity  of  the  main  site  are  given 
in  Fig.  5.  Fig.  6 is  a geologic  profile 
of  the  centreline;  Fig.  7 is  a profile 
showing  the  prominent  features  of  the 
geology  on  the  west  side  of  the  site. 

Bearpaw  Shale  Formation:  The 
Beaqyaw  shale  formation  of  Upper 
Cretaceous  age  underlies  the  ehaft  at 
this  site.  The  formation  is  of  marine 
origin  and  commonly  dark  gre\'  in 
color.  Bulk  of  the  fonnation  is  a clay 
.shale.  Lenses  and  zones  of  silt\'  and 
sandy  shale  and  sandstone  are  present 
to  a lesser  amount.  La\'ers  of  benton- 
itic shale  have  been  identified  but 
are  uncommon.  Textural  classification 
tests  indicate  the  average  shale 
sample  is  composed  of  roughb'  507 
clay  sizes,  33%  silt  sizes  and  17% 
sand  sizes.  Tests  on  sandstone 
sample's  indicate  up  to  4(h  of  the 
material  lies  in  the  sand  size.  It  is 
pertinent  to  note  that  main  samples 


Fig. 


Cifologic  I’rofilc  .-Veros.s  Deltaic  .Sceliiiicnts  on  NN'est  .Side  ol  Main  Damsite. 
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commonly  described  as  sandstone  by 
geologists  bave  Atterberg  limits  that 
would  classify  them  as  medium  to 
highly  plastic  in  the  Unified  Soil 
Classification.  Tests  to  identify  the 
type  of  clay  in  the  shale  have  been 
made  by  several  investigators.  Chris- 
tiansen® tested  samples  from  the  Swift 
Current  area,  some  60  miles  south- 
west of  the  site,  and  found  mont- 
morillonite  to  form  between  80%  and 
85%  of  the  samples,  illite  to  form  be- 
tween 15%  and  20%,  and  traces  of 
kaolinite  to  be  present.  The  shale  has 
no  cementing  agent.  Accordingly, 
upon  exposure  to  weathering  ele- 
ments, it  absorbs  water,  swells  and 
soon  slakes  into  a highly  plastic  clay. 

The  structure  of  the  shale  appears 
to  range  between  massive  and  faintly 
bedded.  Tbe  few  bentonite  layers 
that  are  present  range  up  to  1 ft.  in 


thickness  and  are  well  defined  and 
appear  to  persist  laterally  over  limited 
distances.  Both  vertical  and  lateral 
textural  changes  in  the  sandstone  and 
sandy  and  silty  facies  of  the  shale 
are  seldom  abrupt  and  are  often 
poorly  defined.  The  sandy  facies  seem 
most  prevalent  in  elevations  above 
1720.  However  a deep  testhole, 
RD639,  in  the  SE  2-27-2-3  en- 
countered clay  shale  between  eleva- 
tions 1750  and  1450  and  sandstone 
and  sandy  shale  from  elevation  1450 
to  the  bottom  of  the  hole  at  elevation 
1335.  Slickensides  and  localized  joints 
with  warped  surfaces  are  character- 
istic of  the  shale  in  the  upper  zones 
but  appear  to  diminish  in  frequency 
with  depth. 

Regional  dip  is  southeasterly  and 
in  the  order  of  a few  feet  per  mile. 
The  formation  is  felt  to  be  devoid 


of  any  faulting  or  folding  in  the  im 
mediate  site  area.  The  strata  are  cott 
sidered  to  be  nearly  flat-lying  with 
strike  and  dip  values  of  no  practical 
significance. 

Isolated  plateau  remnants  of  flat- 
lying  Tertiary  sriata  in  the  southwest 
corner  of  the  province  suggest  up  to 
2500  ft.  of  bedrock  has  been  eroded 
from  the  damsite  areas. Much  of 
this  is  undoubtedly  due  to  preglacial 
subaerial  erosion  with  lesser  amounts 
due  to  subsequent  glacial  erosion.  It 
is  suggested  that  in  preglacial  times 
the  Bearpaw  shale  formation  was 
highly  dissected,  giving  rise  to  a bad- 
land topography. 

Significant  postglacial  physical  dis- 
turbances suffered  by  the  shale  in- 
clude early  postglacial  slumping  along 
the  valley  and  deep  tributaries,  a 
limited  amount  of  present-day  slope 
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Fig.  8.  Regional  Distribution  of  Surficial  Deposits.  || 
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Fig.  9.  Boulder-studded  Till  Erosion  Surface  in  Coteau  Creek  Valley. 


Imovcment,  and  effects  of  near-surface 
ivveatliering  such  as  increased  moisture 
jcontent,  loss  of  strength  and  de- 
[crcased  density.  Engineering  proper- 
jties  including  rebound  phenomena 
lare  well  described  by  two  previously 
[mentioned  papers  by  Peterson. 

I Cllacial  Geology:  Distribution  of 
siiificial  deposits  in  the  region  of  the 
jsites  is  given  in  Fig.  8.  The  topo- 
graphically high  areas  forming  a 
linajor  portion  of  the  map-area  are 
'commonly  glacial  till.  Areas  lying  at 
|lower  elevations  including  upland 
jareas  adjacent  to  the  South  Saskat- 
jcliowan  River  Valley  and  the  Qu’- 
Appelle  Valley  are  mainly  glacio- 
lacnstrinc  deposits  of  clay,  silt  and 
sand.  These  areas  were  the  scenes 
of  glacial  lakes  ponded  against  the 
lice  front  as  it  retreated  to  the  north- 
icast,  which  is  the  general  direction 
lof  the  regional  dip  of  the  land  .sur- 
jfacc.  More  recently,  many  of  the 
Isandy  deposits  have  been  reworked 
by  the  wind  into  dunes. 

Studies  of  the  bedrock  surface  and 
depth  of  drift  were  made;  in  the  im- 
mediate site  area  by  Mollard”  and 
over  a much  wider  area  more-  ic- 
(ciitly  by  Scott."’  h’ig.  7,  the  prolile 
of  the  west  side  of  the  site,  shows  a 
di  if  t-in(  illed  valley  underlying  Hud- 
son’s bay  Coulee  (Stations  2{)-|-()0  to 
70-1  00).  Mollard  suggests  this  \alley 
is  of  picglaeial  origin  and  that  it 
eonlinnes  southeasterly  to  intersect 
the  (,)n’Appelle  N'alley  at  a point  some 
tliiity  ii\'e  miles  distant.  Scott’s  iceent 
more  regional  work  eonlirms  the 
evistenee  oi  this  \alley  but  indirates 
the  \alley  likeK'  originates  at  a point 
loni  miles  north  ol  Elbow  and  dr.iins 
noi  thw cstei  l\'.  I’resent  thoughts  on 
the  matter  suggest  there  is  me.igre 
e\i<lenee  ol  .ni\  m.ijoi  leatines  ol 
local  preglacial  dr, linage  and  ih.il  the 
\alle\'  is  possibK  an  ice  m.ugin.il 
eh.mnel  ol  some  ice  sheet  pi  lor  to  the 
l.isl 

I he  inlilled  valle\-  imdeib  ing  lliid 
sons  Ha\  (’onlei'  appears  to  lepresent 


the  lowest  local  base  level  of  erosion 
existing  prior  to  the  last  glaciation. 
At  least  80  ft.  of  gravelly  sand  lies 
in  the  gut,  and  this  is  overlain  by  ap- 
proximately 100  ft.  of  till.  In  this 
\alley  east  of  the  river,  no  substan- 
tial thickness  of  this  gravelly  sand 
strata  overlies  the  bedrock,  but  the 
depth  of  till  approaches  240  ft.  Mol- 
lard” assigns  a pre-Wisconsin  date  to 
the  lower  levels  of  the  till  deposit  on 
basis  of  relatively  high  wet  densities, 
that  generally  range  between  138  to 
14.5  lb.  per  cu.  ft.  Wet  densities  of  the 
upper  levels  of  the  till  deposit  and 
nearby  near-surface  till  normally  range 
between  130  and  135  lb.  per  cu.  ft. 
The  older  till  seems  to  be  character- 
ized by  an  abundance  of  sand  and 
gravel,  occurring  as  seams,  lenses, 
local  pockets  and  even  rather  exten- 
sive beds.  However  these  may  be  a 
result  of  deposition  in  a valley  en- 
\'ironment  and  may  not  be  present  to 
the  same  degree  in  the  old  till  where 
it  mantles  upland  areas. 

Evidence  of  interglacial  deposits 
separating  the  older  till  from  the  most 
recent  is  not  well  defined  nor  e\’er\’- 
where  present.  E\'idence  is  cited  by 
.Mollard,”  who  interprets  testhole  data 
in  the  \icinity  of  Station  644-00,  Fig. 
7,  to  i'eprc‘S('nt  a northeastmly  trend- 
ing chaniK'l  c'ut  into  tlu'  olch'r  till 
and  bedrock  and  infilled  with  SO  ft. 
ol  sand  and  gras'cl,  which  in  turn 
is  ox'erlain  by  the  till  of  the  most  re- 
cent ic'c  shei't.  Tliis  ii-e  sheet  liki-h 
bl.inketed  the  entire  area  with  till; 
evidence  ol  tliii-k  ileiiosits  exists  on 
llie  east  side  of  tin-  main  \alle\  ;nid 
noi  lli  ol  ( Oilcan  ( ireek  \ allev . 

I'omI  glacial  (ùo/ogi/.  The  post- 
I'laei.il  liislorx  ol  the  are.i  ent.iils  .i 
lel.iliv  eh  wi-ll  delini'd  snei  ession  ol 
events  ol  both  erosion  .md  deposition 
ol  V .isl  vdlnmes  ol  sediments  In  .id 
dition.  dining  this  peiiod  the  site  wit 
nessed  l.uge-se.ile  slope  movement 
into  the  iii.iin  v.illev  .mil  ( ote.m  ( rei'k 
\ .illev  . .ib.mdonment  ol  the  \neilev 
( li.mnel  .IS  ,1  m.ijoi  di.iin.igi'  le.ilme. 


and  a reversal  in  direction  of  flow  of 
the  South  Saskatchewan  River.  An 
end  result  is  that  construction  ma- 
terials of  pervious  and  impervdous 
fill,  concrete  aggregate  and  riprap  are 
available  in  adequate  quantities  with- 
in noteworthy  short  hauling  distances. 
However  these  same  events  also  pro- 
duced significant  engineering  prob- 
lems that  have  required  special  con- 
sideration in  the  design  of  the  dam. 
Outstanding  of  these  are  the  control 
of  seepage  through  approximately  100 
ft.  of  river-deposited  sands  underly- 
ing the  main  fill,  prevention  of  re- 
activated movement  in  now-dormant 
slump  zones  in  the  abutments,  and 
control  of  seepage  in  various  deltaic 
sediments  in  the  upper  portion  of  tlie 
west  abutment. 

Mollard”  and  Scott^”  support  Ed- 
munds” contention  that  the  last  ice 
sheet  retreated  locally  in  a north- 
eastern direction,  and  that  the  ice 
front  remained  stationary  for  a con- 
siderable period  along  a line  just 
northeast  of  the  Anerley  Channel, 
northeast  of  the  river  vallev'  from  the 
site  upstieam  to  Elbow’,  and  north- 
east of  the  Qu’Appelle  Vallex’.  During 
this  period,  meltwater  from  the  ice 
front  north  of  the  Anerley  Channel 
and  from  stagnant  ice  on  the  hills 
south  of  the  Anerley  Channel,  and 
later  from  glacial  Lake  Rosetovvn, 
w’hich  lay  to  the  northwest,  was  chan- 
nelled southeasterly  along  the  ice 
front  into  the  Qu’Appelle  \'alle\-. 

The  following  chain  of  events  is 
thought  to  represent  the  significant 
historical  features  of  this  particular 
period  of  the  postglacial  historv-  in  the 
site  area. 

1.  Meltwater  rapidlv-  Howing  along 
the  ice  front  eroded  a valley  along 
its  course  to  the  .southeast.  .\n  early 
phase  of  this  vallev’  is  represented  by 
a w ide  bench,  studded  w ith  boulders 
and  King  along  the  south  side  and 
to  a lesser  extent  the  north  side  of 
the  .\nerlev-  Channel.  Elevations 
rangi'  between  20(K)  and  2t).5t1,  some 
150  to  200  ft.  above  the  floor  of  the 
\neilev  Chaniiel.  The  limit  ol  dovvu- 
eiitling  by  the  meltwater  and  the 
prob.ible  end  of  this  p.utieul.ir  epi- 
sode .lie  m.irketl  bv'  an  extensive  ero- 
sion snrf.iee  now  buried  muh  i 100 
to  150  ft.  of  glaeio -deltaic  sediments 
on  the  west  side  ol  tin'  site  kig.  o .uul 
7 indie. ite  th.U  hen'  the  erosie  - sm 
f.iee,  which  is  ivn  till  or  b.  dienK  h.ss 
,m  elev.itioii  of  appn'xim.io  lv  . . '-'V 
simgcvting  th.it  up  tt'  lltO  t e t 11 
m.iv  li.iv  e been  eiode>!  Toni  i m .ji., 

1 in  '*  shows  IV-iit'C'  of  l'  - cio  e i 
sml.ieo  expe--id  .il  ' ' •-  ' ■.  i<  k 

\ .illev  ■•s.  -ihe.i^l' dv  !■  ' it!:  - 

subséquent  iv'"-  " E .■  4 

but  low  i-.ol  * ..  I Eti 
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Fig.  10.  Geologic  Profile  of  Centerline— Qu’Appelle  River  Danisite. 


2.  The  foregoing  interval  of  erosion 
was  followed  by  one  of  deposition. 
Flow  of  meltwater  down  the  Qu’- 
Appelle  was  dammed,  or  at  least 
constricted,  possibly  by  a local  re- 
advance of  the  ice  sheet.  Glacial  Luck 
Lake,i®  a northward  extension  of 
glacial  Lake  Beechy,®  formed  in  the 
low-lying  areas,  and  a large  delta, 
covering  some  15  square  miles,  de- 
veloped over  the  triangular-shaped 
area  now  bounded  by  Coteau  Creek, 
the  South  Saskatchewan  River  Val- 
ley and  a line  running  southeasterly 
through  Dunblane.  Maximum  lake 
level  was  in  the  order  of  1950,  as 
evidenced  by  elevation  of  the  deltaic 
deposits  and  the  lacustrine  deposits 
east  of  the  site.  Fig.  7 shows  that  a 
depth  of  at  least  200  ft.  of  gravelly 
sand  was  deposited  as  deltaic  sedi- 
ments on  the  erosion  surface. 

3.  This  episode  was  marked  by  re- 
sumption of  flow  down  the  Qu’Ap- 
pelle Valley,  a lowering  of  lake  level, 
and  erosion  of  a portion  of  the  previ- 
ously deposited  deltaic  sediments  from 
the  west  side  of  the  site.  The  initial 
fall  in  lake  level  caused  meltwater 
flow  across  the  delta  to  be  concen- 
trated to  three  main  distributaries. 
One  trended  southeasterly  through 
Dunblane;  the  second  headed  more 
easterly  one  mile  north  of  Dunblane; 
the  third  had  a northeasterly  bearing 
across  the  immediate  site  area.  Fur- 
ther lowering  of  the  lake  level  saw  a 
deepening  of  the  most  northerly  chan- 
nel and  abandonment  of  the  two 
southerly  channels.  Flow  down  the 
most  northerly  channel  eroded  all  of 
the  deltaic  sediments  from  a triangu- 
lar-shaped area,  now  defined  by  Co- 
teau Creek,  Hudson’s  Bay  Coulee,  and 
the  South  Saskatchewan  River  Valley. 
This  area,  locally  known  as  the  Pla- 
teau, is  shown  in  Fig.  5. 

4.  Again,  flow  down  the  Qu’Ap- 
pelle Valley  was  constricted  and  a 
ponded  water  environment  prevailed 
in  the  site  area.  The  level  of  glacial 
Luck  Lake  was  much  lower  than  that 
during  the  previous  laking  episode, 
and  the  lake  was  confined  to  the  Pla- 


teau area  and  along  the  main  melt- 
water channel  to  the  southeast. 
Roughly  100  ft.  of  deltaic  sediments 
of  sand  and  gravel  was  deposited  on 
the  erosion  surface  at  the  apex  of  the 
delta  (west  end  of  the  Plateau)  and 
a similar  thickness  of  interbedded 
clay  and  silt  was  deposited  on  the 
erosion  surface  in  the  deep  water  en- 
vironment that  existed  along  the  east- 
ern edge  of  the  delta. 

5.  Resumption  of  flow  down  the 
Qu’Appelle  Valley  marks  the  begin- 
ning of  this  episode.  Glacial  Luck 
Lake  began  to  drain  and  at  the  close 
of  the  episode  had  disappeared.  Dur- 
ing the  fall  in  lake  level,  two  deltaic 
distributaries  developed.  Their  loca- 
tions are  now  marked  by  Coteau 
Creek  Valley  and  Hudson’s  Bay 
Coulee.  Downcutting  of  these  two 
channels  continued  to  about  elevation 
1800,  when  flow  down  the  Anerley 
Chamiel  ceased.  This  abandonment 
of  the  Anerley  Channel  as  a major 
outlet  for  glacial  Lake  Rosetown  was 
caused  by  the  creation  of  a lower 
northern  outlet,  uncovered  by  the  ice 
sheet  as  it  retreated  to  the  northeast. 
The  new  outlet  carried  meltwater 
northeasterly  and  then  southeasterly 
back  to  the  site  area  to  join  up  with 
the  existing  meltwater  channel  lead- 
ing southeasterly  and  along  the  Qu’- 
Appelle  Valley. 

Continued  recession  of  the  ice  front 
to  the  northeast  uncovered  still  lower 
areas  that  permitted  the  escape  of 
meltwater  to  the  east  and  north. 
Accordingly  the  southeastern  flow  of 
meltwater  toward  Elbow  and  down 
the  Qu’Appelle  Valley  ceased.  The 
Qu’Appelle  Valley  was  also  aban- 
doned as  a major  drainageway  by 
meltwater  flowing  easterly  along  the 
early  South  Saskatchewan  River  Val- 
ley in  the  Beechy  area.  This  flow 
made  an  abrupt  turn  to  the  north- 
west in  the  vicinity  of  Elbow  and 
I lowed  northwesterly  past  the  site  and 
along  the  course  that  was  previously 
followed  by  meltwater  flowing  south- 
easterly. 

Eurther  retreat  of  the  ice  to  the 


north  and  drainage  of  proglacial  lakes 
permitted  deepening  of  the  valley  by  j 
the  river  to  elevation  1530  or  there-  ' 
about  in  the  site  area.  River  down-  I 
cutting  was  first  in  both  till  and  shale,  i 
but  from  elevation  1560  to  about  i 
1530,  all  vertical  erosion  was  likely  | 
in  shale.  During  this  time  there  was 
virtually  no  flow  down  Hudson’s  Bay  i 
Coulee.  However,  there  was  sufficient  | 
flow  down  the  Coteau  Creek  Valley,  | 
mainly  from  local  runoff  and  springs,  j 
to  erode  a deep,  V-shaped  valley  with  ' 
an  accordant  junction  with  the  river.  ' 
Stream  gradient  along  the  lower  one  i 
and  one-half  mile  reach  was  in  excess  5 
of  100  ft.  per  mile.  Mollard®  suggests  ’ i 
this  downcutting  stage  precipitated  i 
wholesale  slumping  of  the  shale  slopes  ' ; 
along  the  lower  reaches  of  the  creek.  ; 

Testholes  into  the  deep  bedrock  i 
gut  of  the  main  valley  reveal  local 
deposits  of  up  to  25  ft.  of  highly  plas-  , : 
tic  clay  overlying  bedrock.  This  ma-  ' 
terial  may  be  of  colluvial  origin  from 
the  adjacent  shale  slopes  or  it  may  be 
a result  of  a “quiet-water”  environ-  ' 
ment  that  may  have  prevailed  when 
the  river  was  at  its  lowest  elevation.  ' 
Regardless,  deposition  of  this  clay  ' 
was  followed  by  an  extended  period  | 
of  alluviation  during  which  up  to  100  | 
ft.  of  sand  was  deposited  by  the  north-  ; 
erly  flowing  river.  j 

Early  stages  of  this  period  of  river  I 
alluviation  seem  to  have  witnessed 
the  sliding  of  considerable  volumes  of  i 
shale  and  till  into  the  main  valley  jj 
from  the  east  side.  As  far  as  is  known  I 
to  date,  slope  movement  at  this  time  | 
occurred  along  a reach  beginning  at  , 
a point  opposite  Hudson’s  Bay  Coulee  j 
and  continuing  north  to  a point  just 
downstream  of  the  main  damsite.  Fig.  ; 
6 shows  roughly  15  ft.  of  river-de- 
posited sand  underlying  the  slide  i 
debris.  The  much  greater  thickness 
of  sand  overlying  the  debris  must 
have  been  deposited  after  the  slide 
occurred.  This  rather  early  date  of  ' 
movement  is  reflected  in  the  air  photo  , 
pattern,  which  shows  only  the  faintest  ! 
semblance  of  the  characteristic  sur- 
face expression  of  areas  subjected  to 
slumping.  Other  areas  in  the  vicinity  i 
of  the  main  damsite,  such  as  on  the  j 
east  side  downstream  of  the  site,  on  j 
the  west  side  upstream  of  the  site,  and  ; 
along  the  lower  reaches  of  Coteau  j 
Creek,  show  surface  indications  of'i> 
later  movements.  The  air  photos  sug-  i 
gest  the  slope  on  the  east  side  down-  ' 
stream  of  the  main  damsite  has  , 
undergone  the  most  recent  move-  ; 
ment  or  is  moving  at  present.  Here,  j 
evidence  of  old  trails  and  fence  lines 
that  have  been  abandoned  because  of 
large  cracks  opening  the  ground  sur-  ; 
face  suggests  the  movement  is  of  a ,i 
creep  nature.  ' 

Other  more  recent  geologic  pro- , 

k 
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cesses  might  include  the  deflation  of 
I the  sandy  and  silty  lacustrine  sedi- 
iments  on  the  east  side  roughly  two 
'miles  upstream  of  the  main  damsite. 
Here,  winds  have  scoured  off  several 
feet  of  sand  and  silt  to  reveal  terrace 
gravels  as  well  as  the  boulder-studded 
till  erosion  surface.  The  build-up  of 
local  dunes  up  to  5 ft.  high  accom- 
panied the  deflation. 

River  Sand 

A significant  geologic  feature  in- 
fluencing design  of  the  main  dam  is 
the  deep  infilling  of  sand  in  the  val- 
ley bottom.  Early  geologic  intepreta- 
'tions  of  limited  testhole  data  suggest 
the  valley  was  eroded  into  bedrock 
'to  about  elevation  1530  by  an  early 
jice  sheet  and  was  left  infilled  with 
ice,  till,  sand,  silt,  clay,  and  outwash 


resulting  from  the  near-glacial  en- 
vironment.^ The  theory  further  sug- 
gests that  most  of  these  original  de- 
posits still  remain  in  situ.  Postglacial 
erosion  is  thought  to  have  removed 
only  a few  feet  of  the  material,  which 
was  more  or  less  subsequently  re- 
placed by  river  aggradation. 

Such  an  origin  for  the  valley  im- 
plies a rather  heterogeneous,  complex 
infilling,  which  could  have  consider- 
able influence  on  the  amount  and  lo- 
cation of  seepage,  and  the  type,  depth 
and  effectiveness  of  cut-off  under  the 
main  dam.  In  1951-52,  a special  test- 
hole  program  was  initiated  to  secure 
detailed  engineering  data  on  the  val- 
ley infilling,  particularly  its  perme- 
ability, density  and  shear  strength.  In 
addition,  a detailed  petrologic  study 
was  undertaken  to  parallel  the  engi- 


neering studies  and  to  secure  data 
on  the  geologic  nature  of  the  sedi- 
ments.^^ 

These  later  studies  reveal  the  in- 
filling to  be  mainly  sand  and  con- 
siderably less  heterogeneous  than 
originally  suspected.  Sizes  run  be- 
tween fine  and  coarse  with  both 
gravelly  zones  and  clayey  zones. 
Geologic  studies  on  undisturbed 
samples  reveal  a fairly  prominent  cur- 
rent bedding  structure  with  dips  fre- 
quently ranging  about  10°  northerly. 
Conclusions  indicate  the  bedrock  gut 
of  the  valley  was  most  likely  eroded 
to  its  present  elevation  of  about  1530 
by  postglacial  river  action,  and  that 
the  valley  subsequently  underwent  a 
prolonged  and  possibly  uneventful 
period  of  aggradation  by  sands  de- 
posited by  the  north-flowing  river. 


I Fig.  11.  Map  and  Geologic  Profile  of  Western  Reach  of  Qu’Appelle  Valley. 
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There  must  have  been  some  period  of 
time  when  the  river  flowed  in  the 
very  bottom  of  the  gut,  and  accord- 
ingly the  adjacent  steep  shale  slopes 
were  exposed  over  their  full  height 
to  a subaerial  environment.  Signifi- 
cance of  this  is  that  stresses  tending 
to  cause  failure  in  these  shale  slopes 
were  likely  much  higher  at  that  time 
than  they  are  at  present.  This  theory 
on  origin  of  the  valley  is  further  sup- 
ported by  the  fact  that  a stratum  of 
soft  clay  lies  between  the  sand  and 
shale  at  certain  locations  in  the  bed- 
rock gut.  The  high  moisture  content 
and  low  density  of  the  clay  suggest 
it  was  never  loaded  by  ice  and  was 
never  subjected  to  a load  much 
greater  than  that  presently  overly- 
ing it. 

Geology  of  the  Qu’Appelle  River 
Damsite  (Summit  Site) 

The  Bearpaw  shale  formation  un- 
derlying this  site  appears  to  incor- 
porate considerably  more  sandstone 
and  sandy  shale  than  is  present  at  the 
main  damsite.  The  sandstone  has  a 
clay  and  silt  content  ranging  between 
25%  and  70%;  liquid  limits  range  be- 
tween 48%  and  70%.  The  structure  is 
very  similar  to  that  at  the  main  dam- 
site. The  strata  are  felt  to  be  flat- 
lying  witli  no  significant  strike  and 
dip  values. 

The  bedrock  gut  underlying  the 
valley  alluvium  extends  downward  to 
roughly  elevation  1665.  Fig.  10  shows 
the  thalweg  is  located  just  below  the 
north  abutment.  Contact  between  the 
bedrock  and  the  overlying  till  in  the 
north  abutment  is  about  elevation 
1790,  whereas  the  contact  in  the 
south  abutment  is  about  1815.  The 
north  abutment  is  mantled  by  up  to 
1.5  ft.  of  dune  sand  and  lies  along 
the  southern  limit  of  a semi-stabilized 
dune  area.  The  southern  abutment 
appears  to  be  covered  by  an  errati- 
cally distributed  deposit  of  sand  and 
gravelly  sand  up  to  15  ft.  thick,  which 
may  represent  a terrace  deposit.  At 
higher  elevations  back  from  the  val- 
ley, this  deposit  disappears,  and  the 
till  appears  at  the  surface. 

Tlie  material  infilling  the  bedrock 
gut  is  thought  to  represent  the  eastern 
zone  of  the  alluvial  fan  formed  by 
Summit  Creek  where  it  enters  the 
valley  from  the  south.  The  material 
is  mainly  a uniform  silty  sand  with 
local  strata  and  zones  of  clayey  sand 
and  gravelly  sand.  The  high  sand  con- 
tent of  the  alluvium  is  likely  due  to 
the  fact  that  Summit  Creek  passes 
through  an  active  dune  area  just  south 
of  the  valley.  The  dune  area  immedi- 
ately north  of  the  valley  also  has  made 
a contribution  of  sand  to  the  valley 
bottom  sediments. 

As  mentioned  previously,  a total  of 


five  sites  was  investigated  along  the 
34  mile  reach  of  the  Qu’Appelle  Val- 
ley extending  from  Elbow  easterly 
to  the  Third  Meridian.  Fig.  11  is  a 
plan  of  this  reach  and  a geological 
profile  of  the  valley  bottom  as  in- 
terpreted from  the  testhole  investiga- 
tions at  the  five  sites.  Early  post- 
glacial history  of  the  area  suggests 
that  an  ice  sheet  located  to  the  north 
diverted  meltwater  easterly  down  the 
Qu’Appelle  Valley.  When  this  sheet 
retreated  northerly,  lower  outlets  were 
uncovered  to  the  north,  and  the  val- 
ley was  abandoned  as  a major  drain- 
age feature.  Supposedly  since  that 
time.  Summit  Creek  has  been  build- 
ing up  an  alluvial  fan  in  the  valley 
bottom.  Local  drainage  along  the  val- 
ley from  the  west  has  been  insuf- 
ficient to  carry  this  debris  away,  and 
consequently  the  fan  has  become  a 
drainage  divide.  Most  of  Summit 
Creek  presently  flows  westerly,  but 
there  are  surface  indications,  readily 
visible  in  air  photos,  suggesting  east- 
erly drainage  in  the  past,  possibly  dur- 
ing times  of  flood. 

The  drainage  along  the  valley  for 
several  miles  west  of  the  site  is  very 
poorly  developed  because  of  the  very 
low  gradient,  little  runoff,  and  the 
influx  of  dune  sand  blown  into  the 
valley  from  adjacent  dune  fields. 
However,  in  the  vicinity  of  the  El- 
bow Crossing  Site,  drainage  to  the 
west  becomes  better  developed,  and 
a narrow  V-shaped  valley  leading  into 
the  South  Saskatchewan  River  Valley 
has  been  eroded  into  the  floor  of  the 
Qu’Appelle  Valley  by  Aiktow  Creek. 

That  portion  of  the  valley  between 
Elbow  and  the  C.P.R.  Crossing  Site 
is  floored  by  till  with  a thin  mantle 
of  sandy  alluvium.  At  the  Qu’Appelle 
River  Damsite,  some  five  miles  east 
of  the  Crossing  Site,  roughly  100  feet 
of  alluvium  infills  the  bedrock  gut. 
However  at  the  Ridge  Creek  Site, 
four  miles  east  of  the  Qu’Appelle 
River  Damsite,  the  depth  of  sandy 
and  silty  alluvium  overlying  bedrock 
is  at  least  275  ft.  Farther  east  along 
the  valley  the  depth  of  alluvium  de- 
creases, and  at  the  Third  Meridian 
Site  it  is  roughly  165  ft.  Here  the  al- 
luvium is  mainly  clay  with  a lesser 
amount  of  silty  sand.  It  is  remarkable 
the  geology  of  a valley  can  vary  so 
markedly  over  such  a limited  reach. 
An  explanation  of  events  leading  to 
this  particular  situatiori  awaits  re- 
sults of  current,  more  regional  studies 
by  the  Geological  Survey  of  Canada 
and  the  Research  Council  of  Saskat- 
chewan. 

Conclusions 

This  paper  has  attempted  to  fa- 
miliarize readers  with  certain  geologic 
aspects  that  have  exerted  varying  de- 


grees of  influence  on  the  preliminary 
site-selection  program  and,  at  a later 
date,  on  localized  investigations  of 
the  damsites  of  the  South  Saskatche- 
wan River  Project.  A particularly 
eventful  period  immediately  follow- 
ing retreat  of  the  last  ice  sheet  re- 
sulted in  deposition  of  a complex 
array  of  lacustrine,  deltaic  and  fluvial  ' 
sediments  on  till  and  on  the  Bearpaw 
shale  formation  in  vicinity  of  the  site 
for  the  main  dam.  The  disposition  of  • 
the  sediments  overlying  the  Bearpaw  i 
shale  at  the  site  for  the  Qu’Appelle  ■ 
River  Dam  is  relatively  straightfor-  ; 
ward;  yet  the  sequence  of  events  re- 
sulting in  these  deposits  as  well  as  ! 
those  at  other  sites  along  the  valley  . 
seems  complex  and  is  not  yet  fully 
understood.  ; 
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ADIO  ASTRONOMY  involves  the 
detection  of  extremely  weak  radio 
'gnals  from  sources  located  at  great 
listances  from  the  earth.  A radio  tele- 
‘•ope  is  essentially  an  antenna  of  high 
jircctivity  used  in  conjunction  with  a 
jaisitive  receiver  for  studying  the  in- 
I'lisity  and  distribution  of  these  sources, 
rhe  astronomical  interest  lies  mainly  in 
he  fact  that  the  distribution  of  regions 
if  radio  emission  is  dissimilar  to  that  of 
he  sources  of  light.  The  reasons  for  this 
ick  of  correspondence  are  now  well 
inown.  Firstly,  in  large  regions  of  space 
[•om  which  there  is  little  or  no  emission 
t optical  wavelengths  the  physical  con- 
itions  favour  the  emission  of  energy  at 
[idio  wavelengths.  Some  are  regions  of 
)niz(ïd  hydrogen  (H  II  regions)  while 
thers  are  regions  where  high  velocity 
l(!ctrons  exist  in  the  presence  of  a mag- 
(stic  field  (synchrotron  emission), 
econdly,  attenuation  of  radiation  by 
le  gas  and  dust  of  interstellar  siiace  is 


small  at  radio  wavelengths  whereas  it  is 
high  at  optical  wavelengths.  Thus  radio 
sources  can  be  detected  to  much  greater 
distances  than  optical  sources.  The  radio 
observations  are  obviou.sly  complemen- 
tary to  the  optical  observations  and  it  is, 
therefore,  understandable  that  in  recent 
years  there  has  been  interest  in  many 
countries  in  the  construction  of  radio 
telescopes. 

Whereas  in  the  oijtical  region  of  the 
spectrum  the  astronomer  has  a multi- 
tude of  spectral  lines  to  study,  only  one 
is  known  at  radio  frequencies.  But  the 
.study  of  this  one  line,  which  is  produced 
by  neutral  hydrogen,  is  of  the  utmost 
importance  since  neutral  hydrogen, 
which  occupies  much  of  the  interstellar 
space,  does  not  emit  at  oi)tical  wave- 
lengths. Radio  methods  permit  ex- 
tremely accurate'  determinations  of 
frequency  and  hence  the  motions  of 
celestial  objects. 

d'he  major  limitation  of  the  radio 


telescope  is  its  spatial  resolution  whicli 
is  orders  of  magnitude  poorer  than  the 
optical  telescope.  The  resohdng  power 
of  large  optical  telescopes  is  limited  b}' 
atmospheric  “seeing”  but  this  limit  has 
not  yet  been  reached  at  radio  wave- 
lengths. Increa.sed  re.solution  is  onh' 
achiewd  by  increasing  the  size  of  the 
telescope.  This  paper  deals  with  the 
problems  in\'olved  in  the  con.struction 
of  large  radio  telescopes.  While  man}'  of 
the  problems  are  the  same  as  those  for 
large  antennae  used  for  other  purposes 
man}'  arise  from  purely  astronomical 
considerations. 

Types  of  Radio  Telescopes 

The  two  most  important  properties 
of  a radio  telescope  are  its  angular 
resolution  or  beamwidth  and  its  energy 
gathering  power  or  effective  area. 

The  angular  separation,  A6,  of  two 
point  sources  of  incoherent  radiation 
which  can  just  be  resolved  by  a tele.scope 
(either  radio  or  optical)  is  given  by  the 
relation 

Ad  = a(\/D)  radians  (1) 
wlu're  I)  is  the  linear  dimension  of  the 
apc'rture,  A is  the  wavelength  in  the 
.same  units  as  D and  a is  a constant  near 
unity.  For  a uniformly  illuminated 
rectangular  aperture  a = 1 and  for  a 
circular  aperture  a = 1.22. 

From  (1)  it  is  evident  that  to  achieve 
the  .sanu'  n'soh  ing  i)owi'r.  a tek'scoi)e  for 
use  at  A = 10  metres  qlO  Me  s'  must 
ha\('  liiu'ar  dimensions  1000  times 
greater  than  a telescope  foi  use  at  1 cm. 
To  have  a resoh'iug  ])ower  ('<iual  to  that 
of  the  unaided  e}’e  ■;  I ’ of  arc'  a telc>coi>e 
for  use  at  10  metres  must  have  :in  aper- 
ture of  about  .’k")  kilometivs.  l \en  .'it 
A I cm.  an  ai'erture  of  alxuit  Sô 
met  res  is  I'eipiiri'il. 

If  the  radio  Hu\  to  be  measunil  is 
suliicieiit !}■  lai'ge  it  is  not  neccsxir}’  t - 
comiiletel}  till  the  aperture  tf  .■icl.ieve 
the  desill'd  resoK  iug  pow  er.  |•'ortlii..ltc'^ 
this  is  the  c:ise  ;it  long  \\  .'IV  elelict  ■ .I'ld 
as  ;i  result  :i  \;irict\  nf  mtcrfi'K'i.  t»; 
technique-  ha‘\e  liecn  U-cd  \t  ' alti 
bridge  \er>  large  .ijn  rtun  Ici  « 
s\nthcsized  b'-  combiiunc  m 'U  . n 

..nd  pha-  c.  o!-.:.cr'= .- tiiui-  t.  ' ■ 't 

two  element  ;ht<'- Il  ■ n t ‘ >'1  a U 

of  w Ir.  1:  is  e--  .It  - 
rh.  r -oi..tion  o 't.  I ' ■ 

tli.,t  w ,,  ,:=l:.  '.V.Cm 

w it  1»  a ‘ -IK-  ■ in 
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At  short  wavelengths  these  tech- 
niques can  no  longer  be  used  except  for 
the  strongest  sources.  The  flux  from 
celestial  sources  of  radio  energj^  may  be 
represented  by  the  relation 

W cc  X-  (2) 

where  the  spectral  index,  .r,  is  a positive 
number.  For  the  radiation  from 
the  galaxy  x = 0.37^  and  for  other 
sources  the  spectral  index  varies  from 
about  0.3  to  l.S.'^  The  flux  received  from 
all  sources  at  short  wavelengths  is  thus 
considerably  less  than  that  received  at 
long  wavelengths.  Also,  the  sensitivity 
and  stalnlity  of  present-day  i-eceivers  for 
the  shorter  wavelengths  are  normally 
lower  than  those  for  long  wavelengths. 
It,  therefore,  becomes  imperative  to 
utilize  the  full  aperture. 

To  further  increase  the  sensitivity  it  is 
necessar}'  to  integrate  the  receiver  out- 
put over  a considerable  inter\'al  of 
time.  The  diurnal  motion  carries  a point 
on  the  celestial  equator  through  the 
beam  of  a telescope  with  a beamwidth  of 
1’  of  arc  in  four  seconds  of  time.  Since 
integration  times  in  excess  of  100  sec- 
onds are  often  required  it  is  desirable 
that  the  telescope  be  capable  of  “track- 
ing’' or  “guiding  on”  a celestial  object. 
The  integration  can  of  course  be  per- 
formed by  combining  successive  records 
but  this  is  not  usually  convenient. 

The  design  which  most  easily  satisfies 
these  reciuirements  is  the  parabolic  re- 
flector. The  paraboloid  is  mounted  so 
that  it  can  be  rotated  about  perpen- 


dicular axes.  The  reflector  focusses  the 
radiation  on  a small  antenna  or  “feed” 
at  the  focus  of  the  paraboloid.  This  type 
of  telescope  has  the  additional  advantage 
that  it  is  broad-banded  or  achromatic  so 
that  the  frequency  response  is  limited 
only  by  the  teed,  which  is  usually  a 
narrow  band  device.  When  a change  of 
operating  frecpiency  is  required  it  is  a 
simple  matter  to  change  the  feed.  In 
some  cases  several  feeds  have  been 
mounted  at  the  focus  and  used  simul- 
taneousl}'.^ 

The  Parabolic  Radio  Telescope 

(a)  I'he  reflecting  surface  : As  is  the 
case  for  mirrors  of  optical  telescoijes  the 
surface  of  the  radio  telescope  must  con- 
form to  a true  paraboloid  of  revolution 
to  an  accuracy  of  better  than  a quarter 
of  a wavelength  if  the  theoretical  re- 
solution is  to  be  realized.  It  is  customary 
to  specify  that  the  errors  not  exceed  an 
eighth  of  the  shortest  wavelength  to  be 
used.  Thus  for  a telescope  to  operate  at 
the  important  wavelength  of  21  centi- 
meters the  maximum  departures  allow- 
able are  approximately  1 in.  The 
U.S.S.R.  has  recently  announced  the 
construction  of  a steerable  parabolic 
telescope  22  metres  in  diameter  with 
surface  errors  less  than  0.8  mm.  This 
telescope  has  been  tested  at  a wave- 
length of  8 mm.  where  it  has  a resolution 
of  1.'8  of  arc.® 

It  is  to  be  noted  that  the  required 
accuracy  of  the  surface  is  independent  of 
the  size  of  the  aperture.  As  the  size  of 


the  telescope  is  increased  it  becomes  in- 
creasingly difficult  to  achieve  the  neces- 1 
sary  accuracy  for  all  orientations  of  the  ; 
telescope  and  conditions  of  wind  load-  i 
ing.  For  extremely  large  telescopes  it  i 
will  become  impractical  to  build  struc-  ’ 
tures  of  sufficient  rigidity  and  it  . will  be  ! 
better  and  less  expensive  to  continuously  j ’ 
monitor  the  figure  of  the  dish  and  apply  i 
corrections  by  a servo  system.  The  ! 
monitoring  may  be  accomplished  by  an  ' 
optical  method  or  by  a radio  reflection  j 
technique  as  has  been  suggested  by  | 
Swarup  and  Yang.^  j 

It  is  difficult  to  define  uniquely  the 
opthnum  ratio  of  the  focal  length  of  the  1 
paraboloid  to  the  diameter  of  the  aper- 1 
ture  (F/D  ratio) . Normally  it  is  less  than  j 
0.25,  i.e.,  the  focal  lies  outside  the  aper-  ' 
ture  plane.  A small  F/D  ratio  has  the> 
advantage  that  the  amount  of  radiation  ' 
reaching  the  feed  from  the  ground  or 
other  sources  beyond  the  edge  of  the  ' 
dish  (spillover  radiation)  is  reduced.  It 
is,  however,  difficult  to  design  feeds, 
especially  the  horn  type  feeds  employed 
at  short  wavelengths,  which  adequately  , 
“illuminate”  the  entire  area  of  the  para- 
boloid. Focal  ratios  in  the  range  0.25 
to  0.5  have  usually  been  used,  the  exact 
value  seeming  to  be  a matter  of  personal 
preference.  ! 

The  surface  of  the  paraboloid  may  be  : 
a mesh  of  conducting  material  rather) 
than  a continuous  sheet  provided  thati 
the  holes  are  a small  fraction  of  a wave-  ' 
length.  The  transmission  of  the  mesh  is  i 
small  if  the  diameter  of  the  holes  is  less  i 
than  one-eighth  of  the  wavelength  used.  I 
However,  it  should  be  mentioned  paren-  i 
thetically  that  at  short  wavelengths  the  i 
radiation  from  the  warm  ground  is  con-  ' 
siderably  greater  than  that  from  the  sky  ; 
so  that  even  a small  percentage  trans-' 
mitted  by  the  surface  of  the  dish  may 
not  be  negligible.  As  receiver  design  im-, 
proves  and  the  noise  produced  in  the 
receiver  itself  is  decreased  the  contri- 
bution due  to  transmitted  ground  radia- 
tion will  become  more  important.  These 
remarks  apply  also  to  the  “spillover”! 
radiation  mentioned  above. 

(b)  Type  of  Mounting  : There  are  two' 
basic  types  of  mount — the  equatorial  oi  ! 
polar  axis  mount  and  the  altitude  and| 
azimuth  (alt-azimuth)  mount.  The  equa-; 
torial  mount  has  the  obvious  advantage! 
that  the  tracking  of  a celestial  object; 
requires  merely  a rotation  of  the  tele- 
scope about  the  polar  axis  at  the  constant  ;; 
rate  of  1 revolution  per  sidereal  day  - 
The  tracking  can  thus  be  achieved  with 
a synchronous  motor.  For  this  reason! 
the  equatorial  mount  is  the  obvious 
choice  for  small  or  medium-size  radio) 
telescopes. 

As  the  diameter  is  increased,  the! 
equatorial  mount  becomes  mechanically  ! 
difficult  and  serious  overhang  problems  |j 
arise.  In  the  polar  mounting  the  gravity! 
deformations  of  the  dish  are  a function  ol 


Fig.  2.  An  artist’s  conception  of  the  600-foot  radio  telescope  under  construction  for 
the  U.S.  Navy  at  Sugar  Grove,  West  Virginia  — an  example  of  the  alt-azimuth 
type  of  mounting. 
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ioth  altitude  and  azimuth  whereas  in 
he  altitude-azimuth  type  of  mounting 
he  gravity  deformations  are  single- 
valued  functions  of  altitude  only  and 
ompensation  is  more  easily  obtained, 
t has  been  estimated  that  the  increased 
roblems  involved  in  the  polar  mount 
jiecome  exce.ssive  at  about  a diameter  of 
.50  ft.®  It  is  likely,  therefore,  that  all 
'elescoj)es  larger  than  150  ft.  will  be 
,lt-azimuth  mounted, 
i The  alt-azimuth  mounting  recjuires 
ome  form  of  coordinate  conversion  com- 
•uter  to  effect  the  tracking  of  celestial 
ibjects.  This  computer  can  be  of  the 
nalogue  type  consisting  essentially  of  a 
hastc'r  equatoidal  drive  with  servo 
.(‘iierators  on  the  appropriate  axes.  The 
ew  210  ft.  radio  telescope  now  nearing 
ompletion  in  Australia  incorporates  a 
ovel  design  in  which  the  master  equa- 
prial  consists  of  an  equatorially  mounted 
iptical  telescope  at  the  centre  of  rota- 
ion  of  the  dish.®  A light  source  mountc'd 
n the  dish  itself  projects  a light  beam 
ito  the  t(>lcscope.  A photo-electric 
ysteni  ])roduces  an  error  signal  to  drive 
he  aximuth  and  altitude  motors  when 
he  light  source  does  not  lie  on  the  optic 
xis  of  the  tele.scope.  (Fig.  4.) 

(c)  Pointing  Accuracy  : When  a source 
f radio  (‘mission  passes  through  the 
entrai  lobe  of  the  radio  telescope  it  is 
o.ssible  to  det(!rmine  the  position  of  the 
laximum  of  the  recorded  profile  to 
etter  than  about  ]/20th  of  its  half- 
/idtli.  I'’or  a source  of  small  angular 
xh'iit  this  half-width  will  be  very  nearly 
qiial  to  M given  by  (1).  Thus  the 
laxiinum  driving  and  read-out  error 
jliould  be  given  by 

dax.  pointing  error  < (X/20/.))  radians 

(2) 


'or  an  .S*l  ft.  b'leseopc!  ojx'rating  at  21 
in.  the  maximum  allowable  error  from 
2)  is  approximately  1.5’  of  are. 

.\s  the  diameter  is  increased  it  be- 
nnies increasingly  diflicult  to  achieve 
lie  additional  accuracy  reiiuired  by  (2). 
''or  very  large  teiescopi's  to  be  used  at 
liort  wavelengths  it  is  unliki'ly  the 
Icsircd  accuracy  can  be  obtained  in  the 
hiving  gears  and  hearings.  .\  niastcr- 
la  ve  system  such  as  is  employi'd  iu  the 
\nstr:iliiin  telc-scope  would  appear  In  be 
lie  nh\  inns  solution  to  this  problem. 

riie  loundatioii  and  sujiporl  tower 
nusi,  ol  course,  be  sudicieni ly  rigid  to 
nainlain  the  axis  aligumeui  to  the  same 
ole  ranee.  I|,  is  desirabli'  to  |)aiut  I'x- 
loscd  surfaces  with  retlecling  paint  to 
educe  the  effect,  of  dil'l'ereul  ia  1 solar 
icaling  ol  the  su|)porl  structure. 

riie  feed  auli'ima  must,  be  rigidly 
uoimlcd  at  the  focal  point  of  the  para 
loloid  so  that  its  iiosiliou  does  not 
■liangc  with  orientation.  I smdly  the 
ced  IS  mounted  on  a tripod  or  qiiadru 
lod  const  rucli'd  of  dielectric  material 


Fig.  3.  The  Dominion  Radio  Astrophysical  Observatory'  near  Penticton,  B.C.  The 
84-foot  paraboloid  is  equatorially  mounted. 


anchored  in  the  framework  of  the  dish, 
although  a single  guyed  mast  has  been 
used.'®  Since  the  sujiporting  spars  will 
have  a small  effect  on  the  shape  of  the 
antc'ima  beam  it  is  probably  jireferable 
for  polarization  experiments  to  have  a 
siqiport  which  is  symmetric  about  a line 
in  the  apc'rture  jilane. 

d'o  preserve'  the  phase  relationship  of 
th(‘  waA'cs  refk'cted  from  the  dish  the 
feed  must  not  move  along  the  axis  of  the 
paraboloid  more  than  a fraction  (say 
l/lOth)  of  the  wavelength  usc-d.  A di.s- 
placc'iuent  in  the  perpendicniar  direction 
will  result  in  a pointing  error.  Thus  tin' 
maximum  departure  must  be  such  that 
it  subtends  an  angk'  at  the  x'ertex  of  tin* 
dish  substantially  less  than  the  error  iu 
pointing  of  tlu'  dish. 

(d)  Sky  (’orcnigr  : It  is  not  strictly 
iK'ci'ssary  for  I Ik-  telescope  to  bi'  capable 
of  pointing  down  to  the  horizon  at  all 
azimuths.  Near  the  horizon  the  elTecIs 
due  to  almnspheric  refract  ion  and  ground 
radiation  make  obseiw.at ions  dillieult  so 
that  it  is  ;i(l\i.sable  to  w.ail  until  the 
obji'ct  is  ne.'ir  maximum  ele\  . 'll iou.  W hen 
the  telescope  must  be  located  at  high 
latitudes,  as  iu  ('anada.  it  Is  desirabli' 
that  the  I elescope  be  able  to  reach  dow  n 
close  to  the  southern  horizon,  otherwiM' 
objects  ;il  southern  dccliualions  will  be 
uuobseiw  able.  The  centre  of  our  galactic 
system  which  is  an  inicreslim;  region  lor 
astronomical  studies  re.ache.  ;(  m.axi 
mum  altitude  of  about  1.5  abovi  the 
soiitheni  horizon  at  a latitude  ot  15  \. 

The  arguments  not  w ithstaiidiie  . it 
will  always  be  de.sirable  to  ha\e  com 
plete  sk\  eoxerage  whenever  tliii  C;;n  I'c 
achieyed  without  iindneco.t  or  .acntice 
of  accuracy. 


(o)  Feed:  The  imrpo.se  of  the  feed 
antenna  is  to  receive  the  radiation  re- 
flected to  it  by  the  i)araboloid.  For  a 
point  source  of  emission  maximum  signal 
will  be  produced  at  its  output  terminals 
if  its  response  is  uniform  over  the  angles 
subtendc'd  by  the  dish  and  zero  every- 
where else.  L’sually  the  terminology  of  a 
transmitting  antenna  is  used,  in  which 
case  the  feed  is  said  to  uniformly  il- 
luminate the  dish.  A feed  with  these 
characteristics  is  not  only  impossible  to 
coii.-^truct  but  is  not  the  most  di'sirable 
for  a radio  telescoix'.  'I'he  secondary  or 
sid('  lobes  of  such  a telescope  would  be 
given  by  the  diffraction  theory  for  a 
nniformly  illuminated  aperture  : that  is. 
a central  lobe  w ith  diffraction  rings  and, 
although  till'  amplitude  of  these  rings 
is  small,  they  aceejit  radiation  from  large 
areas  of  sky.  Hy  propi'r  choice  of  the' 
illumination  ■‘taiter"  it  is  jiossible  tn 
gn-atly  reduce  the  intensity  of  the  side 
lobes  at  the  exjieiise  of  broadening  the 
main  lobe  only  slightly.  \ compromise 
usually  has  to  be  reached  between  O'- 
soUiiig  ]iower  on  the  one  hand  and 
magnitude  of  side  lobes  ;ind  spillover 
on  the  ntlier. 

•Sites  lor  Radio  Telescopes 

Although  of  a different  l■...t”'e■,  : = 

rci|iiirements  for  the  -itc  of  ..  '.id.-  ■! 

.er\;itor\  an  as  triiigeiit  a-  t*'  - i " ' 
optical  obseriatory.  .Sin- e i n 
'rom  cell'. tial -oirc  . w ilh  the  e >t  ■: 
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centre  frequency  need  only  fall  within  a 
rather  broad  region  of  the  spectrum. 
Onl}^  in  the  crowded  regions  of  the  radio 
spectrum  will  broadcast  transmitters 
create  a serious  problem.  However,  inter- 
ference generated  by  sparking  in  electri- 
cal equipment  and  automobile  ignition 
systems,  corona  discharge  from  high 
tension  electrical  power  lines  and  the 
like  are  broad-banded  and  hence  can- 
not be  avoided  by  choice  of  operating 
frequency.  If  the  lowest  interference 
level  is  to  be  achieved,  the  obser^'atory 
must  be  located  some  distance  from 
centres  of  population.  At  the  higher 
freciuencies  a measure  of  protection  can 
be  obtained  by  locating  the  obser\'atory 
in  a valley  since  the  surrounding  hills 
will  act  as  a shield  for  line-of-sight  trans- 
missions. If  these  precautions  are  not 
taken  a radio  obser\-atory  may,  in  a 
few  years,  find  itself  in  the  position  of 
optical  observatories  which  are  frus- 
trated by  the  encroachment  of  the 
lights  of  the  expanding  city.  As  the 
sensitivity  of  receivers  is  improved  the 
interference  level  of  the  site  may  well 
be  the  factor  limiting  the  minimum 
detectable  signal  strength. 

The  Dominion  Radio 
Astrophysical  Observatory 

The  Dominion  Radio  Astrophysical 
Observatory  is  located  in  a secluded 
valley  about  15  miles  south  of  Penticton,, 
B.C.,  The  site  consists  of  about  one 
square  mile  of  reasonably  flat  land 
surrounded  almost  uniformly  by  moun- 
tains rising  to  a height  of  some  2,000  ft. 
above  the^valley  floor.  The  area  is 


sufficiently  large  to  permit  the  erection 
of  low  frequency  antenna  arrays  in  the 
future. 

The  equatorially  mounted  parabolic 
telescope  (Fig.  3)  was  designed  and  con- 
structed by  an  American  company. 
Since  the  initial  programs  of  the  ob- 
servatory arc  concerned  with  the  21  cm. 
hydrogen  emission  the  maximum  toler- 
ances specified  were  appropriate  to  this 
wavelength,  as  developed  above.  The 
aperture  of  this  telescope  is  84  ft.  in 
tliameter  and  the  focal  length  25  ft., 
making  the  focal  ratio  approximately 
0.3.  The  dish  consists  of  80  pre-fabricated 
sections,  each  constructed  of  aluminum 
tubing  in  a network  truss  system.  The 
reflector  surface  is  |-in.  aluminum 
mesh.  The  reflector  surface  accuracy  is 
±|-in.  The  equipment  at  the  focus  is 
supported  Iry  three  fibreglass  spars 
attached  to  the  framework  of  the  dish. 

The  equatorial  mounting  permits  full 
sky  coverage.  Driving  motors  are 
located  in  the  top  of  the  steel  support 
tower.  Fast  setting  motions  (15°/ 
minute),  and  variable  speed  scanning 
motions  (0.2  to  l°/minute)  are  pro- 
vided about  both  the  polar  and  declina- 
tion axes.  An  additional  drive  motor  and 
associated  sidereal  gearing  provides 
rotation  about  the  polar  axis  for  track- 
ing of  celestial  objects.  The  position  of 
the  antenna  in  hour  angle  and  declina- 
tion is  transmitted  to  the  control  panel 
by  synchros.  The  hour  angle  information 
is  also  combined  with  the  output  of  a 
sidereal  clock  through  synchro  differ- 
entials to  provide  direct  read-out  in 
right  ascension. 


Fig.  4.  The  master  equatorial  and  error  detector  system  for  driving  the  210-foot 
radio  telescope  nearing  completion  for  C.S.I.R.O.  in  southeastern  Australia. 
PHOTOELECTRIC 


A 10-in.  optical  telescope  is  mounted 
with  its  optic  axis  parallel  to  the  elec- 
trical axis  of  the  radio  telescope  and 
looks  out  through  a hole  in  the  dish.  The  ; 
telescope  may  be  used  for  checking  the  \ 
accuracy  of  the  driving  mechanism  or 
for  guiding  the  radio  telescope  on  objects  ' 
such  as  planets  which  do  not  move  at 
the  sidereal  rate.  A control  station  near  ‘ 
the  eyepiece  of  the  telescope  enables  the  ; 
obsein  er  to  control  the  motion  of  the  ' 
driving  motors.  | 

The  feed  for  the  hydrogen  line  studies  i 
is  a broad-band  horn,  designed  and  con-  ' 
structed  by  the  Radio  and  Electrical  ' 
Engineering  Division  of  the  National 
Research  Council. The  receiver  for  this 
work  is  a Dicke  type  comparison  radio-  11 
meter  with  synchronous  load  and  detec-  'i 
tor  switching.  Originally  the  comparison  >1 
was  achie-\-ed  by  switching  at  the  input  j 
to  the  I.F.  amplifler  but  now  the  switch-  ^ 
ing  is  accomplished  by  a crystal  diode  '• 
switch  operating  at  signal  frequency. 
The  switch,  reference  load,  crystal  ; 
mixer  and  the  first  stages  of  the  I.F' 
amplifier  (35  Me/ s)  are  mounted  behind  ( 
the  horn.  Tuning  is  accomplished  by 
changing  the  first  local  oscillator  freq-  ; 
uency.  Filters  at  the  second  I.F.  freq-  ‘ 
uency  (10.7  Mc/s)  permit  a choice  of  ; 
band  widths  from  2 kc  to  6 Mc/s.  ‘ 
Since  coming  into  operation  the  ! 
observatory  has  been  concerned  with  j 
detailed  studies  of  the  distribution  and  | 
velocities  of  neutral  hydrogen  in  our  j 
galaxy,  notably  in  those  regions  whore  ' 
associations  of  hot  0 and  B stars  are  | 
located.  To  increase  the  sensitivity  a ' 
parametric  amplifier  will  be  installed  ! 
and  tested  on  the  telescope  in  the  near , 
future.  Long  range  plans  call  for  the  1 
installation  of  a low  frequency  (about  ' 
20  Mc/s)  array  on  the  same  site  for  j 
continuum  studies  of  the  galactic  ^ 
system.  ! 
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POWER  STATION  FEED  HEATERS 


/.  V.  Bigg,  M.A.,  A.M.I.  MECH.E. 

Div.  Asst.  Chief  Mechanical  Engineer, 

Auxiliary  Apparatus,  Turbine-Generator  Division, 
Associated  Electrical  Industries  Export  Ltd., 
Trafford  Park,  Manchester,  England. 


T IS  more  than  40  years  since  the 
first  feed-heating  system  for  land 
lower  stations  was  installed  in  Britain, 
though  this  installation  had  been 
receded  for  some  time  by  the  use  of 
:ed  heaters  in  marine  work. 

The  present  state  of  the  practice 
• feed  heaters  is  however,  much  re- 
loved  from  the  relatively  simple 
inipment  of  those  days,  and  this 
iipcr  is  an  attempt  to  present  a brief 
jirvey,  firstly  of  some  of  the  perfoim- 
nce  considerations  involved,  and 
jcondly  of  several  of  the  detail  fea- 
ires  and  construction  problems  in- 
olved  in  present-day  plant. 

There  exists  a very  comprehen- 
Ive  literature  which  covers  in  detail 
uiiiy  of  the  factors  which  enter  into 
le  design  of  a feed  heater,  and  a 
ihliography  in  the  Appendix  lists 
)mc  of  this  information. 

No  attempt  has  been  made  to 
eal  fully  with  every  aspect  of  the  de- 
gii  and  construction  problem.  Detail 
cscription  has  been  confined  to  those 
ems  where  existing  literature  is 
■aiity  and  where  the  author  feels 
lat  information  of  interest  can  be 
|■e.sen(e(l. 

•cterinining  tlie  Appropriate  Feed 
rain 

f'lom  theoretical  considerations  it 
oiild  I)e  desirable  to  ha\c‘  an  in- 
nite  mimber  of  fec'd-lu'ating  stages, 
it  obviously  this  is  an  ideal  that 
■Hist  be  modified  by  eonsidi-rat ion  ol 
|■mlomil■s  and  jnactieal  jKissibilities. 


jiK-  I.  I’roporlioii  of  Station  'I'licnnal 
ffieieney  diie  to  IleatiiiK- 


The  number  of  tapping  points  which 
can  conveniently  and  economically  be 
arranged  in  the  turbine  cylinder  or 
cylinders  is  the  first  restraining  factor; 
this  may  vary  from  one  or  two  in 
.small  machines  to  seven  or  eight  in 
large.  The  starting  point  in  the  de- 
sign of  the  feed  system  is  to  de- 
teiTuine  the  number  of  feed  heaters 
and  the  individual  performance  re- 
cpiired  from  both  the  thermal  and 
hydraulic  standpoints.  This  necessi- 
tates consideration  of  the  overall 
cycle,  including  the  economic  final 
feed  temperature,  and  the  individual 
heater  terminal  differences  and  pres- 
sure drop. 

The  feed-heater  designer  has  thus 
a framework  of  requirements  on  which 
he  can  commence  operations.  Con- 
tinued co-opcration  between  the 
heater  designer  and  the  turbine  de- 
signer is  still  vital,  particularly  re- 
garding the  question  of  the  most  eco- 
nomic form  and  magnitude  of  surface 
of  fe(‘d  heaters. 

'I’he  relative  importance  of  the 
fec'd  heating  train  in  the  overall  tur- 
binc/boiler  cycle  is  illustrated  by  a 
number  of  sketches  No.  1 to  5. 

'rhese  have  been  prepared  to  cov- 
er a rang('  of  five  sizes  of  set  np  to 
dOO  Mw.,  lor  typical  U.K.  conditions; 
this  range  is  regarded  as  snfficientK 
represt'iitatiN'e  to  show  the  trend 

I’igiire  I —Illustrates  the  propor- 
tion of  station  tlierinal  e([ieiene\'  diu' 
to  feed  water  heating.  The  station 
a\’erage  o\'erall  thermal  ellieienev  is 


l''iK.  2.  Ilciit  Iranslenial  l)>  feed  «nier 
liealiiiK  as  a pereeiilaue  ol  lient  eipiiv  a- 
lenl  of  power  output. 


on  the  basis  of  sent  out  units.  These 
figures  are  arrived  at  by  considering 
the  difference  in  heat  rate  of  the 
cycle  under  feed  heating  conditions, 
compared  with  non-feed  heating,  as- 
suming boiler  efficiency  remains  the 
same.  The  deaerator  is  included  as 
part  of  the  feed  heating  system.  It 
should  be  realised  that  these  figures 
are  representative  of  average  British 
practice  over  the  past  years  and  do 
not  necessarily  represent  the  maximum 
exploitation  of  feed  water  heating, 
which  could  be  justified  by  other 
economic  conditions  and  fuel  costs. 

Figure  2— Shows  the  heat  trans- 
ferred to  the  feed  water  e.xpressed  as 
a percentage  of  the  heat  equi\alent 
of  the  sent  out  units.  The  quantitv- 
of  heat  transferred  by  de-superheat- 
ing is  shown  separateh'. 

Figure  3— Shows  txpical  percen- 
tage of  surface  in  feed  heaters  used 
for  desuperheating.  In  the  examples 
shown,  feed  heater  surface  specificalK' 
arranged  and  included  for  desuper- 
heating is  not  commonly  incorporatetl 
in  the  feed  heater  nest  below  the  lOB 
Mw.  rating. 

Figure  4— Illustrates  the  Indrau- 
lic'  pumicing  power  ab.sorbed  in  tr.ins- 
ferring  this  heal.  .\s  can  be  seen  it  is 
K‘ss  than  four  k\\.  per  M\\  sent  out 
for  .ill  sizes  ol  sets.  The  head  loss 
shown  is  conliiuxl  to  th,it  ineurri-d  in 
puin|iiiig  the  teed  w.iter  aiross  the 
.u'lii.il  he.it  tr.msier  surl.iee  ibolh  low- 
pressure  and  high-i>ressure'  and  doi's 
not  include  pipe  loss  etc. 

I in.  3.  Tvpiciil  pi'reontai;o  ol  surface  in 
Iccil  heaters  used  tor  ilesuperheatiiii:. 
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Fig.  4.  Pumping  loss  dissipated  in  feed  Fig.  5.  Daily  cost  of  outage  of  ‘top’ 
heaters.  heating  stage  in  £ per  generating  set. 


Figure  5— Illustrates  the  daily  cost 
of  outage  of  the  highest  condition 
feed  heating  stage  in  £ per  set  due 
to  thenno-dynamic  loss,  and  illustrates 
the  high  value  which  can  be  placed 
on  feed  heater  reliability.  The  figures 
are  based  on  average  U.K.  heat  rates, 
a 24  hour  day  at  100%  load,  and  a 
fuel  cost  of  about  45d  per  10'^  B.t.u. 

The  Economic  Size  of  Heater 

The  terminal  temperature  dif- 
ference of  a feed  heater,  by  which 
conventional  term  is  meant  the  tem- 
perature difference  between  the 
saturation  temperature  of  the  steam 
supplied  to  the  heater,  and  the  outlet 
feed  from  the  heater,  is  directly  re- 
lated to  the  surface,  and  hence  cost; 
of  the  heater. 

In  general,  the  increase  of  surface 
with  reduction  of  terminal  tempera- 
ture difference  is  asymptotic. 

It  is,  however,  possible  to  make 
an  investigation  into  the  economic  size 
of  feed  heaters  under  given  conditions 
in  the  following  manner.  The  in- 
creased cost  of  providing  the  extra 
heater  surface  is  balanced  against 
the  capitahzed  value  of  the  improved 
performance  gained  by  such  extra 
surface. 


Fig.  6.  Curves  showing  the  economic 
size  of  feed  heaters  for  various  operating 
conditions. 


This  exercise  can  be  done  for 
both  low-pressure  and  high-pressure 
heaters.  A typical  set  of  curves  show- 
ing the  results  of  one  such  investiga- 
tion covering  the  three  high-pressure 
heaters  on  a 100  Mw.  set  with  steam 
conditions  1500  p.s.i.g.,  1050°F  is 
shown  in  Fig.  6. 

It  will  be  noted  that  terminal 
temperature  differences  (T.T.D.)  for 
the  three  heaters  are  shown  separate- 
ly, and  that  a family  of  curves  for 
varying  ‘m’  factors  has  been  drawn. 
The  operation  factor  ‘m’  has  been  used 
as  a method  of  presenting  the  infor- 
mation to  cover  various  operating  cost 
conditions,  and  is  made  up  as  follows 
(1*,  etc.,) 


operation  factor  m 


F _ L 
H/10,000  ^ r 


where  F is  fuel  cost,  shillings/ton;  H 
is  calorific  value  of  fuel,  B.t.u. /lb.  L 
is  load  Factor,  percent;  and  r is  rate 
of  capital  charges  including  main- 
tenance and  attendance. 

For  an  ‘m’  factor  of  100  it  can  be 
seen  that  no  significant  gain  is  ob- 
tainable by  increasing  the  size  of 
high-pressure  heaters  above  that 
necessary  to  obtain  a T.T.D.  of  about 
10°F.  The  dotted  curve  is  drawn 
through  the  sizes  of  heater  appearing 
to  give  optimum  return  at  the  various 
‘m’  factors.  All  heater  nest  lengths 
have  been  kept  constant  for  purposes 
of  interchangeability. 

To  present  such  information  in 
compact  form,  a considerable  amount 
of  detail  work  is  necessary,  and  cer- 
tain factors  have  to  be  oversimplified, 
but  once  the  exercise  has  been  car- 
ried out  for  several  representative 
cases,  a general  picture  can  be  built 
up  to  give  a good  guide  to  the  con- 
sideration of  the  economics  of  indi- 
vidual feed-heating  schemes. 


Thermal  Design  of  Feed  Heaters 

The  feed  system  is  conventionally 
divided  into  low-pressure  and  high- 
pressure  portions,  the  low-pressure 

*A  numerical  list  of  references  is  given 
in  the  Appendix. 


portion  being  normally  that  from  tht" 
extraction  pump  discharge  up  to  the^ 
boiler  feed  pump  or  lift  pump,  and; 
including  the  deaerator  if  fitted.  Thelj 
high-pressure  portion  is  that  after  the' 
feed  or  lift  pumps.  j 

When  considering  the  design  of! 
feed  heaters  it  is  convenient  to  divide 
them  into  low-and  high-pressure 
groups,  as  the  two  types  have  many  ' 
differences. 

Low-Pressure  Heaters 

The  design  of  low-pressure  feed-  ' 
water  heaters  is  in  many  respects  a ! 
relatively  straightfoiward  task  com- 
pared with  those  of  the  high-pressure 
group,  although  some  of  the  factors 
of  detail  construction  discussed  in  the  j 
latter  part  of  this  paper  also  apply. 
The  mechanism  of  heat  transfer,  since  j 
the  bled  steam  iwill  contain  little  or  ■ 
no  superheat,  can  be  regarded  as  ; 
straightforward  condensation.  Heat  i 
transfer  rates  appropriate  to  the  con-  : 
densation  of  steam  in  low-pressure 
heaters  are  shown  in  Fig.  7. 


Fig.  7.  Overall  heat-transfer  rates  for 
bled  steam  feed  heaters. 


From  economic  considerations  a 
low-pressure  heater  is  usually  designed  i i 
to  have  a terminal  temperature  dif- 
ference between  outlet  feed  and  ; 
saturated  steam  temperature  of  lO'F  ; 
or  less.  It  will  be  found  that  in  prac-  \ ■ 
tice  it  is  extremely  difficult  to  ap-  ; ; 
proach  a terminal  temperature  dif-  ; 
ference  less  than  2°F.  In  addition  to  j 
the  provision  of  adequate  surface,  the  j 
design  of  the  heater  on  the  steam  side  j 
is  therefore  concerned  only  with  baf- 
fling adequate  to  give  proper  tube  ii 
support,  to  peimit  steam  flow  to  aU  1| 
parts  of  the  nest,  and  with  the  ap-  ! 
propriate  venting  arrangements  to  i 
avoid  the  possibility  of  residence  in  j 
the  heater  of  pockets  of  inconden-  I 
sables  which  would  both  blanket  ** 
otherwise  useful  condensing  surface  | 
and  cause  corrosion.  A typical  low-  J 
pressure  heater  representative  of  | 
modem  practice  is  shown  in  Fig.  8.  | 
It  will  be  observed  that  precautions  i|i 
are  taken  against  impingement  ero-  jij 
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Fig.  8.  Sectionalized  view  of  typical 
low-pressure  feed  heater. 


.sioii  of  the  tube.s  at  the  steam  inlet 
by  the  fitting  of  a baffle,  that  the 
tube.s  are  of  the  hair-pin  type,  to 
permit  differential  expansion  between 
tubes  and  shell,  that  the  tubes  are 
fixed  in  the  tube  plate  by  roller  ex- 
panding and  that  the  scantlings  of  the 
tube  plate,  header,  and  bolting  are 
relatively  light. 

Drainage  of  Heaters 

In  any  system  of  feed  heaters, 
aderinatc  methods  must  be  employed 
to  drain  the  condensed  steam  from 
each  heater  shell,  and  recover  as  much 
heat  from  these  drains  as  is  econom- 
ically desirable  before  the  drain  is  re- 

l‘’ig. 10.  Temperature  diagram  for 


jected  to  the  final  sink  of  the  condens- 
er. The  practice  of  draining  from  a 
heater  at  higher  pressure  directly  into 
the  shell  of  one  at  lower  pressure  is  to 
be  avoided,  as  this  can  complicate  the 
design  of  the  lower  pressure  heater 
in  avoiding  shell  corrosion  and  air 
blanketing.  A satisfactory  solution  is 
to  have  flash  boxes,  in  parallel  with 
the  heater  spaces,  receiving  drains 
from  heaters  at  higher  pressure  and 
venting  into  the  bled-steam  line  to 
the  heater  with  which  it  is  associated. 
The  drain  from  any  heater  shell  and 
the  flashed  drain  from  the  associated 
flash-box  are  both  led  to  the  next 
lower  stage  flash-box.  By  this  means 
the  heater  design  is  simplified  and  a 
potential  source  of  trouble  is  removed. 
Residual  heat  from  the  accumulated 
drains  of  a number  of  heaters  can  be 
transferred  to  the  feed  water,  if  eco- 
nomically justifiable,  by  allowing  such 
drains  to  be  taken  to  a drain  flash 
condenser  fD.F.C.)  before  they  pass 
to  the  main  condeiuser.  This  D.F.C. 
is  similar  in  construction  to  a low- 
pressure  heater,  and  may  in  fact  be 
incorporated  with  it  on  a common 
header  as  shown  in  Fig.  9. 

High-Pressure  Heaters 

The  rapid  increase  in  the  size  of 
turbine-generator  units  throughout  the 
world  and  the  use  of  ever  higher 
boiler  conditions  in  the  search  for 
improved  thermal  efficiency  have 
brought  many  new  problems  to  the 
design  of  high-pressure  feed  heaters. 
With  the  low-pressure  section  of  the 
feed  train  the  cliange  has  been 
largely  one  of  increase  iu  size  and 
relatively  slight  increase  in  operating 
pre.ssurc.s  due  to  increased  numbers 

(lesupcrlieating-type  feed  healer. 


DRAIN  

Fig.  9.  Sectionalized  view  of  combined 
low-pressure  feed  heater  and  drain  flash 
condenser. 

of  units  in  the  feed  train  and  the 
raising  of  deaerator  operating  pres- 
sures and  temperatures.  But  with 
high-pressure  heaters,  especially  if 
connected  to  the  boiler  feed-pump 
discharge,  the  operating  pressures 
have  increased  swifth',  as  have  the 
operating  temperatures  of  the  heater 
due  to  higher  conditions  in  the  tap- 
ped steam,  irrespecti\e  of  whether  a 
split  pumping  system  is  invoked  or 
not. 

^^'ith  the  advent  of  blcxl  steam  of 
high  temperature  it  has  become  eeo- 
nomicalK’  lu'cessaiA  to  take  acK  antage 
of  the  often  considerable  amounts  of 
superheat  which  this  sli’ain  contains, 
to  decrease  the  terinin.d  dilferencT. 
and  eonsi'iiuently  the  ixiniH’ption  ot 
heal  tr.uismission  on  the  ste.im  side  of 
the  he.der  h.is  to  cater  for  sucit  eir- 
cninsl.uiees. 

It  will  In'  reali/.eil  theK'lore  th.it 
with  .ippia'eiably  snpi'i he.iled  stt'.nn 
entc'iing  .i  he.der.  desuperhe.ding  h.»s 
to  t.ike  pl.u-e  bef(ne  eondens.dion 
oeenrs.  I'he  .u  r.ingemenl  «.'f  he.dn  r 
surl.iee  ami  b.illling  nmsi  theiefon’ 
l.ik»’  .meonid  ol  this,  .nul  th.d  ine'i -.n 
ol  tin'  he.der  nest  w hieh  tin'  steam 
lirsi  tr.wersi's  must  l-e  de'.igi  ! s-v. 
the  b.isis  <d  eonveeliM'  hi'.d  Iî  nisler 
Iroin  .1  '.the'  snj'i'iheatc'  -te,  ' 

to  tlie  surf.  a-  of  t!'.  tel  .i  l l i . 

Sl 
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baffled  accordingly.  In  the  desuper- 
heating portion  of  the  nest  the  heat- 
transfer  mechanism  will  be  the  same 
as  that  for  cooling  a non-condensable 
gas.  The  heat-transfer  coefficients 
used  can  be  based  on  a number  of 
sources  (e.g.  2,  .3,  4).  Thus  for  heat- 
transfer  considerations  the  two  por- 
tions of  the  nest,  the  desuperheating 
and  the  condensing,  can  be  treated 
separately. 

To  enable  surfaces  to  be  fixed,  it 
is  also  necessary  to  consider  the  pat- 
tern of  temperature  difference  in- 
volved. Fig.  10  is  a simplified  con- 
ventional heat-exchange  temperature 
diagram  representing  the  conditions 
in  a desuperheating  heater.  To  the 
left  of  the  diagram  is  a portion  show- 
ing the  temperatures  in  a drain 
cooler  associated  with  the  heater. 
The  provision  of  drain-cooling  sur- 
face will  have  been  determined  by 
the  initial  consideration  of  the  eco- 
nomics of  the  feed-heating  cycle,  and 


such  surface  may  be  included  in  the 
feed  heater  proper,  or  in  a separate 
vessel.  Considerations  affecting  this 
choice  will  be  discussed  later. 

The  provision  of  the  desuperheat- 
ing zone,  in  which  there  is  effective 
heat  transfer  from  the  superheated 
steam,  is  necessary  when  it  is  desired 
to  obtain  a terminal  temperature  dif- 
ference of  less  than  approximately 
2°F.  It  is  also  possible  (depending  on 
the  degree  of  superheat)  to  provide 
a feed  outlet  temperature  above  the 
saturated  steam  temperature.  This  is 
usually  called  a ‘negative  terminal 
temperature  difference’. 

Economic  consideration  of  a par- 
ticular heater  can  also  justify  the 
use  of  a desuperheating  zone  when  a 
terminal  temperature  difference  of 
moi'e  than  2°F  is  required.  Such  con- 
sideration will  be  dependent  on  the 
amount  of  super-heat  in  the  bled 
steam  and  the  feed-water  temperature 
rise  through  the  heater. 


Fig.  11.  Representative  methods  of  arranging  desuperheating,  condensing  and  drain 
cooling  sections  in  high-pressure  feed  heaters. 


FEED  INLET. 


■ 


FEED  OUTLET 


DRAIN  OUTLE 


VERTICAL. 


VERTICAL. 

HEADER  UPPERMOST 


STEAM  INLET. 


HORIZONTAL. 


A desuperheating  zone  should 
have  baffling  arranged  so  that  the  ; 
superheated  steam  flows  in  baffled  ’ 
cross-flow  generally  counter-current  1 
to  the  flow  of  feed  water  in  the  tubes.  ! 

Expei'ience  indicates  that  it  is  de-  i 
sirable  to  design  on  the  basis  that  i 
only  some  70  to  80%  of  the  superheat  j 
is  transferred  in  the  desuperheating  , 
zone  but,  as  far  as  the  author  is  aware,  ' 
research  work  to  substantiate  both  this  i 
and  other  aspects  of  heat  transfer  ■ 
with  superheated  steam,  is  uncom-  i 
pleted  at  least  in  Britain.  , 

In  Fig.  10  the  difference  between  ’ 
the  solid  horizontal  steam  temperature  j 
line  and  the  dotted  line  is  shown  to  i 
represent  depression  of  the  saturated  | 
steam  temperature  caused  by  pressure  j 
drop  of  the  steam  through  the  nest. 
This  cannot  be  neglected,  particularly 
since  the  tenninal  difference  at  the  ■ 
end  of  the  condensing  zone  may  he  ) 
small. 

After  the  steam  has  lost  its  latent  | 
heat  in  the  condensing  zone  the  con-  j 
densate  then  enters  the  drain  cooler 
for  sub-cooling  to  the  desired  amount.  | 

As  stated  above,  the  drain  cooler  I 
may  be  in  the  form  of  a separate  j 
heater,  or  may  be  a special  drain-  I 
cooling  section  incorporated  in  the  ! 
main  heater  nest.  j 

The  disadvantages  of  the  former  j 
are  the  extra  space  involved  and  the  | 
cost  of  what  is  virtually  an  extra  heat-  | 
er,  particularly  as  it  involves  an  extra  | 
header.  ] 

The  disadvantages  of  the  integral  ^ 
drain-cooling  zone  are  that  it  increases  | 
the  complexity  of  the  heater  baffling, 
and  also  brings  with  it  the  possibility  j 
of  reheat  of  the  condensate  in  the  ; 
drain-cooling  zone  by  means  of  heat  ; 
flow  from  other  portions  of  the  heater  * 
at  higher  temperatures.  This  factor 
places  certain  limitations  on  the  de-  j 
sign  of  integral  drain-cooling  sections,  j i 
which  have  been  considered  in  detail  | ' 
by  Gardner  (5). 

General  Construction  Considerations 

From  the  foregoing  it  will  be  ap-  j;  ! 
predated  that  the  nest  of  a high-  I ; 
pressure  feed  heater  may  have  to  con-  j 
tain  on  the  steam  side,  two,  or  pos-  1 
sibly  three,  distinct  sections,  with  j 
separate  functions,  which  have  to  be  ; 
arranged  in  appropriate  juxtaposition  , 
to  the  feed  flow  in  the  tubes.  There  , 
are  various  methods  by  which  this 
can  be  achieved  but  Fig.  11  shows  i 
the  elements  of  several,  both  for  the 
horizontal  heater,  and  those  installed 
both  with  headers  uppermost  and  in- 
verted. 

Consideration  must  also  be  given  i 
in  heater  design  to  the  effect  of  • 

i 
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Fig.  13.  End  view  of  radial-pitch  feed  heater  nest. 


ligh-temperature  bled  steam  on  the 
^‘omponents,  particularly  if  the  steam 
,s  introduced  to  one  side  only  of  the 
leater.  Fig.  12  shows  the  nest  layout 
)f  a heater  designed  to  deal  with 
his  circumstance.  The  central  inlet 
lisperses  the  hot  steam  equally  round 
he  nest,  and  also  ensures  that  it  is 
le.supcrheated  before  coming  into 
•ontact  with  the  shell.  The  arrange- 
nent  of  tubes,  to  permit  this  central 
nlet,  is  radial,  as  can  be  seen  from 
Figs.  12  and  13. 

The  number  and  size  of  feed- 
water  heaters  associated  with  large 
nrbine-generators  demands  that  their 
[.•onfiguration  shall  be  relatively  flex- 
ble  to  enable  them  to  be  fitted  in 
'leatly  with  the  general  plant  arrange- 
[nent. 

Horizontal  heaters  were  often 
ised  on  early  designs,  but  later  verti- 
Lal  heaters  with  headers  at  the  top  be- 
•ame  standard  British  practice.  On 
large  machines,  however,  this  brought 
|u  its  train  certain  disadvantages  of 
feed-pipe  layout,  and  also  problems, 
'll  larger  sizes  of  heater,  in  lifting  the 
heavy  nest  from  the  shell  and  in 
rhreading  it  back  on  replacement. 

Current  practice  recognizes  the 
idvantages  of  the  vertical  heater  with 
hs  header  at  the  bottom.  Feed-pipe 
irrangement  is  usually  eased  and  the 

Fig.  12.  Sectionalized  view  of  raclial- 
îitch  feed  heater. 

STEAM 
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nest  can  be  exposed  by  removal  of 
the  relatively  light  shell,  which  may 
be  in  several  sections  to  reduce  crane 
height.  Header  design  can  also  be 
arranged  so  that  both  the  header 
cover  plate  and  the  nest  can  be  re- 
moved without  breaking  the  high- 
pressure  feed-pipe  connections  to  the 
header. 

It  will  be  appreciated  that  in  the 
largest  units  there  is,  with  present 
methods  and  materials,  an  économie 
and  practical  limit  to  the  size  of  single 
lieater  that  can  be  built.  Many 
modern  plants  are  therefore  designed 
with  two  (or  more)  lines  of  high- 
pressure  feed  heaters  in  parallel,  to 
reduce  the  size  of  the  individual 
heater.  'I'his  trend,  accepted  for  prac- 
tical reasons,  has  certain  advantages, 
lor  example,  more  flexible  operation 
with  a saving  in  \ alves  and  pipework, 
on  main  Iced  lines  and  drains. 

'I’ulie  Materials  and  Stresses 

For  mans’  s’cars  it  has  beem  the 
[iractiec'  to  lit  brass  tubes  (nsualK 
70  30  ailin'  in  Biitain)  to  low-iires- 
siire  healers,  air  ejectors,  low-pressure 
drain  enniers,  etc.,  and  this  il.iss  ol 
materi.il  is  still  ad('(|nale  lor  enrrent 
lee  l-i.  yele  conditions. 

Initial  experience  is  now  also  be- 
ing gained  with  ainminnm  tubes  in 
I I’,  healers  .mil  eie(.’lors. 

\l  one  lime  phosphorous  ileoxid 
i/ed  copper  lobes  were  nsi-d  in  high 
liressiire  Iced  lie.ili'is  np  lo  mel.d 
lemper.ilures  ol  .300  I 

\s  lei’ll  pressnres  ,mil  lempei.i 
lines  inere.ise,  ihe  m.ivimum  .illow.ible 
Inbe-w.ill  stress  m i oppei  lubes  js 
le.uheil  .mil  il  becomes  neiess.ns  |o 
ns('  an  .diet  n.il  i\ e m.ilen.d.  eoinmonK 
one  o|  ihc  i opper-niekel  .dlo\  s 

1' 111  I I shows  ihe  .illow.ible  lube- 
w.ill  sliesses  willi  w .ill  lempei  .lime. 


for  the  materials  in  more  general 
use,  and  Fig.  1.5  illustrates  the  limit- 
ing feed  pressures  w'ith  particular  sizes 
of  tube.  It  will  be  noted  that  the 
calculation  of  tube-wall  stress  by 
either  the  w'ell-known  Lamé  formula, 
or  the  A.S.M.E.  Code  method,  gives 
virtually  the  same  result.  Other  refer- 
ences I’egarding  stresses  in  cxlinders 
are  given  in  the  bibliographx’. 

The  70/30  and  90  l6  cupro- 
nickel alloys  hax’e  been  wideh’  used  as 
high-pressure  feed-heater  tube  m.iter- 
ial,  but  recent  experience  has  shown 
that,  in  certain  circumstances,  tubes  of 
70/30  cupi'o-nickel  exhibit  a propen- 
sity to  heavx’  scaling  and  gradual 
weakening.  The  evidence  so  far  .ivail- 
able  indicates  that  scaling  is  clo.sely 
linked  with  the  number  of  times  a 
turbine-generator  unit  h.is  been 
started  and  virtually  everv  ca.se  ol 
sealing  has  oceurred  after  periods  ol 
double-shifting.  Experience  suggests 
that  such  scaling  tloes  not  otviir  w ith 
90  10  eupro-nii  kel  allox,  .md  there- 
lori’  it  sei’ins  reasonable  to  assume 
that  scaling  is  in  some  w.ix  linked 
with  the  nieki’l  eonti’iit  ol  the  tul>es. 
rhe  adxent  ol  this  trouble,  together’ 
with  lln'  l.ret  th.it  ixresent  .iiid  prx 
ji’i’led  exele  eoiidrtioiis  .ire  begiimirm 
lo  .ippro.ieh  lire  limit  ol  ]H’.ii’l i.  ..1  .ij' 
ixlie.ition  ol  70  .30  or  '*ll  lo  . .ipio 
nickel,  h.is  ernph.isi/eil  the  Oi  iessilx 
loi’  corisidei’iiig  .iltern.ilix e P.’-e  =.  .. 
lei  i. ils. 

.\s  e.m  be  seen  lioin  1 - It 

Monel  inel.il  loiiKl  l e e 

.Ill  .iller  i.ilix  e rn.itei  i.il.  but  r-.  ..  x e ■> 
eosllx  .illei  M.itix  e.  with  lie-  ::m.1i  * 
leiioiis  lubes,  ill  si.iiuless  ) • 

ei.il  .ipplie.il’ 'lis.  ri:  k'w  ,i 
or  mild  -.li'el  ol  oprOu  ; * . •: 

qil.dllx  ; .1”  ; < ; : ■ . i ’ - i: 

ibis  e.eo  1:  v (lie  ih  ■ \ io 

eoudiielix  ill  <>l  .’.e  ; 0 i : 
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on  heater  size  has  to  be  borne  in 
mind,  and  approximations  to  the 
compai'ative  influence  of  tube  material 
and  wall  thickness  are  shown  in  Table 
1.  Besides  the  conductivity  of  the 
metal  itself,  oxide  and  dirt  film  of 
varying  natures  also  have  their  in- 
fluence on  the  heat  transmission  sur- 
face required. 

When  considering  tube  sizes  in 
high-pressure  heaters,  certain  advan- 
tages are  to  be  derived  from  keeping 
the  tube  diameters  down  to  the  prac- 
tical minimum  of  say  % in.  with  16 
or  14  S.W.G.  walls.  This  results  in  an 
easing  of  header  and  tube-plate  de- 
sign problems  due  to  the  smaller 
diameter  of  heater.  In  spite  of  the 
fact  that  the  smaller  tube  results,  for 
a given  duty,  in  a relatively  larger 
number  of  tubes  and  tube-end  joints, 
this  in  itself  is  not  significant  if  a 
satisfactory  tube-plate  joint  is  evolved. 

Aspects  of  Header  Construction 

In  the  construction  of  heater 
headers,  particularly  those  for  high 
pressru'es,  there  are  two  factors  of 
paramount  importance. 


THERMAL  CONDUCTIVITY  OF  TUBE  MATERIALS  FOR  FEED-HEATERS  AND 
HEAT-TRANSFER  FACTORS  FOR  MATERIALS  AND  WALL  THICKNESS  TO  BE 
APPLIED  TO  BASIC  HEAT-TRANSFER  VALUES 

Thermal  Suggested  reduction  in  overall  heat  transfer 

Composition,  conductivity  K for  material  and  tube-wall  thickness 

Material  nominal,  of  metal,  in,  to  1 in,  o.d.  tubes) 


percent 

B,t.u,  per 
. ft.^/in./H/°F 

18  SWG 

16  SWG 

14  SWG 

12  SIVG 

Arsenical 

copper 

0.35  arsenic 

1190 

1.00 

1.00 

1.00 

0.95 

Admiralty 

mixture 

( 70  copper) 

] 28  zinc  f 
(l.7  tin  ) 

768 

1.00 

1.00 

0.96 

0.90 

Aluminum 

brass 

2 aluminum 

696 

1.00 

1.00 

0.96 

0.90 

Aluminum 

bronze 

5 aluminum 

552 

1.00 

1.00 

0.95 

0.88 

Carbon 

steel 

(0.06  carbon) 

(0.18  ) 

340 

1.00 

0.99 

0.93 

0.85 

Low-alloy 

steel 

(2)4  chromium  ) 
(l  molybdenum) 

325 

1.00 

0.98 

0.92 

0.84 

Copper- 

nickel 

90/10 

264 

0.97 

0.91 

0.85 

0.77 

Copper- 

nickel 

80/20 

2.52 

0.95 

0.88 

0.82 

0.73 

Copper- 

nickel 

70/30 

204 

0.92 

0.84 

0.77 

0.68 

Monel 

(67  nickel  ) 

(30  copper) 

180 

0.89 

0.82 

0.75 

0.65 

Stainless 

steel 

(16-18  chromium) 
(11-14  nickel  ) 

120 

0.84 

0.78 

0.70 

0.58 

There 

are  basically  two 

means  of  The  Tube-Expanding  Process 

(a)  The  tube  to  tubeplate  joint. 

(b)  The  design  of  the  header  and 
its  closure. 


effecting  the  tube  to  tubeplate  joint, 
firstly  by  expanding,  or  secondly  by 
some  form  of  welding  process. 


Fig.  14.  Curves  of  maximum  allowable  tube-wall  stress  for  usual  materials. 


TUBE  MATERIAL. 

NON  FERROUS. 


r MONEL  METAL  STRESS  RELIEVED. 

U MONEL  METAL  ANNEALED, 

m 70/30  COPPER -NICKEL. 

nZ  80/20  COPPER -NICKEL. 

Y 90/10  COPPER  - NICKEL. 

m ADMIRALTY  BRASS 

Yn  RED  BRASS 

vnr  COPPER. 


FERROUS. 


A MILD  STEEL  B.S.  1508/151  & 171. 

B.  i4%MOLYB.  1508/240. 

C.  DTD.  740  LOW  ALLOY  STEEL 

(MOLYB/ BORON.) 


The  conventional  method  of  mak- 
ing tube-to-tubeplate  joints  has  for 
many  years  been  the  well-known  rol- 
ler expanding  process.  During  this . 
process  the  tube,  and  to  a certain 
extent  the  tubeplate  metal,  are  de- 
fonned  permanently,  and  the  strength 
and  permanence  of  the  joint  is  deter- 
mined by  the  pressures  set  up  be- 
tween the  two  contacting  surfaces, 
and  the  friction  between  them.  Fig. 
16  depicts  the  three  basic  phases  of 
tube  expanding:  (a)  assembly  of  tube 
to  tubeplate:  (b)  tube  contacting 
hole  surface:  (c)  completion  of  ex- 
panding of  joint. 

Experience  indicates  that  the  con- 
tact pressure  between  the  two  surfaces 
and  consequently  the  joint  strength 
increase  with  the  amount  of  expand- 
ing done  on  the  joint  only  up  to  a 
distinct  maximum.  Further  work  done 
on  the  joint  reduces  its  strength  be- 
cause it  can  lower  the  elasticity  of 
the  materials  of  the  joint. 

Since  expanded  joints  rely  partly 
on  friction  for  their  strength,  the 
holding  strength  could  be  supposed 
to  increase  as  the  roughness  of  the 
contacting  surfaces  increases  (within 
reasonable  limits)  but  the  holding 
strength  alone  is  not  the  only  require- 
ment of  a good  joint. 

The  joint  must  also  be  tight  or 
leak-proof,  and  experience  has  shown 
that  a tight  joint  for  the  high-pressure 
heaters  can  most  satisfactorily  be 
made  with  smooth  contacting  sur- 
faces. Whilst  the  holding  strength  of 
the  smooth  joint  may  be  lower  than 
one  with  rough  surfaces,  it  has  been 
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THICKNESS  OF  TUBE  WALL  (BEFORE  BENPINGl  SWG  1 


25POO* 


20,000- 


ispoo- 


lopoc 


CALCULATED  USING  LAME  FORMULA. 

• • CALCULATED  USING  ÆS.MERULE. 


/ 

/ /I 

V 

].£: 


/ 


Y 


^ ' 


V 


_^\aV 


UP  TO  750  F 


•750‘’-900°F 


■UP  T0  700'’f^  72 7o  Wo 

l50a-24O 

^c,-^'v•^WILD  STEEL 
■ 4QQ0  p S 70/30  Cu.NI. 

■500°F  J (annealed) 

■300“F'| 

■400°F  l90/IOCu,Ni. 

I (annealed) 

■500“  F I 

note:  00/20  Cu.  Ni.  not  used. 


250°F 

-30CfF 


•400“F 


COPPER 
(PHOS  DEOX  ID.) 
(ANNEALED.) 


lOOO  2000  3000 

MAX. WORKING  FEED  PRESSURE  P.  - Ib/in^ 


ipi);.  1.5.  Limiting  feed  pressures  in  feed  heater  tubes  with  particular  sizes  of  tube 
ind  material. 


be  expanded  into  the  tubeplate. 
Typical  evidence  leading  to  this  con- 
clusion is  shown  in  Fig.  19,  showing 
how  the  draw  mark  on  the  tube  end 
coincides  with  the  eroded  portion  of 
the  tubeplate.  This  conclusion  was 
based  on  a body  of  evidence  consist- 
ing of  failed  tubes,  carefully  drawn 
out  from  the  tube  holes  by  means  of 
a specially  developed  drawing  device 
shown  in  Fig.  20,  when  it  was  found 
that  the  tube  end  surfaces  had  draw 
marks  or  handling  scratches  longi- 
tudinally and  spirally,  through  which 
defects  it  became  obvious  that  the 
leakage  was  initiated.  Furthermore,  as 
a result  of  this  evidence,  severe  doubt 
exists  as  to  whether  the  roller  expand- 
ing process  materially  closes  these 
marks  and  therefore  they  still  remain 
as  a potential  weakness  at  the  joint. 
This  has  meant  that,  as  well  as  pro- 
ducing as  neai'-perfect  a tubeplate 
hole  as  possible,  it  is  also  necessary 
to  examine  very  carefully  all  tube 
ends  during  assembly,  so  that  draw 
marks  or  scratches  can  be  polished 
out,  or  the  tube  rejected  where  these 
marks  are  too  deep  for  satisfactory 
treatment. 


uovcd  to  have  sufficient  strength  in 

I ho  materials  and  tube  sizes  common 

II  high-pressure  heaters.  Consequently 
pic  smooth  joint  has  been  used,  as  in 

he  author’s  experience  the  real  prob- 
em  is  not  that  of  producing  a joint 
vith  sufficient  holding  strength,  but 
me  that  is  sufficiently  leak-proof.  If 
lidditioiial  holding  strength  is  required, 
llioii  tlie  additional  friction  or  shear 
^roiigth  can  be  inserted  under  con- 
rolled  eonditions  by  the  machining 
if  one  or  two  exact  grooves  in  the 
anooth  bore  of  the  hole. 

'I’he  problem  of  making  a satis- 
lactory  joint  has  on  low-pressure  plant 
ibeeii  comparatively  simple  because  ol 
I he  low  pressure  involved,  but  on  high- 
ipressnre  healers  with  working  feed 
jjiressiire  of  2,000  p.s.i.g.  and  over, 
inneh  thought  has  been  devoted  to 
development  of  a satisfaetory  joint  to 
|he  as  leak-irroof  as  jmssible.  In  high- 
dr<'ssnre  healers  through  which  leed 
jwaler  is  passed  at  full  le(‘d  immp 
ipressnre,  it  has  in  the  author’s  expeii- 
.riiee  always  been  lonnd  that  where 
'leakage  oeenis  through  ('xpanded 
jjoints  bi'tween  non-lerrous  tubes  and 
steel  tnbeplates  that  the  ontei’  suilaee 
jot  the  tube  within  iha*  joint  is  little 
i.illeeted,  lint  the  steel  tnbepl.ite-wall 
|smi.n’e  Ix'comes  anoded  to  an  extent 
iilependent  nimn  the  time  lor  whia'h 
th('  le.ikage  is  allowed  to  pi'oeeiHl. 

It  Wiis  lat  first  thought  that  leak 
lagi'  betweam  tha'  Inba'  anal  tubeplate 
•irosi'  ow  ing  to  inapa-i  fi'a't ions  in  tha' 


finish  of  the  closely  limited  bores  of 
the  tube-plate  holes  only,  and  con- 
siderable effort  was  therefoi'e  directed 
toward  producing  unblemished-finish 
holes  of  high  dimensional  accuracy. 
Fig.  17  shows  the  number  of  tools, 
and  conseapiently  the  operations  ne- 
cessary to  achieve  this  result.  Fig.  18 
show's  the  tool  room  eonalitions  under 
wliich  it  is  ncce.s.sary  to  produce 
licater  tnbeplates  to  achieve  the 
necessary  ([iiality  of  product.  Further 
('vidence,  however,  indicatt'd  aiuite 
cla-arly  that  it  was  not  only  the  finish 
of  the  tube  wall  that  was  important 
but  also  the  finish  of  the  tube  enal  to 


Control  of  Expanding 

There  are  tw'o  main  methods  by 
which  the  desired  amount  of  expand- 
ing may  be  attained  and  continued; 

1.  Based  on  measurement  of  the 
change  in  tube  dimensions  brought 
about  by  the  expanding  process. 

2.  Based  on  measurement  of  the  ac- 
tual power  input  to  the  expander  to 
produce  a desired  effect. 

Dimensional  Changes 

Mucli  work  has  been  done  b\’ 
\arious  workers  on  this  subject  and 
it  is  only  possible  here  to  give  the 
general  consensus  of  opinion.  For  non- 
ferrous  lubes  in  lecxl  heaters,  the  op- 


Fig.  1().  Tliree  phases  of  liihe-expaiuling  process. 


o 

ASSEMBLED  JOINT 


@ 

TUBE  IN  CONTACT  WITH 
TUBE  HOLE 


completed  joint 
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Fig.  17.  Sequence  of  tools  required  for  production  of  mirror-finish  holes  in  high- 
pressure  feed  heater  tube  plates. 


timum  result  would  seem  to  be 
achieved  by  expanding  the  tubes  so 
as  to  reduce  the  wall  thickness  by  ap- 
proximately 5%. 

Use  is  also  made  frequently  in 
boiler  work,  particularly  in  Europe, 
of  “Tube  End  Expansion”  figures, 
and  here,  as  a general  guide,  growth 
at  the  tube  end,  axially,  should  not 
exceed  about  1 to  1.2%  of  the  tube- 
hole  diameter. 

Torque-Controlled  Tube  Expanding 
In  hand  expanding,  the  amount 
of  torque  is  determined  by  the  skill 
and  e.xperience  of  the  operator,  w'ho 


relies  on  the  ‘feel’  of  the  process. 
While  this  conventional  method  can 
achieve  first-class  results,  the  use  of  a 
hand  ratchet  or  carpenter’s  brace  to 
drive  the  roller  expanders  has  one 
major  disadvantage  when  used  over 
a large  number  of  tube  ends,  which  is 
that  the  degree  of  tightness  of  the  ex- 
pansion may  vary  as  the  operator  be- 
comes tired  or  distracted.  The  need 
tor  some  form  of  adjustable  powei'- 
driven  expander  to  ensure  consistency 
of  tightness  has  long  been  recognized, 
and  development  of  several  forms  of 
torque-controlled  drives  for  expanders 
was  commenced  many  years  ago. 


Fig.  18.  View  of  tuhe-plate  drilling  shop. 


Developments  led  to  the  use  of 
a standard  two-speed  electric  drill  of 
/8  in.  nominal  capacity  supplied 
through  an  electrical  control  box.  This 
control  box  incorporates  a variable 
current  cut-out  and  a short-delay  de- 
vice together  with  a reversing  switch. 
The  sequence  of  operation  of  the  con- 
trol device  is  as  follows: 

The  particular  value  of  current 
appropriate  to  the  torque  required 
for  the  material  and  size  of  tube 
being  expanded,  is  set  by  means  of  a 
movable  pointer  on  the  sensitive  am- 
meter, and  the  drill  switch  is  closed. 
The  drill  then  drives  the  expander 
tool  until  the  level  of  torque  desired, 
and  consequently  the  desired  current, 
is  reached,  at  which  point  the  cur- 
rent cut-out  operates  and  stops  the  | 
drill  motor.  [ 

The  delay  device  then  operates  | 
and,  after  a short  period,  reverses  the 
motor  so  that  the  expander  can  bejl 
withdrawn  without  further  switch- 1; 
ing  action  from  the  operator  other 'I 
than  the  initial  closing  of  the  drill  jj 


Fig.  19.  Withdrawn  specimen  of  feed . | 
heater  tube  showing  score  mark  in  tube  j i 
end  corresponding  to  erosion  defect  in  j ) 
the  tube  plate. 


switch.  This  has  proved  a satisfactory!' 
and  reliable  tool  for  use  with  ferrous  ; : 
and  non-ferrous  tubes  up  to  1 in.  out-} 
side  diameter  as  normally  used  in  ; 
condensers  and  heaters  and  has  been  ' 
in  regular  use  for  the  last  few  years.  | 
It  has  been  deliberately  kept  as  simple' 
as  possible  in  constimction.  The  con-| 
trol  box  is  checked  for  calibration  i 
purposes  by  comparing  the  expanded) 
tube  pull-out  with  a particular  am-’ 
meter  setting  with  the  desired  stand-! 
ard  values  arrived  at  on  the  basis  ofj 
pull-out  tests.  A photograph  of  thci 
equipment  is  shown  in  Fig.  21  and  inj 
use  by  an  operator  in  Fig.  22. 


Soundness  of  Expanded  Joints  ' 

In  expanding  the  ends  of  several; 
hundred  tubes  in  a feed  heater,  the| 
possibility  arises  that  the  odd  few] 
tube  ends  have  not  been  fully  tight- j 
ened  due  to  such  causes  as  unnoticed' 
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^ear  of  the  expander,  maladjustment 
if  the  torque-controlled  tool,  tiring  or 
listraction  of  the  operator,  material 
aults  in  the  odd  tube,  etc.  The  need 
vas,  therefore,  apparent  for  some  form 
f inspection  which  could  be  applied 
i)  the  tube  end  to  check  sound  e.x- 
iiansion  prior  to  the  complete  assem- 
bly of  the  header  and  nest  for  the 
bnventional  hydraulic  test,  in  order 
lo  obviate  the  considerable  amount 
‘f  dismantling  work  incurred  should 
he  hydraulic  test  reveal  defective  ex- 
iansions. 

Development  of  an  ultrasonic 
iiho-tightness  comparator  was  there- 
jore  put  in  hand.  The  basic  principles 
I'f  the  instrument  are  similar  to  those 
jsed  for  ultrasonic  detection  of  ma- 
[erial  flaws  such  as  laminations  in  steel 
date.  Although  investigations  are  still 
!i  an  early  stage,  and  the  develop- 
|ient  of  both  the  method  and  a tool 
uitahle  for  workshop  use  is  not  yet 
omplcte,  laboratory  work  shows  that 


Fig.  21.  Automatic  tube-expanding  tool. 


it  is  po.ssible  to  obtain  sufficiently  dis- 
criminating comparative  joint-tight- 
ness indications  which  can  be  dis- 


’ig.  20.  Special  tool  for  withdrawal  of  feed  heater  tubes  with  minimum  damage 
o tube  end  surface. 

BOX  SPANNER  % 8.S.W  (SMALL) 

(LENGTH  TO  SUIT) 


BOLT  AT  LEAST  12  LONG 
SCREWED  %"  as.w  (MUST  NOT  TURN  AFTER 
BEING  SCREWED  INTO  HEATER  TUBE) 


ratchet  spanner  % as.w.  (small.) 


THICK  WASHER 


- 

__  STEEL  TUBER  OR  MORE  LONG,  /fcID  FACED  AT 
ENDS  AND  TURNED  TO  | OD.  AT  TUBEPLATE  END 


played  on  an  oscilloscope.  Two  quartz 
crystal  probes  (one  transmitter  and 
one  receiver),  of  which  the  transmit- 
ter generates  ultrasonic  waves  b\’ 
piezo  electric  effect,  are  inserted  in 
the  adjacent  tubes  and  differences  in 
joint  tightness  are  apparent  from  the 
form  of  traces  on  the  associated  oscil- 
loscope screen.  The  trace  from  an 
obvioLish-  tight  pair  of  tubes  is  se- 
lected as  a criterion  and  the  remainder 
are  progressi\ely  compared  with  this, 
thus  revealing  any  tubes  where  the 
expanding  operation  has  been  inade- 
(piate.  Fig.  2.3  shows  the  nature  of 
t\  pical  results. 

Tube  Pull-Out  Tests 

To  preset  the  tortiue-controlled 
tube-expanding  de\  ice,  it  was  neces- 
sary to  carry  out  a long  series  of  pull- 
out tests  to  determine  the  correct  de- 
gree of  tube-rolling  tightness  to  suit 
the  various  t>pes  of  low-pressure  and 
high-pressure  eciuipment.  In  eoujuuc- 
tion  with  each  test  it  is  of  course 
necessarv  to  cousiiler  tiu'  relative 
amounts  ol  thinning  ol  tlu'  tiibi-  walls 
which  taki'  place  during  the  expand- 
ing ]vroe»'SS. 

I'Tfect  of  Heating  and  (i(M>liug  (3eles 
on  Tightness  of  UolIer-F\pande<l 
Tube  Joints 

To  .isii'it.iiii  the  eflixt  ol  he.it- 
ing  .uul  cooling  in  opm.itiou  on  the 
holding  power  of  i ollei -c\|i.uuhxl  tube 
joints  in  high-pressure  heaters.  .i  huge 
number  ol  pull-out  tii.ils  vveie  ui.idc 
on  test  pieces  consisting  ol  he.iv  v 
steel  bushes,  into  whuh  short  lengths 
ol  lube  in  eop|>«’r-uu  kid.  .md.  .illei 

u. ilivelv.  I'opper,  were  rolle!  i xiv.  - 1-1 
In  the  uoim.d  teehuupie 

Some  lest  pieces  wcic  J'l.". 
m.ide.  but  the  in.uoiitv  wen-  hiM'  -i  ! • 

v. uions  sle.idv  l<  r.rpt  i .ite; , oj-  t 
S(H)  1 t 'l  oiii-  boni,  .ill,!  .ipe  w.tiV: 
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Fig.  22.  Automatic  tube-expanding  tool  in  use. 


Fig.  23.  Typical  oscilloscope  traces  obtained  on  expanded  joint  comparison. 


TYPICAL  OSCILLOSCOPE  TRACES  OBTAINED  ON  SOUND  AND 
UNSOUND  EXPANDED  JOINTS 


RECESS, 


Fig.  24.  Spigot-type  tube  plate  prepara- 
tion prior  to  welding. 


cooled  ill  air,  before  pulling  out  the 
tubes  in  a tensile  testing  machine. 


From  the  results  of  these  tests  1 
the  following  typical  infonnation  was  'i 
derived: 

I ' 

(a)  Copper  Tubes  j j 

From  the  maximum  pull-out  load  of  j i 
little  over  4,000  lb.  with  % in.  o.d.  14  | , 
S.W.G.  tubes,  there  was  a marked  1 1 
reduction  in  holding  power  on  sped-  j 
mens  heated  above  300°F  (corre-|n 
spending  to  67  p.s.i.a.,  steam)  thus?' 
imposing  a severe  limitation  on  the  j 
use  of  copper  tubes  with  roller  ex- 1 
panded  ends  in  high  pressure  heat- 1 - 
ers,  since  the  allowable  tube  wall  stress  ■ 
of  this  material  also  falls  rapidly  over 
300°F.  I ' 


(b)  70/30  Cupro-Nickel  Tubes 

From  a maximum  pull-out  load  of  | 
some  5,700  lb.  with  % in.  o.d.  16  ‘ 
S.W.G.  tubes,  there  was  a marked  ui 
reduction  in  holding  power  over  ji  o 
600°F  (corresponding  to  543  p.s.i.a.  ki 
steam.  ) . | 

In  normal  operation,  it  is  likely  j 
that  the  temperature  of  the  tube  walls  j 
at  any  part  of  the  ends  of  the  tubes  j 
does  not  exceed  the  saturated  temper-  j 
ature  of  the  heating  steam  except  ! 
where  the  heater  is  so  designed  to  ! 
take  advantage  of  a material  amount  « 
of  superheat,  in  which  case  the  wall  |l 
temperature  is  likely  not  to  exceed 
about  35°  F above  the  saturated  ' 
steam  temperature.  ; ( 


The  effect  of  tubeplate  hole 
sizes  relative  to  the  tube  diameter 
was  also  investigated,  the  holding 
power  reducing  rapidly  with  unneces- 
sary increase  in  hole  size.  For  the 
tube  sizes  used  it  has  been  found  de- 
sirable to  have  a tolerance  on  tube- 
hole  diameter  0.625  in.  + 0.002  in. 
to  + 0.008  in.  for  high-pressure 

heaters. 


i'- 


Numerous  similar  cold  tests  have 
been  made  with  brass  and  other  alloy 
tubes  as  used  for  low-pressure  heat- 
ers (and  condensers)  but  in  these 
cases  both  the  tube  load  and  the 
water  pressures  are  so  much  lower 
that  pull-out  loads  of  about  2000  lb. 
in  steel  plates  or  about  1500  lb.  in 
brass  plates  can  be  satisfactory. 
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Velding  of  Tube  to  Tubeplate  Joint 

I There  are  two  basic  methods  by 
vhich  this  can  be  achieved: 

(a)  By  welding  the  tube  to  the 
ibeplate  on  the  “feed”  face  of  the 
late. 

(b)  By  welding  the  tube  to  a 
tub  on  the  “steam”  face  of  the  plate. 

In  the  first  method  of  welding  to 
he  feed  face  of  the  tubeplate,  suc- 
,ess  has  been  achieved  with  a number 
f material  combinations. 

Initially  some  success  had  been 
btained  by  resistance  welding  of 
fared  ends  of  mild  steel  tubes  of  small 
).D.  and  wall  thickness,  but  this  was 
|ot  considered  practical  or  adequate 
or  K in.  o.d.  heavy  gauge  tubes. 

The  common  features  of  the  ma- 
brity  of  subsequent  work  were  the 
(se  of  an  argon  arc  welding  process 
nd  the  spigot  type  of  tubeplate  pre- 
saration  (Fig.  24). 

' Techniques  have  been  evolved 

br  the  following  material  combina- 

Sons. 

■ 70/30  Cupro-Nickel  to  Nickel 

dated  Mild  Steel  Tubeplate. 
j 18/8  Stainless  Steel  to  Mild  Steel 
I’nix’platc. 

I .Mild  Steel  Tube  to  Mild  Steel 

I'liheirlate. 

j The  use  of  nickel  plating  of  the 
;iil(l  steel  tubeplate  when  welding 
Jiipro-nickcl  tubes  was  found  to  be  of 
jreat  benefit  both  in  increasing  shear 
trength  and  the  elimination  of  por- 
sity.  In  this  combination  a monel 
lelal  fillc:r  wire  is  used. 

Th(i  following  illustrations  dem- 
nstrale  the  nature  of  the  welds, 
j Fig.  25(a)  shows  the  cro.ss  sec- 
ion  ol  a typical  weld. 

I’ig.  25(b)  shows  a cro.ss  section 
t liigh  magnification,  of  a cupro- 
ickcl  to  nickel  plated  mild  steel  weld, 
11(1  indicates  the  continuity  of  the 
ickel  plating. 

I'  igs.  2f)  and  27  show  tyiiical  trial 
lieces  lor  testing  mechanieal  strength 
|l  welds, 

I 

lii;.  2.5ii.  (iross-.seetioii  tliroiigli  typical 
’.(•Id  ol  ('(ipro-iiickcl  tube  to  mild-.stccl 
iibc  plate. 


Fig.  26.  Cupro-nickel  to  mild-steel  welds.  Completed  welds,  on  pressure  test  sample. 


On  the  test  block  shown,  no 
failure  of  welds  took  place  and  the 
particular  test  was  terminated,  as  can 
be  seen,  by  a tube  failure  (at  12,500 
p.s.i.).  It  will  be  noted  that  the  free 
ends  of  the  tubes  are  closed  by  plugs 
secured  by  a weld  process  similar  to 
that  on  the  tubeplate  face. 

Fig.  28  shows  a portion  of  a tnbe- 
]date  with  a completed  weld.  It  will 
be  noted  that  with  the  spigot  t\pe  of 
prciiaration  and  the  use  ol  the  .-Vegon 
Arc  process,  individual  welds  are 
achieved  which  can  be  dealt  with 
separately  lor  non-(le.strneti\'e  testing, 
rectification  etc.  I'he  iiailicnlar  ex- 
ample shown  is  a high  incssnre  teed 
heater  with  stainless  steel  tidx'S 
welded  to  a mild  steel  lnl)ei)late;  the 
operating  picssure  is  2.700  p.s.i.g. 

I'ig.  2.51).  At  hiKhcr  ma.niiilicalion  show- 
ing continiiit)'  of  nickel  plating. 


The  introduction  into  senice  of 
heaters  with  such  welded  tube  joints 
has  emphasized  not  only  the  necessit>' 
for  the  highest  possible  standards  of 
manufacturing  technicpies,  but  also  the 
most  ad\auced  methods  of  non-de- 
structive testing  to  prove  the  sound- 
ness of  each  completed  weld,  and  it 
is  therefore  nece.ssar\-  to  supplement 
the  coinentional  hydraulic  test.  One 
.satisfactor\'  additional  method  avail- 
able at  the  moment  is  the  well  known 
system  of  halogen  gas  k'ak  detc'ction 
ill  which  a halogen  atmosphere  at  a 
pi’essure  of  approximately  10  p.s.i.  is 
maintained  on  the  shell  side  ol  the 
heater,  and  tlu'  tube  side  ol  .ill  welds 
inspected  b\  h.ilogeii  le.ik  deteetiou 
.ipparatus  i Fig.  2t)  ' . .Another  .mil  cur- 
rent (le\  I'lopmeiit  is  the  .ipplie.ition  el 
the  teehniiine  ol  iiltr.isonie  testing  to 
.ill  lube  welds.  So  l.ir  the  results  .ire 
hopelnl.  reelmi(|nes  sneh  .is  the  use 
ol  (he  ireiietr.ml  or  m.igiielie  e-.iek 
deteetiou  h.ixe  not  provcil  s.itisl.ietiirv 
lor  this  .ipplii  .itioii. 

\ller  siieli  Cl  implement. Il  \ tc'-ts 
as  ,ire  pr, ielie.il  h.i\e  been  . i<  .. 
out.  tile  .issembK  is  still  siibieeled  l 
.1  lin.d  Indi.mlie  lest,  tins  is  v . -aeo  . 
lor  .7  hours,  somewh,7  Ion,  ei  e 
the  eon\  eut  ioii.il  lesi  • t e ■ 
welde.l  \esse|s 

t erl.on  dee  s • ' ’ le  -s 

he.ileis  sh.'w  •.r:e 
siipei  he.iler  iin  i'  .!  ■ •’  i ‘ 
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Fig.  27.  Cupro-nickel  to  mild-steel  welds.  Failed  pressure  test  sample,  showing  burst 
tube. 


Here  the  tube  is  welded  to  the  steam 
side  of  the  tubeplate  or  header.  Fig. 
30e  shows  a typical  method  of  con- 
struction. A stub  piece  often  of  forged 
construction  is  welded  to  the  tube- 
plate.  This  stub  may  have  a solid 
centre  which  is  drilled  away  after 
welding  thus  removing  the  root  run 
of  the  weld  in  the  process,  and  elim- 
inating a potential  source  of  trouble. 
The  tube  proper  is  then  welded  to 
the  projecting  stub  pipe.  A further 
development  in  this  field  consists  of 
an  automatic  welding  tool  which  per- 
foiTns  the  weld  between  a short  stub, 
machined  on  the  face  of  the  tube- 
plate,  and  the  tube  end,  from  inside 
the  stub  and  tube  bore,  thus  permit- 
ting close  pitching  of  the  tubes. 

With  the  majority  of  such  welds, 
on  the  steam  face  of  the  header,  the 
actual  weld  cross  section  is  generally 
much  greater  than  that  possible  with 
the  spigot  type  of  preparation. 

The  Design  of  the  Header  and  its 
Closure 

The  design  of  tubeplates  is  a sub- 
ject on  which  an  extensive  literature 


exists  and  it  is  not  possible  in  a paper 
of  this  nature  to  add  to  this  body  of 
information;  however,  linked  with 
considerations  of  tubeplate  design  is 
the  problem  of  designing  the  heater 
header  as  an  entity. 

This  has  in  the  author’s  opinion,  three 
main  facets, 

1.  The  closure  problem,  by  which 
is  meant  the  provision  of  sufficient 
material  in  tension  or  shear  to  affix 
the  header  components  one  to  an- 
other. 

2.  The  “joint”  problem  which 
consists  of  providing  a joint  arrange- 
ment which  will  remain  tight  not 
only  under  steady  operating  or  test 
conditions  but  also  under  sudden  vari- 
ations, particularly  of  temperature, 
which  can  be  experienced  in  service. 

3.  The  “access”  problem,  which 
consists  of  providing  a design  in  which 
access  to  the  internals  of  the  header 
pennit  of  it  being  built  and  of  future 
repairs  and  maintenance  being  car- 
ried out. 

It  is  not  possible  to  view  the 
three  aspects  entirely  separately  and  a 


Fig.  28.  Welding  of  tube  ends  as  completed  over  a portion  of  feed  heater  tube  plate. 


particular  design  produced  with  the 
object  of  solving  one,  may  also  solvé 
or  lessen  the  severity  of  the  other. 

A conventional  simple  bolted 
construction,  in  which  the  tubeplate,. 
header  body,  and  cover  plate  if  used, 
are  all  bolted  together,  with  the 
fasteners  in  tension,  is  satisfactory  fol- 
low and  medium  pressures,  but  when 
high  pressures  together  with  large 
diameters  are  involved,  it  is  subject 
to  definite  limitations. 

Firstly,  the  hydrostatic  load  in 
the  cover  of  a high-pressure  heater 
may  often  be  of  such  a magnitude 
that  it  is  virtually  impossible  to  pro- 
vide sufficient  bolting  material  on  a 
given  p.c.d.  and  various  design  de- 
\'ices  have  to  be  used  to  overcome 
this. 

Secondly  the  maintenance  of  a 
joint  between  faces  by  means  of  bolt-" 
ing  material  under  tension  can  become 
a matter  of  extreme  difficulty.  When 
variable  temperature  conditions  occur.i 
such  as  are  encountered  under  load 
throw  off,  the  body  of  the  headei 
can  be  chilled  by  cold  feed,  and  the 
bolts  still  remain  relatively  warm.  A 
slackening  of  the  joint  loading  take.'i 
place.  Under  some  circumstances  it  h 
virtually  impossible  to  design  a com 
bined  bolt  and  flange  joint  system  witl 
sufficient  elasticity  to  compensate  foi 
the  differential  contraction  whicl 
occurs. 

Sketches  showing  the  elements  ol 
some  typical  high-pressure  header; 
are  shown  in  Fig.  30. 

Fig.  30a,  shows  a bottle  typi 
header  in  which  the  tubeplate  anc 
header  body  are  combined  in  a singk 
forging,  with  the  neck  of  the  bodi 
narrowed  to  reduce  the  load  on  thi 
cover  plate.  A further  version  narrow: 
the  neck  still  further  to  permit  thi 
use  of  an  elliptical  closure  of  th( 
boiler  drum  manhole  type.  While  thi: 

Fig.  29.  Inspecting  welds  by  haloge 
leak  detection  apparatus. 
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a relatively  trouble  free  design  it 
jffers  from  the  disadvantages  of  high 
jrging  cost,  and  inaccessibility  of  the 
ibe  fixings  both  for  initial  construc- 
on  and  future  maintenance. 

Fig.  30b,  shows  the  principle  of 
closure  in  which  the  cover  plate  to 
combined  body-tubeplate  forging  is 
eld  in  place  by  a ring  in  shear.  This 
riiiciple  of  construction  is  widely 
sed,  but  there  are  many  variants  in 
le  detail  method  by  which  it  is  ac- 
)mplished.  The  shear  ring  is  in  sec- 
oiis,  and  it  is  usual  to  include  means 
F retaining  these  positively  in  posi- 
on,  and  forcing  screws  for  removal 
:c.  A cover  plate  attached  by  this 
lethod  will  only  carry  the  pressure 
lad,  and  the  fluid-tight  joint  has  to 
e made  by  some  form  of  diaphragm 
Insure  underneath  the  cover,  this  dia- 
hragm  being  flexible  and  transfer- 
ng  the  pressure  load  to  the  cover 
late  and  consequently  the  shear 
ngs.  The  junction  between  the  outer 
:lge  of  the  circular  diaphragm  and 
le  body  may  be  made  with  a clamped 
tint  loaded  by  means  of  bolts,  which 
e sometimes  arranged  to  pass  free- 
' through  the  cover  plate,  or  by  weld- 
ig  tlie  diaphragm  to  a suitable  land- 
ig  on  the  body.  In  this  latter  case 
;'cess  to  the  header  internals  neces- 
tat('s  the  cutting  away  of  this  weld. 

Tliis  type  of  closure  has  been 
sed,  with  many  variations  of  detail 
Bsign,  on  feed  heaters  up  to  the 
ighcst  operating  pressures  yet  built. 

lias  the  advantage  of  reducing  the 
umber  of  fluid-tight  joints  to  one. 

I’ig.  3()c,  illustrates  a type  of 
(■sign  made  po.ssible  by  the  use  ol  a 
idial-pitch  tube-nest  described  earli- 
in  tin's  paper.  The  tube  plate  has 


combined  with  it  in  one  forging  a 
centre  post,  mushroomed  at  its  ex- 
tremity. 

The  cover  plate  spans  the  whole 
area  of  the  header  but  only  carries 
the  load  on  the  toroidal  area  between 
the  centre  mushroom  and  the  ou^-er 
header  barrel.  The  sealing  diaphragm 
is  clamped  at  its  outer  rim  between 
the  cover  plate  and  the  header  bar- 
rel, and  at  its  inner  rim  between  the 
mushroom  and  a separate  clamping 
plate  bolted  to  the  mushroom  head, 
which  is  free  to  move  relative  to  the 
cover  plate.  Any  relative  movement 
between  the  body  and  the  centre  post 
occasioned  by  temperature  difference 
(i.e.  between  flows  of  the  heater)  can 
thus  be  accommodated. 

A further  variation  of  the  ‘ring  in 
shear’  type  of  closure  is  the  breech 
block  type  of  construction  Fig.  30d, 
where  by  use  of  interrupted  segments 
the  shear  sections  can  be  made  in- 
tegral with  the  header  body  and  the 
closure.  While  the  closure  carries  the 
hydraulic  load,  the  fluid  tight  joint 


Fig.  30c.  Radial-pitch  tube  nest. 
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Fig.  30b.  Ring-in-shear-type  header. 


has  still  to  be  made,  either  by  dia- 
phragm below  the  closure  plate,  or 
by  defoiTnable  metal  joint  ring  on  the 
outer  face,  sealing  the  narrow  annu- 
lar gap  between  the  closure  and  the 
header  body. 

A type  of  high-pressure  heater 
often  used  in  European  construction, 
has  a header  and  nest  design  derived 
from  superheater  methods  of  manu- 
facture Fig.  30e.  Here,  the  tubes,  of 
either  hairpin  or  double  hairpin  t\pe, 
and  of  mild  steel,  are  welded  to  a 
drum  header  in  a precisely  similar 
manner  to  that  used  for  boiler  or 
superheater  construction.  Stub  tubes 
are  first  welded  to  the  drums  and  the 
tubes  proper  then  welded  to  the  outer 
ends  of  the  stubs.  This  type  of  con- 
struction has  the  ad\’antage  of  \ irtu- 
alK'  no  joint  problems,  but  access, 
either  to  the  inside  of  the  relatively 
small  diameter  header  drum  or  cx- 
ternalh"  to  the  tubes  in  the  centre  of 
the  nest,  for  the  purpose  of  main- 
tenance in  the  case  of  leakage,  is  re- 
stricted. 

Bolt  Tightening 

While  current  design  trends  tend 
to  a\()id  the  use  oi  boltc'd  construc- 
tion lor  the  highest  pressure  water- 
boxes  such  methods  are  still  \\  idel\ 
used  in  other  circumstances,  and  can 
within  certain  limits  lie  ec'onomical 


Fig.  30(1.  Rreech-hlock  t\pc  licaclcT. 
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and  satisfactory.  It  is  now  common 
practice  on  large  bolts  where  tighten- 
ing to  a given  consistent  stress  level 
is  required,  to  use  torque  wrenches  of 
one  form  or  another  and  it  is  desir- 
able to  know  the  nut  torque  required 
to  obtain  such  stress. 

A number  of  investigations  have 
been  made  of  this  matter,  and  the 
figures  below  refer  to  tests  made  with 
a torque  wrench  on  a test  rig  mounted 
in  a tensile  testing  machine  which 
registered  the  load  obtained.  The  nut 
face  and  threads  were  lubricated  with 
molybdenum  disulphide  compound 
and  a bronze  (or  in  some  cases  steel) 
washer  was  fitted  between  the  nut  and 
the  surface  of  the  studded  test  piece. 
The  bolt  and  nut  material  was  55- 
ton  u.t.s.  chromium-molybdenum 
steel  (En.  20B)  and  the  B.S.F. 
threads  were  a ground  finish.  Varia- 
tions in  the  type  of  lubricant  made 
little  significant  difference  but  absence 
of  lubricant  or  of  the  washer  consid- 
erably increased  the  torque  required 
for  a given  load,  so  that  the  test 
figures  are  considered  to  give  the 
minimum  torque  required.  Some  evi- 
dence is  available  that  indicates  that 
under  usual  commercial  conditions 
the  actual  bolt  load  for  a 2/4-in. 
B.S.F.  bolt  with  an  applied  torque  of 
about  600  lb.  ft.  is  about  80%  of  the 
figure  obtained  on  test  of  30,000  lb. 

From  these  tests  it  is  possible 
to  construct  an  empirical  curve  cor- 
relating the  torque  required  to  pro- 
duce the  maximum  safe  working  load 
with  a range  of  bolt  sizes  as  in  Fig. 
31.  The  scale  of  torque  required  is 
based  on  the  test  conditions  and 
would  therefore  produce  under  com- 
mercial conditions  somewhat  less  than 
the  bolt  load  indicated. 


Fig.  31.  Curve  relating  torque  required 
to  produee  maximum  safe  working  load 
with  bolt  size. 


Fig.  30e.  Drum  header  with  stub  tubes. 


The  Resilience  of  Compressed 
Asbestos  Fibre  Jointing 

Compressed  asbestos  fibre 
( C. A.F.  ) jointing  is  made  in  a variety 
of  thicknesses  and  fonns,  and  infor- 
mation was  required  regarding  its  be- 
haviour, i^articularly  its  resilience, 
under  operating  conditions.  A number 
of  tests  of  representative  kinds  of 
jointing,  both  reinforced  and  plain, 
were  therefore  made  with  a test  rig 
which  gave  the  compression  of  the 
joint  and  also  provided  for  electrically 
heating  the  test  joint  faces,  which 
were  of  mild  steel. 

The  sequence  of  testing,  devised 


to  simulate,  as  nearly  as  possible,  the 
practical  case,  was  as  follows:  | 

1.  Initial  bolting  up  to  about  If 
ton/in.“  loading.  Relaxation  of  joinü 
load  under  hydraulic  test  conditions' 

2.  Loading  again  after  comple  i 

tion  of  hydraulic  test  and  holding' 
loaded  for  I hour.  i 

3.  Loading  to  15,000  lb.  simu  i 

lating  working  condition  (cold  load' 
ing).  Heating  while  loaded  to  450T' 
to  represent  feed-heater  duty  temper  ! 
ature.  j 


4.  Loading  0-40,000  lb.  whiL' 
hot  to  check  resilience  on  short-tim(j 
test.  I 


Fig.  32.  Test  curve  from  compression  and  heating  trials  on  1/32  in.  thick  wire; 
reinforced  C.A.F.  jointing.  ' 
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TABLE  2 

TEST  RESULTS  FOR  VARIOUS 
TYPES  OF  JOINT 


y-pe  of  Jointing 


Thickness  in. 


'anujaclurer  A 


Nominal 


Before  Test 


After  Test 


,A.F 

.A.F 

.A.F.  Brass-wire 


1/32 

1/16 


0.0340 

0.0620 


0.0295 

0.0.540 


inforced 1/16 

.A.F.  Steel-wire 

inforced 1/32 

.A.F.  Double-woven 

eel-wire  reinforced 1/32 

Manufacturer  B 

.A.F 1/32 

.A.F 1/16 

.A.F.  Steel-wire 

inforced 1/32 


5.  Loading  to  15,000  lb.  and 
aiding  for  one  hour  to  represent 
aerating  condition  after  having  been 
aated  and  tightened  up. 

6.  Loading  to  0-40,000  lb.  cold 
I check  cold  resilience  after  service 
nidition. 

Final  thicknesses  after  the  com- 
|etc  cycle  for  various  representative 
rpes  of  joint  are  given  in  Table  2. 

A sample  diagram  for  the  com- 
cte  test  on  a 1/32  in.  thick  steel- 
ire-reinforccd  joint  is  shown  in 
ig.  32. 

Numbers  adjacent  to  the  various 
artions  of  the  cuiwe  correspond  to 
ic  numbered  .sections  of  the  test  se- 
lence  as  given.  The  direction  of  the 
row  head  on  the  curve  gives  the 
lase  of  loading  (up  corresponds  to 
crease,  down  to  decrease)  appro- 
iat(!  to  that  part  of  the  curve. 

because  of  the  effect  of  heating 

I tlie  test  apparatus,  some  doubt 
ay  l)e  expressed  as  to  the  relative 
splae(!ineiit  of  curves  3,  4 and  5 
iriiig  the  heat  cycle,  but  the  slope, 
irtienlarly  of  curve  6,  is  not  in 
iiibt.  'I’his  shows  the  extremely  small 
sidual  resilicMice  available  once  such 
joint  lias  laeen  heatcxl  uiidc'r  coni- 
(‘SSioil. 

M •asureinenl  of  tlu'  aiaproximate 
ipe  of  seelioii  (a  of  the  curves  sliows 
lal  llie  mean  resilience  o\’er  tlu' 
iigc  ()l  eompn’ssioii,  0 to  fla  tcan/in.- 
aproxim.itely,  is  alaoiit  ().()()()  1 in./ 

II  iii.- 

I'liitlier  information  on  tlie  be- 
ivioiir  ol  (;..A.I’.  joiiiliiigs  mider  cold 
iiidilioiis  lias  been  published  by 
onald  and  Salomon.'' 

oneliision 

I 

I Lnnenl  thinking  on  the  sti'am- 
ihiiie  cN'eles  in  v\hieh  Iced  lu'ati'rs 
e mem poraled  leads  to  increasing 
mpei.iinre  and  lari'ssnre  eonditiians 
ider  whieh  the  high-pressni (>  lu'at- 
''  I'aitienlarly  will  ha\'e  to  oper.ite. 
he  snpei  i-i  it  ieal  cycle  is  alre.uK'  ae 


0.06.5.5 

0.0540 

0.0345 

0.0305 

0.0290 

0.0220 

0.0310 

0.0260 

0.0615 

0.0560 

0.0330 

0.0290 

cepted  and  there  is  a trend  to  fur- 
ther increases  in  turbine  unit  size. 

The  necessity  for  the  most  reli- 
able tube  to  tubeplate  joint  under 
such  conditions,  is  in  the  author’s 
opinion,  leading  to  the  more  universal 
use  of  the  welded  joint,  together  with 
the  development  of  more  highly  me- 
chanized means  for  the  manufacture 
of  such  joints  of  consistently  high 
quality.  With  ever  increasing  feed 
pressure  header  design  naturally  tends 
to  the  monolithic,  with  as  few  open- 
ings and  joints  as  possible,  with  the 
natural  result  of  reduced  access  to 
the  feed  side  of  the  tube  to  header 
joint.  In  .such  circumstances,  particu- 
larly with  ferrous  materials,  the 
welded  joint  on  the  steam  side  of  the 
header  may  well  become  increasingly 
attractive. 
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UNIQUE  DESIGN  IN  GLULAM 

B.  Madsen, 

Chief  Engineer,  Glulam  Products  Limited,  New  Westminster,  B.C. 


Presented  at  the  75th  E.I.C.  Annual  General  Meeting,  Vancouver,  May  1961. 


POTASH  is  one  of  the  major  com- 
ponents of  modern-day  fertil- 
izers. Until  recently  potash  had  to 
be  imported  from  New  Mexico  and 
transportation  constituted  a great 
part  of  the  cost.  It  was,  therefore, 
a find  of  great  importance  when  de- 
posits of  potash  were  discovered  in 
Esterhazy,  Sask.,  and  International 
Minerals  and  Chemical  Corporation 
(Canada)  Ltd.,  started  plans  for  de- 
velopment of  the  rich  mine.  The  pot- 
ash is  located  3200  ft.  below  the  sur- 
face and  the  presence  of  water  carry- 
ing Blairmore  presented  some  serious 
problems  with  regards  to  sinking  of 
the  shaft. 

The  demand  for  fertilizer  is  highly 
seasonal,  with  its  peak  occurring  in 
February.  It  is,  therefore,  necessary 
to  have  storage  facilities  to  accom- 
modate several  months  production.  It 
was  deemed  necessary  to  have  III,- 
000  tons  stored  in  the  initial  stage 
of  the  development  of  the  mine, 
enough  to  fill  all  the  cars  in  a rail- 
road train  19  miles  long. 

The  common  layout  for  storage  of 
potash  had  been  long  oblong  build- 
ings in  which  walls  were  installed  to 
divide  the  three  types  of  material 
stored.  On  the  project  in  Esterhazy  it 
was  decided  to  deviate  from  this  pro- 
cedure. Three  separate  buildings  were 
called  for,  one  for  each  size  of  potash, 
with  provisions  for  two  more  build- 
ings when  the  mine  expanded.  Fig.  1. 


Each  building  was  to  contain 
37,000  tons  of  potash.  The  potash 
would  be  brought  from  the  drying 
ovens  on  conveyor  belts  to  the  apex 
of  the  structure.  The  material  would 
then  be  spilled  into  the  building  to 
form  a cone  in  the  centre.  Removal 
of  the  material  would  be  effected 
through  grisslies  in  the  floor  onto 
conveyor  belts  located  in  a tunnel 
below  the  storage  floor.  The  belts 
would  take  the  potash  to  the  pack- 
aging plant  where  shipping  would  be 
made  on  railroad  cars  or  trucks. 

The  problem  which  faced  our  com- 
pany was  to  develop  a design  which 
would  meet  the  outlined  requirements. 
The  pile  to  be  covered  consisted  of 
a cylinder  204  ft.  in  diameter  and 
16  ft.  in  height,  located  below  the 
ground  level.  On  top  of  this  the  pot- 
ash would  form  a cone  62  ft.  high. 
The  structural  frame  would  have  to 
be  entirely  outside  of  this  space. 

Several  structural  systems  were  in- 
vestigated. First  considered  were  glu- 
lam arches.  These  would  have  to  span 
a total  of  208  ft.  and  congregate  in 
a common  peak.  This  meant  that  the 
cladding  would  have  to  be  slightly 
curved.  It  was  specified  that  corru- 
gated galbestos  sheathing  was  re- 
quired. A second  proposed  layout 
consisted  of  straight  glulam  beams 
arranged  in  the  same  manner  as  the 
arches.  The  cladding  would  now  be 
straight  but  the  structural  members 


Fig.  1.  Aerial  view  of  Plant  site.  Storage  buildings  in  foreground. 


would  become  quite  heavy.  A third 
system  consisting  of  a glulam  “spaced  | 
frame”  was  developed.  ! 

The  structures  had  to  be  designed  ' 
for  40  p.s.f.  Live  Load  and  Wind  ■ 
Loads  of:  , 

20  p.s.f.  up  to  30  ft.  above  ground  \ 
25  p.s.f.  from  30  ft.  to  50  ft.  above  ; 
ground  j 

30  p.s.f.  for  50  ft.  to  100  ft.  above  ^ 

ground 

In  addition,  head  houses  for  con- , 
veyor  equipment  and  the  conveyor 
galleries  had  to  be  carried  by  the 
structure. 

The  “space  frame”  was  submitted 
to  the  client;  and  after  thorough  com- 
parison with  buildings  of  other  ma-  ' 
terial  it  was  chosen  as  the  most  suit-  ' 
able  and  economical.  ' 

The  structure  has  16  main  ribs  : 

sloped  towards  the  peak  at  an  angle 
of  32°.  The  ribs  rest  on  a tension, 
ring  built  into  the  top  of  the  founda-  ' 
tion  wall.  The  ribs  do  not  meet  at  ' 
the  top;  but  are  stopped  12  ft.  away  ■ 
from  the  apex.  The  ring  which  con-  ; 
nects  the  ribs  forms  the  perimeter  I 
for  the  operating  floor.  The  ribs  are  ' 
divided  into  four  parts  by  ring  mem- 
bers. The  trapezium  thus  formed  by 
adjacent  ribs  and  rings  is  then  inter- 
sected by  a diagonal  member.  A : 
structure  similar  to  the  so  called 
Schwedler  dome  is  formed;  one  could 
call  it  a Schwedler  cone. 

The  structure  thus  consists  of  16 
ribs,  64  ring  members  and  64  diagon-  , 
als.  Purlins  having  a spacing  of  5 ft. 

9 in.  span  from  rib  to  rib.  A total  of 
320  purlins  are  required  for  one 
building.  [ 

All  the  above  material  was  made  of 
glulam  with  the  exception  of  somei 
of  the  smaller  purlins  which  were^ 
made  of  sawn  timbers.  Connections; 
between  the  main  structural  members 
w'ere  made  by  means  of  steel  plates, 
bolts  and  shear  plates.  ; 


Design 

For  the  purpose  of  the  design  the' 
connection  points  were  assumed  toi 
be  hinges.  This  assumption  is  very 
similar  to  assuming  hinges  in  the  con- 
nection points  in  an  ordinary  truss.  Ilj 
further,  the  supports  are  considered] 
to  be  hinges  in  the  plane  of  the  ribj 
and  held  in  place  in  other  directions.! 
the  structure  becomes  statically  de-. 
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■rmuiate.  The  criterion  is  that  the 
im  of  the  members  plus  the  reactions 
rail  be  equal  to  three  times  the 
anel  points: 

M + R = 3P 

P=:5x16  = 80  Panel  Points 
r = 3x16  = 48  Reactions 
M = 12  X 16  = 192  Members 
192  + 48  = 3 X 80  = 240 
From  the  formula  it  may  be  seen 
lat  the  structure  could  be  considered 
j a four  storey  building;  each  storey 
eing  statically  determinate. 

The  loading  is  earried  by  the  pur- 
ns  to  the  main  ribs.  The  ribs  are 
I turn  considered  to  carry  the  load 
i cross  bending  to  the  panel  points, 
luce  a load  has  been  brought  to  the 
iinel  points  the  stress  analysis  con- 
sts  of  three  dimensional  geometry  as 
lown  by  Muller  Breslau.  The  pri- 
lary  structural  system  will  thus  be 
)mpression  and  tension  members 
id  only  the  ribs  will  have  moments 
-eatcd  by  the  purlin  loads. 

(ladings 

The  dead  load  amounted  to  7 p.s.f. 
f surface  area.  Live  load  was  40 
.s.f.  reduced  for  slope  according  to 
le  National  Building  Code.  This  load 
■as  made  unbalanced  as  indicated  on 
le  drawing.  Full  live  load  was  ap- 
lied  to  the  rib  on  the  left  and  then 
tliiced  evenly  to  zero  at  the  rib  per- 
bndiciilar  to  the  maximum.  Wind 
ads  gave  all  negative  pressure  when 
le  .slope  factors  from  the  National 


Building  Code  were  used.  The  Wind 
load  was  assumed  to  act  perpendicu- 
lar to  the  roof  surface.  The  distribu- 
tion in  magnitude  is  shown  on  Fig.  2. 
This  load  actually  decreased  the 
stresses  in  the  members  so  the  wind 
load  was  allowed  to  act  as  a positive 
pressure  as  well,  using  the  same  dis- 
tribution. 

Head  House  Loads 

The  mechanical  equipment  brought 
on  vertical  loads  of  a magnitude  of 
280  kips.  This  load  was  located 
slightly  off  centre  from  the  line  of 
symmetry.  In  addition,  wind  loads 
acting  on  the  conveyor  galleries  pro- 
duced horizontal  forces  which  had  to 
be  carried  by  the  structure. 

Each  of  the  loading  conditions  was 
treated  separately  and  the  stresses 
found  for  each  member.  The  analysis 
had  to  be  carried  out  for  the  follow- 
ing cases: 

Dead  Load 
Conveyor  Loads 
Balance  Snow  Load 
Unbalanced  Snow  Loads 
Wind  Loads 

Since  some  of  the  loads  could  act 
from  any  direction  whereas  others 
were  fixed  in  position,  it  was  neces- 
sary to  determine  the  maximum  stress 
for  each  member  and  then  find  the 
combination  which  would  give  the 
most  severe  stress  for  the  individual 
member. 


Construction 

The  ribs  had  to  be  7 in.  x 28y8  in. 
at  the  lower  quarter  of  the  length 
and  7 in.  x 2iy8  in.  in  the  second 
quarter.  The  third  and  fourth  quar- 
ters required  cross  section  of  in. 
X 1678  in.  and  514  in.  x 14y8  in.  re- 
spectively. The  total  length  of  the 
ribs  was  to  be  104  ft.  It  was  decided 
due  to  shipping  problems  to  make 
the  ribs  in  two  pieces,  joining  them 
close  to  a panel  point  with  a moment 
connection.  Each  of  the  half  ribs  was 
stepped  to  required  section,  a process 
easily  accomplished  in  glulam.  The 
ring  members  varied  in  size  from 
14y2  in.  X 1.5%  in.  to  7 in.  x 8y8  in. 
The  top  ring  had  to  have  a cross 
section  of  12%  in.  x 1614  in.  because 
of  heavy  concentrated  load  from  the 
head  house.  The  heaviest  diagonal 
was  5y4  in.  x 19y2  in.  and  the  lightest 
was  5y4  in.  x 11%  in.  The  purlins 
varied  in  sizes  from  .514  in.  x 1512  in. 
X .39  ft.  6 in.  glued-laminated  mem- 
bers to  4 in.  X 6 in.  S4S. 

It  should  be  noted  that  the  lower 
purlins  were  heavier  in  cross  section 
than  the  ribs  in  the  top  quarter.  Con- 
nections were  complicated  to  detail, 
because  both  tension  and  (xrmpression 
had  to  be  provided  for.  The  forces  in 
the  connecting  members  had  to  be 
dissolved  in  the  plane  of  the  rib, 
using  three  dimensional  geometr\\ 
Due  to  the  corrosive  action  of  the 
potash,  the  steel  plates  had  to  be  at 
least  % in.  thick. 


Fig.  2.  Distribution  of  unbalanced  Live  Load  and  Wind  Load. 
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Fig.  3.  7 ft.  Model.  The  loading  devices  can  be  seen  below  the  table.  The  frame 
for  the  measuring  gauges  has  not  yet  been  placed. 


Stability 

The  major  problem  in  designing  a 
structure  of  this  nature  is  to  ascertain 
its  stability.  Changes  in  the  length 
of  members  caused  by  the  primary 
forces  can  readily  change  the  shape 
of  the  building.  As  the  number  of 
ribs  increases  the  angle  between 
panels  becomes  smaller.  The  number 
of  ribs  was  chosen  as  a compromise 
between  this  angle  and  the  length  of 
the  secondary  framing  members,  the 
purlins.  With  16  ribs  the  purlins  were 
40  ft.  long  at  the  bottom  and  the 
angle  between  adjacent  panels  was 
11°.  To  determine  the  deflection  of 
the  panel  points  due  to  the  many 
different  loading  conditions  became 
next  to  impossible.  Forty-eight  dif- 
ferential equations  of  fifth  order  with 
48  unknowns  would  have  had  to  be 
solved.  In  addition,  several  modes  of 
buckling  could  occur.  For  instance, 
every  second  rib  could  deflect  in- 
wardly and  the  remaining  ribs  could 
deflect  outwaixl  from  the  line  of  sym- 
metry. Or,  every  third  rib  might  re- 
main in  its  original  position  while  the 
rib  to  the  left  would  go  in  and  the 
one  to  the  right  would  buckle  out- 
ward. 

Rather  than  venture  into  this  very 
cumbersome  method  of  analysis  it 
was  suggested  by  Dr.  R.  F.  Hooley 
of  the  University  of  British  Columbia, 
that  a comprehensive  study  of  a scale 
model  be  undertaken. 

The  size  of  the  model  was  chosen 
as  a compromise  between  two  re- 
quirements. On  one  hand  connections 
were  required  to  be  big  enough  to  be 
manufactured  with  sufficient  accur- 
acy. The  connections  in  the  model 
could  not  be  larger  in  proportion  than 
in  the  prototype.  On  the  other  hand 


the  model  had  to  be  small  enough 
that  loadings  could  readily  be  simu- 
lated. A lineal  ratio  of  1 to  28  was 
chosen.  Fig.  3. 

The  model  was  made  of  plexiglass 
having  a modulus  of  elasticity  of  .45 
X lO*'  p.s.i.  The  ribs  were  lA  in.  x 1 
in.  at  the  maximum  cross  section.  The 
most  difficult  problem  was  to  develop 
connections  which  would  transfer  the 
stresses  and  at  the  same  time  would 
not  impair  the  accuracy  of  the  model. 
A typical  connection  is  shown  on 
Fig.  4.  At  the  points  of  connections 
the  larger  members  were  cut  down 
to  match  the  smallest  member  being 
connected.  Two  aluminum  plates  were 
placed  one  on  each  side  of  the  mem- 
bers and  the  plates  bolted  together 
with  14  in.  bolts.  The  bolts  were 
placed  outside  the  plexiglass  so  that 
the  joint  acted  in  pure  friction.  It 
was  found  that  the  stresses  could  be 
so  great  that  the  friction  would  not 
suffice  to  hold  the  members  in  place. 
In  order  to  overcome  this  condition, 
glue  was  placed  on  the  plexiglass 
members  and  coarse  sand  sprinkled  on 
the  wet  glue.  This  gave  a stronger 
joint.  In  the  model  only  the  ribs  were 
cut  to  the  exact  length.  Rings  and 
diagonals  were  kept  shorter  and  the 
connection  made  up  the  difference. 
The  model  was  assembled  one  panel 
at  a time.  Two  ribs  were  placed  in 
an  accurately  fabricated  jig.  Ring 
members  and  diagonals  were  placed 
and  the  connections  were  made  while 
all  members  were  held  in  a fixed 
position.  This  method  assured  that  all 
panels  were  identical. 

The  model  was  placed  on  a 
specially  constructed  table.  The  table 
was  8 ft.  in  diameter  with  a hole  in 
the  centre  of  6 ft.  6 in.  This  table 


simulated  the  tension  ring  of  the 
foundation.  Each  rib  was  placed  in  ! 
an  indentation  in  the  table  so  that  ' 
horizontal  forces  could  be  absorbed,  i 
The  purlins  and  diagonals  are  con-  ! 
nected  in  the  prototype  to  prevent  ; 
buckling  of  the  diagonals  but  in  the  I 
model  purlins  were  not  used.  Instead,  ’ 
strings  were  stretched  from  rib  to  | 
rib.  Three  strings  were  used  in  the  i 
lower  quarters,  two  in  the  next,  and  ' 
one  in  each  of  the  top  quarters.  Small  I 
hooks  were  placed  on  each  side  of  j 
the  panel  points,  in  such  a manner } 
that  the  moment  distribution  in  the  ' 
rib  would  be  very  close  to  that  of  a ‘ < 
U.D.L.  loading.  Fig.  5.  A suspension' 
system  consisting  of  several  levers  i 
was  developed  in  order  that  the  load 
placed  on  the  platform  below  the; 
table  would  be  distributed  to  the 
panel  points  in  the  same  ratio  as  the, 
live  load  in  the  prototype.  The  plat-' 
forms  were  connected  to  two  ribs  so; 
that  only  eight  places  had  to  hej 
loaded  in  order  to  distribute  the  loadi 
over  the  entire  structure.  Steel  plates  [ 
5 in.  X 5 in.  weighing  3.4  lb.  eacf  ; 
were  used  for  loading.  j 

The  deflection  of  the  structure  was 
measured  with  gauges  mounted  on  b 
frame  independent  of  the  structure! 
The  gauges  measured  to  an  accurac)' 
of  l/IOOOO  of  an  inch.  Three  pane 
points  were  measured  at  each  test  | 
Deflections  were  measured  perpen 
dicular  to  the  rib.  [ 

During  the  test  it  was  noted  thai 
curvature  developed  in  the  ring  memj 
bers  even  though  no  loads  were  at;  ' 
tached  directly  to  these  members,  yj  : 
curvature  gauge  was  used  to  asses  j 
the  magnitude  of  the  curve  for  diffei  ' ! 
ent  loadings.  Fig.  6.  In  addition,  line! 
were  engraved  on  the  members  ad| 
jacent  to  the  panel  points,  in  orde| 
to  detect  any  slippage  of  the  join 

Fig.  4.  Typical  connection  at  pani 
point.  The  main  rib  is  reduced  in  siz' 
to  match  the  ring  members  and  dii| 
gonals. 
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J g.  5.  Diagram  showing  load  distribu- 
lin  device. 


odel  Laws 

Since  the  prototypes  were  to  be 
:ade  of  wood  it  might  seem  strange 
tat  the  model  was  not  made  of  the 
;ine  material.  However,  it  was  felt 
tat  small  imperfections  in  the  wood 
I uld  cause  a false  picture  when  the 
heal  ratio  was  1:28.  Plexiglass  was 
lund  to  be  more  homogeneous  and 
js  easy  to  cut  and  plane.  It  also 
I s a modulus  of  elasticity  which  is 
( ly  one-rpiarter  of  that  of  Douglas 
' . This  meant  that  the  load  applied 
'3iild  only  have  to  be  one-quarter  of 
le  load  required  for  a model  made 
I wood.  One  disadvantage  is  that 
':ien  highly  loaded,  the  plexiglass 
I s a tendency  to  creep.  However,  it 
IS  not  planned  to  leave  the  structure 
Ircled  for  long  periods  of  time.  The 
i[)clcl  law  would  be: 

P P 


a X c Ax  E 

I’  = load  on  prototype 
•\  - cro.ss  section  of  member  in 
i()l()tyi)e 

I']  = niodnhis  of  elasticity  of  glulam 
|)  = load  on  model 
a = cro.ss  sectional  area  of  similar 
ember  in  model 

e — modnlns  of  elasticity  in  ph'xi- 
: iss 

a e 

P — X — X P 

A I’, 

1)  .DOD.'HTI'. 

1 lb.  on  the  nuxh’l  wonhl  bi'  e<(nal 
.ilipruximately  3.2  kips  on  tlu’  pro- 
type. 

■sliiiK 

In  a t<’st  of  this  mUmx'  oiu*  would 
' interested  in  trying  sevr'ial  loading 
ndilions.  It  is  tbereforr'  important 
at  the  ultimate  load  e:n\  lu'  ;issess('d 
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without  destroying  the  model.  In  the 
case  of  columns,  the  critical  loads  can 
be  determined  by  plotting  deflection 
divided  by  load  as  ordinate  and  de- 
flections as  abcisse  in  an  XY  system. 
This  is  shown  by  Timoshenko  in  his 
book  “Theory  of  Elastic  Stability”. 
The  same  straight  line  relationship 
was  observed  in  testing  of  this  model. 
The  ultimate  load  could  therefore 
be  determined  by  assessing  the  slope 
of  the  line  obtained  in  the  co-ordin- 
ate system.  The  test  commenced  by 
taking  the  readings  of  the  three 
gauges.  Then  a load  was  placed  on 
each  of  the  loading  platforms.  Read- 
ings were  taken  for  each  load  in- 
crement. As  the  test  progressed  the 
deflections  were  plotted  so  that  the 
ultimate  load  could  be  predicted. 
When  the  load  approached  the  ulti- 
mate load,  care  was  exercised  in 
placing  the  additional  loads.  Often 
loadings  were  carried  to  within  10% 
of  the  ultimate  load.  However,  in 
some  cases  the  testing  did  not  go  as 
planned.  In  one  case,  a joint  slipped 
causing  two  panels  to  fold  in.  The 
load  had  to  be  removed  and  repairs 
carried  out.  In  another  case  the  load 
touched  the  floor  before  the  full  load 
had  been  applied.  Uniform  loading 
was  applied  three  times.  The  addi- 
tional information  regaiding  bending 
forces  in  the  ring  members  was  col- 
lected during  the  uniform  distributed 
load  test.  In  a good  many  cases  the 
diagonals  could  be  observed  to 
“snake”  between  the  strings  simulat- 
ing the  purlins.  The  maximum  total 
load  applied  amounted  to  760  lb. 


The  loading  system  did  not  provide 
for  horizontal  loads  to  be  placed  on 
the  model  to  simulate  wind  forces. 
Instead  it  was  decided  to  test  the 
model  for  severe  unbalanced  loading 
conditions.  First  a load  similar  to  the 
unbalanced  design  load  was  placed 
on  the  structure  very  gently.  The 
graph  gave  good  straight  lines  with 
an  indicated  ultimate  load  much 
above  that  of  the  U.D.L.  loading.  In 
the  next  test  only  two  ribs  were 
loaded.  Two  gauges  gave  good  con- 
sistent readings  again  with  an  ulti- 
mate load  above  the  U.D.L.  The  third 
test  consisted  of  one-half  the  struc- 
ture loaded.  When  a total  load  of 
325  lb.  was  placed  the  model  was 
shaken  severely  to  see  whether  an 
impact  loading  would  collapse  the 
structure.  This  did  not  happen.  A 
last  unbalanced  loading  test  was  con- 
ducted with  four  adjacent  ribs 
loaded.  The  results  obtained  were 
similar  to  those  of  previous  tests. 

In  some  of  the  tests  one  gauge 
gave  quite  inconclusive  readings, 
whereas  the  other  two  gave  clear 
answers.  The  reason  for  one  gauge 
being  inconsistent  might  be  e.x- 
plained  by  the  fact  that  the  gauge 
was  placed  at  a neutral  point,  or  by 
some  inaccuracy  in  the  manufactur- 
ing of  the  model.  It  was  noted  that 
in  all  the  unbalanced  tests  the  ulti- 
mate load  was  in  excess  of  the  bal- 
anced load  indicating  that  the  struc- 
ture was  not  vulnerable  to  those  con- 
ditions. This  was  contrary  to  expec- 
tations because  stress  analysis  gave 
very  high  stresses  for  unbalanced 


Fig.  6.  Curx'ature  gauge. 


Loading  PL 

So  — 832 

Po 

= 0 

So  = 832 

Po 

= 3 

Ô = 833 

Po 

= 8 

per 

Platform 

5 - So 

P -Po 

5 - So 

X x^ 

P Pr. 

S - So 

P Pr. 

3 - So 

P-Po 

P-Po 

r rQ 

P~Po 

Zero 

832 

0 

0 

3 

832 

0 

0 

0 

0 

0 

8 

833 

1 

8 

0.125 

1 

5 

0.200 

0 

0 

12 

835 

3 

12 

0.250 

3 

9 

0.333 

2 

4 

0.500 

16 

837 

5 

16 

0.312 

5 

13 

0.385 

4 

8 

,0.500 

20 

841 

9 

20 

0.450 

9 

17 

0.530 

8 

12 

0.668 

24 

848 

16 

24 

0.668 

16 

21 

0.762 

15 

16 

0.938 

28 

924 

92 

28 

30 

935 

103 

30 

*One  member  slipped  at  joint 

Fig.  7.  Readings  on  Gauge  #1  during  Test  #1  (balanced  loading). 


loading.  However,  the  model  gave 
sufficient  data  to  assess  the  factor  of 
safety  against  buckling.  The  result 
registered  on  one  gauge  rmder  bal- 
anced loading  is  shown  on  Table  1. 
The  table  shows  the  number  of  plates 
per  platform  in  column  (1).  Column 
(2)  gives  the  reading  on  gauge  No.  1. 
The  next  three  columns  give  the  in- 
crease in  the  deflection  readings  and 
the  increase  in  loading,  using  the 
first  reading  as  reference  marks.  The 
three  next  columns  give  the  same 
values  when  three  plate  loading  is 
used  for  reference.  The  last  three 
columns  show  the  figures  when  an 
eight  plate  loading  is  used  as  refer- 
ence. The  Graph  (Fig.  8)  shows  how 
the  values  form  a straight  line  in  the 
coordinate  system. 

The  factor  of  safety  against  buck- 
ling was  foimd  to  be  2.1  ± 0.4. 

Model  Equal  Prototype? 

Could  it  be  said  that  the  model 
duplicates  conditions  in  the  proto- 
type? Not  exactly.  The  connections 
were  possibly  somewhat  stiffer  in  the 
model  than  in  the  prototype.  On  the 
other  hand  the  cross  section  of  the 
ribs  was  reduced  at  the  connection 
point  in  the  model;  whereas  the  cross 
section  was  carried  right  through  in 
the  prototype.  Also  the  number  of 
purlins  was  much  greater  in  the  pro- 
totype, giving  stronger  bracing  of  the 
ribs.  The  most  important  differences 
were  in  the  head  house.  This  was  30 
ft.  high  and  rigidly  connected  to  the 
top  ring.  The  floor  and  the  roof  were 
constructed  to  form  strong  dia- 
phragms which  distributed  the  forces 
more  evenly  at  the  top  of  the  rib. 

Ring  Members 

As  mentioned,  it  was  observed  that 
the  rings  did  deflect  at  high  loads.  In 
Older  to  maintain  the  same  factor  of 
safety  in  the  prototype  as  in  the 
model,  this  moment  had  to  be  taken 
into  account.  It  was  found  that  the 
moment  amounted  to  338  in.  kips  for 
the  lower  ring  member  and  it  was 
therefore  found  necessary  to  increase 
the  member  size. 


Shop  Drawings 

The  detailing  of  this  structure  com- 
menced with  accurately  locating  the 
connection  points  using  three  dimen- 
sional coordinate  system.  The  toler- 
ance allowed  was  1/32  in.,  so  the 
calculations  were  carried  to  l/64ths. 
The  model  was  used  frequently  to 
visualize  problems  in  detailing.  The 
main  structures  were  identical  in  the 
three  buildings  but  the  arrangement 
in  the  head  houses  varied.  The  head 
houses  consisted  of  glulam  columns 
with  Vz  in.  plywood  sheathing  fas- 
tened on  the  inside  and  the  outside  of 
the  column.  The  conveyor  galleries 


landed  on  a steel  frame  bolted  to  thej 
glulam.  Co-ordination  of  drawings  had' 
to  be  carried  out  with  several  other 
firms.  ' 

Manufacturing  j 

All  the  glulam  was  produced  ac  ' 
cording  to  the  Canadian  Standard  As-  i 
sociation  Specification  0122.  Only 
waterproof  glue  was  used.  All  qualit) 
control  requirements  called  for  by  the  i 
Canadian  Institute  of  Timber  Con  ' 
struction  were  adhered  to.  In  order  tci 
test  all  patterns  for  the  members  anc; 
jigs  for  the  steel  connections,  tw(i 
pieces  of  each  kind  were  made.  Tw(| 
panels  were  assembled  in  the  yarc; 


Fig.  8.  Results  from  Fig.  7 shown  in  graph  form. 
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t the  plant.  Dimensions  and  angles 
I'ere  checked  before  the  mass  pro- 
'uction  was  started.  The  quality  con- 
ol  department  was  instructed  to  pay 
xtra  attention  to  framing. 
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Fig.  9.  Inside  view  of  the  structure.  Men  in  process  of  placing  piu:lins. 


ire  Retardant  Treating 
The  structural  members  were  pres- 
rre  treated  with  a commercial  fire 
îtardant.  These  were  the  first  major 
ructures  in  Canada  to  receive  this 
eatment.  The  retardant  is  a pres- 
ire  treatment  which  reduces  the 
ame  spread  rating  to  below  25.  The 
wner’s  insurance  company  called  for 
11  purlins,  diagonals  and  ring  mem- 
bers to  be  treated.  The  continuous 
jain  ribs  did  not  have  to  be  treated. 
1/hen  one  considers  the  facts  that 
bme  purlins  had  a larger  cross  sec- 
on  than  the  top  of  the  main  rib  and 
(lat  the  purlins  were  spaced  5 ft.  9 in. 
ïjart  it  seems  strange  that  this 
ivision  was  made.  Other  fire  experts 
ave  expressed  the  opinion  that  they 
[oiild  have  called  for  ribs  and 
iagonals  to  be  treated  but  not  the 
lolated  purlins  and  rings.  This  points 
I»  the  need  for  further  study  of  fire 
[qiiirements  and  particularly  the  ad- 
mtages  of  “fire  stable”  glued-lamin- 
ed  material. 

rection 

The  shipment  of  the  material  was 
Jade  in  flat  cars  directly  to  the  job- 
jte.  While  the  unloading  of  the  28,- 
00  pieces  took  place,  the  base  plates 
ere  brought  into  position.  The  foun- 
itions  were,  despite  their  huge  size, 
jiiincl  to  be  very  exact.  Not  one  of 
Je  almost  300  anchor  bolts  was  out 
V more  than  1/16  in.  The  erection 
Jllowed  the  same  sequence  as  the 
iseinbly  of  the  model.  Eight  panels 
|er(!  assembled  and  placed  with  the 
hints  toward  the  center  of  the  build- 


ing. A column  was  attached  by  means 
of  a hinge  to  the  ring  #3.  Two  cranes 
lifted  the  whole  panel  and  raised  it 
into  position.  The  pins  were  driven 
at  the  base  connection.  The  column, 
a 10  in.  pipe  reinforced  with  span 
stays  was  then  placed  in  a vertical 
position.  The  cranes  could  now  be 
freed  and  moved  over  to  the  next 
panel.  When  the  eight  panels  were  in 
place  the  intermediate  members  were 
placed,  starting  from  the  top.  Mem- 
bers were  lifted  by  crane  standing  on 
the  outside  of  the  building.  The 
columns  were  raised  or  lowered  by 
hydraulic  jacks  to  ea.se  the  placing  of 
the  members.  This  was  necessary  be- 
cause the  top  of  the  panel  deflected 
9 in.  when  supported  as  described. 


When  all  members  were  in  place  bolts 
were  tightened  and  placing  of  purlins 
commenced.  By  using  this  method  of 
erection  it  was  possible  to  avoid  scaf- 
folding entirely.  The  head  houses  were 
assembled  in  four  pieces  on  the 
ground  and  hoisted  through  the  center 
ring.  An  access  stair  was  erected  on 
the  outside  of  the  building  and  ap- 
plication of  sheathing  constituted  the 
last  phase  of  the  job. 

Statistics 

The  structures  contained: 

1,630  structural  members 
7,250  bolts  and  lag  screws 
9,300  shear  plates 

3 acres  of  Galbestos  sheathing 
9,000  lbs.  waterproof  glue 
51.500  lbs.  fire  retardant  salts 
112.000  lbs.  steel  for  connections 
It  took  16  full>'  loaded  railcars  to 
ship  the  ine-fabrie.itetl  buildings  to 
the  jobsite. 


Fig.  10.  Building  with  Head  Houses.  Sheathing  being  applied. 
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The  solution  of  present  clay 
engineering  problems  is  generally 
accomplished  by  the  use  of  one  or  more 
of  the  following  four  methods  ; 

1 .  Experimental  analysis  of  the  system 
including  the  use  of  dimensional  analysis 
and  scale  models.  This  method  is 
usually  very  time-consuming  and  often 
is  impractical. 

2.  Mathematical  solution  of  the 
governing  equations.  This  gives  the 
most  useful  results,  however  it  is  also 
the  least  versatile  method. 

3.  Numerical  solution  of  the  govern- 
ing equations.  This  is  the  most  versatile 
of  all  the  methods,  however  it  is  also 
very  time-consuming  unless  a large 
number  of  similar  problems  are  to  be 
solved  on  a digital  computer. 

4.  Experimental  analysis  of  a mathe- 
matically analogous  system  which  is 
more  convenient  to  work  with  than  the 
original  system.  The  physical  properties 
of  the  two  systems  being  related  through 
the  use  of  dimensional  analysis. 


The  last  method,  which  is  the  subject 
of  this  paper,  is  neither  the  most  precise 
nor  the  most  versatile  of  the  four 
methods,  however  it  combines  good 
engineering  accuracy  with  ease  of 
operation  to  a higher  degree  than  any  of 
the  other  experimental  or  numerical 
methods.  It  also  gives  an  excellent  in- 
sight into  the  behaviour  of  the  physical 
system  since  the  effect  of  varying  any  of 
the  system  parameters  may  be  ob- 
served immediately. 

Since  electric  circuits  can  be  set  up 
which  are  mathematically  analogous  to 
any  given  physical  S3'stem  and  since 
electrical  potentials  ma\'  be  easily  and 
accurately  measured,  electric  analog 
computers  are  used  more  extensively 
than  any  other  type.  Because  of  this 
versatility  only  electric  analogs  are 
discussed  in  this  paper.  For  convenience, 
these  computers  have  been  classified  as 
being  either  “Special  Purpose”  or 
“General  Purpose”.  The  former  are 
designed  to  solve  certain  specified 


equations  whereas  the  latter  are  cap- 
able of  solving  almost  any  system  of  : 
equations,  the  only  limitation  being  the 
size  of  the  computer  available.  These  ' 
two  types  of  analogs  supplement  one  ' 
another  in  that  most  of  the  problems 
readily  solved  by  special  purpose  analog  j 
computers  would  require  a very  large, 
expensive,  general  purpose  unit  for  their  i 
solution.  I 

This  paper  is  concerned  primarily  , 
with  the  applications  of  conducting  j 
sheet  and  resistance-capacitance  net-  ji 
work  special  purpose  analogs  and  the 
d.c.  electronic  analog  computer.  Typical  , 
engineering  applications  are  discussed  j 
in  some  detail  and  this  is  followed  by  a 
comparison  as  to  accuracy,  flexibility 
and  ease  of  programming. 

SPECIAL  PURPOSE  ANALOGS  | 

In  order  that  systems  be  mathe-  j 
matically  analogous  they  must  obey  I 
the  same  basic  differential  equation  | 
and  have  analogous  boundary  and  j 
initial  conditions.  Under  these  condi-  j 
tions  the  systems  may  be  non-dimen-  j 
sionalized  in  such  a way  that  the  result- 1 
ing  equations  and  boundary  conditions; 
are  identical.  ; 

Table  I lists  three  frequently  occurr- 1 
ing  differential  equations  along  with 
some  of  the  engineering  fields  in  which 
they  arise.  Since  all  the  systems  govern-  ^ 
ed  by  the  same  equation  are  analogous,  | 
a solution  of  one  constitutes  a solution  ; 
for  all.  The  criterion  used  in  selecting 
an  electrical  system  as  the  analog  dis-? 
cussed  in  this  paper  is  its  versatility  and  j 
the  ease  with  which  the  sj^stem  may  be; 
set  up,  the  boundary^  and  initial  condi- 1 
tions  met,  and  the  necessary  measure-; 
ments  made. 

To  solve  the  equations  in  Table  I,  it  is  j 
necessary  to  work  with  a continuous] 
medium.  Electrically  this  is  not  feasible^ 
if  the  problem  is  transient  and  hence  re-  ; 
quires  a continuous  medium  having; 
both  resistance  and  capacitance  in  the  ; 
desired  proportions.  This  difficulty  may 
be  by-passed  by  approximating  the  j 
given  equation  by  writing  it  in  finite  | 
difference  form.  This  permits  the  use  o?! 
lumped  elements  such  as  resistors  am  j 
capacitors  in  the  desired  proportions  ■ 
The  use  of  electric  netw'orks  to  simulate 
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I TABLE  I 

Some  Mathematically  Analogous  Systems 

iasic  Equations  : vV  = 0 . . . (1),  — g<i>  + f . . . (2), 

V • kV4>  = C{d<t>lat)  + + / . . . (3j 


Symbol  Interpretation 
Physicial  Eq’n 


Phenomenon 

4> 

k 

C 

g 

/ 

llectrical 

3 

V (x,y,z,t) 

ke(x,y,z) 

Ce(x,y,z) 

G,{x,y,z) 

i"'{x,y,z) 

Conduction 

2 

V {x,y,z) 

k. 

— 

GJx,y,z) 

i"'{x,y,z) 

1 

V {x,y,z) 

— 

— 

— 

/eat  Conduction 

3 

T{x,y,z,t) 

kt{x,y,z) 

pCp(x,y,z) 

h(x,y,z) 

qr'{x,y,z) 

2 

Tix,y,z) 

k, 

— 

h{x,y,z) 

qr{x,y,z) 

1 

T{x,y,z) 

— 

— 

la.ss  Diffusion 

3 

p(x,y,z,i) 

D{x,y,z) 

1 

0 

m"'{x,y,z) 

2 

p{x,y,z) 

D 

— 

0 

m"'{x,y,z) 

iuid  Flow  Through 

1 

p{x,y,z) 

— 

— 

— 

— 

3 

P{x,y,z,t) 

ivlv){x,y,z) 

pKJp{x,y,z) 

0 

0 

; a Porous  Medium 
lembrane 
' Deformation  Due 

1 

P{x,y,z) 

1 to  Pressure 
lor.sional  Shear 

2 

Z{x,y) 

1 

— 

0 

P/r' 

1 Stress 

larmonic  Vibrations 

2 

1 

— 

0 

— 2G*0 

1 Elastic  Membrane 

2 

Zi(x,y) 

1 

— 

— m"w^l  r' 

0 

haft  in  Torsion 

2 

eiz) 

1 

— 

-J'w'^jG 

0 

icneral 

2 

U {x,y,z) 

1 

— 

— pw^/ E 

0 

leal  Fluid  Flow 

1 

<t>ix,y,z) 

— 

— 

— 

— 

continuous  systoin  also  makes  it  sin)|)le 
ii  analyse;  problems  involving  non- 
jotropic,  non-liomogenious  media. 

'I'lien;  an;  two  continuous  medium 
octric  analogues  that  arc  used  v\- 
■nsively  to  solve  Lai)lace’s  and  Pois- 
m’s  ceiuation.  P’or  tlin'o-dimensional 
|■oblcms  eleedrolytie  tank  models  are 
anally  used  while;  e'e)nelue’ting  sliev't 
iielejgs  proviele'  a veuy  simple*  me'theeel  eef 
living  twe)-elime*nsional  proble'ins.  Sine'e* 
le*  iiiiideig  ajipreiae*!)  to  the*  use*  eil'  beith 
t.he'se*  syste*ms  is  iele*ntie*!d,  endy  the 


simpler  condue'ting  sheet  analog  will  be 
ce)nsielere*el  here*.  For  further  informa- 
tiein  on  the*  te*chniques  involved  anel  the 
e*quii)me*nt  reejuire*el  in  the  use  of 
e*Ie*e*tre)lytie;  tanks,  the*  reaeler  may  refer 
to  the*  beiok  by  Kiirplus.'  Paschkis" 
give*s  an  exte*nsie)n  of  the  electrolytic 
tank  te*chnieiue  tei  the  solutiem  of 
transie*nt  probIe*ms. 

The  Conducting  Sheet  Analog; 

.\s  its  name*  implie*s  this  einaleig  utilizes 
the*  e*le'e'trie'al  ])re)pe*rtie*s  of  a home)ge*ne- 


ous,  uniform,  isotropic  sheet  of  conduc- 
ting material  and  is  used  to  solve 
Laplace’s  or  Poisson’s  equations  in  one 
or  two  dimensions.  The  potential  distri- 
bution throughout  a system  is  obtained 
by  determining  the  position  of  a number 
of  equipotential  lines  on  the  analog  b}- 
means  of  a probe  w*hich  is  moved  over 
the  surface  of  the  conducting  paper. 

The  factors  which  control  the  ac- 
curacy of  conducting  sheet  analog 
solutions  are  : — 

(i)  the  degree  of  uniformit}'  of  the 
conducting  paper  ; 

(ii)  the  degree  of  isotropy  of  the 
conducting  paper  ; 

liii)  the  sensitivity  of  the  probe 
circuit  ; 

(iv)  the  accurac}'  to  which  the 
boundary  conditions  are  met. 

Karplus^  has  tabulated  the  properties 
of  various  conducting  sheet  materials 
and  has  indicated  an}-  special  precau- 
tions which  should  be  considered  for 
each  material  used.  With  care,  the 
results  may  be  expected  to  be  within 
5%  of  the  correct  values. 

Since  the  voltage  distribution 
throughout  a conducting  sheet  satisfies 
Laplace’s  equation,  any  problem  govern- 
ed by  equation  fl),  (Given  in  Table  I) 
maji^  be  solved  bj*  cutting  the  conduct- 
ing sheet  to  the  desired  shape  and  then 
applying  a voltage  distribution  along  the 
boundaries  which  is  analogous  to  the 
potential  distribution  along  the  system 
boundaries. 

Problems  satisfying  equation  (2)  may 
be  solved  using  a conducting  sheet 
analog  b}-  thr(*e  different  methods,  two 
of  which  an*  similar. 

Any  variable  (p  satisfying 

lS,-(p  = C (a  constant  i *4; 

may  lie  transformed  into  a variable  \p 
which  satisfi(*s 


Fig.  2.  Fluid  Flow  .‘Viialog  Clirciiit. 
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Fig.  3.  Torsional  Shear  Stress  Analog 
Circuit. 

AV  = 0 (5) 

by  the  transform 

(j)  = 4'  + C{aÿx^  + «i.T  + a2xy  + «32/ 

+ «42/2  +05)  (6) 

where  the  constants  Ui  may  be  arbi- 
trarily chosen  with  the  only  limitation 
being  (ao  -f  «4)  = h-  The  values  for  the 
a,-  are  generally  selected  to  provide  the 
simplest  transformed  boundaiy  condi- 
tions. The  solution  of  the  original 
equation  is  thus  obtained  by  solving  for 
4^  using  the  conducting  sheet  analog 

with  the  transformed  boundary  condi- 

tions then  calculating  (p  from  these 
results  using  equation  (6).  The  only 
approximations  that  may  be  involved 
in  this  procedure  are  in  the  electrical 
simulation  of  the  transformed  boundary 
conditions.  This  is  usually  accom- 
plished by  painting  along  the  boundary 
with  a conducting  paint  and  then  em- 
bedding a number  of  terminals  in  the 
paint.^  Any  desired  voltage  distribu- 
tion can  then  be  approximated  by 
applying  an  appropriate  voltage  to  each 
of  the  terminals. 

The  other  two  methods  are  approxi- 
mate but  they  give  the  values  of  <j) 
directly  and  can  be  used  without 
difficulty  to  solve  the  general  equation 
(2)  as  well  as  equation  (4).  The  elec- 
trical system  that  is  directly  analogous 
to  equation  (2)  is  a conducting  sheet 
with  uniformly  distributed  but  varying 
current  leakage  or  gain.  Since  it  is 
usually  not  feasible  to  have  a uniformly 
distributed  current  source  or  sink^,  the 
conducting  paper  may  be  supplied  with 
localized  current  sources  at  the  mid- 
points of  imaginary  grid  areas  covering 
the  analog.  The  resulting  voltage 


distribution  is  the  required  solution 
of  4> 

A simpler  and  more  accurate  method 
is  to  provide  a distributed  current 
source  over  one  single  grid  area  at  a time 
measuring  the  resulting  voltages 
throughout  the  analog  for  each  position 
of  the  current  source.^  The  sum  of  the 
readings  at  any  given  location  is  the 
value  of  (p  for  that  position.  The  magni- 
tude of  the  current  supplied  at  each 
grid  point  is  made  proportional  to  the 
magnitude  of  [f{x,y)  -f  gix,y)(p]  in 
equation  (2). 

Problems  involving  a composite  sj^s- 
tem  may  be  solved  using  a conducting 
sheet  by  cutting  portions  of  the  analog 
sheet  into  a mesh  which  gives  the  re- 
quired resistance.®’’^ 

Conducting  sheet  analogs  are  also 
very  useful  in  determining  two-dimen- 
sional geometric  shape  factors  “S”  as 
defined  l)y 


placed  in  series  with  the  analog  as 
shown.  The  shape  factor  may  then  be  | 
calculated  from  the  measured  quantities  i 
AFi  and  AF2  as  follows.  By  definition  i 
of  the  shape  factor  | 

i = Sk.LAVi  = SALAV2  = hLAV2  ! 
thus,  I 


The  mass  flow  rate  of  the  given  fluid  per  | 
unit  depth  of  the  cross  section  may  ■■ 

then  Ire  calculated  from  * 

)■ 

I 

m'  = S{p/v)APb  (9)  j 

where  S is  obtained  from  equation  (8).  j 
The  conduction  heat  transfer  through  i; 
this  same  shape  could  also  be  easily 
calculated  from  the  equation  |. 

I'i 

qt  = k^ATb  (10)  I 


Flux  = q = SLkAcPb,  (7) 

for  systems  with  equipotential  bound- 
aries. L represents  the  dimension  normal 
to  the  cross  section  being  studied. 

The  following  examples  illustrate 
some  of  the  uses  of  a conducting  sheet 
analog. 

Mass  Flow  Through  a Porous  Medium  : 
Consider  the  problem  of  determining 
the  steady  state  mass  flow  rate  of  a 
fluid  through  a homogenious,  porous 
medium  having  the  cross-section  shown 
in  Fig.  1 where  the  inner  and  outer 
boundaries  are  maintained  at  a constant 
pressure. 

If  the  pressure  distribution  through- 
out the  body  is  not  required  this  prob- 
lem is  simply  one  of  finding  the  geo- 
metric shape  factor  “S”  for  the  given 
cross  section.  The  circuit  used  to 
determine  S is  shown  in  Fig.  2.  The 
conducting  sheet  analog  dimensions 
“hi”  are  made  proportional  to  the 
corresponding  dimensions  “L”  of  the 
given  shape  and  equipotential  bound- 
aries are  provided  as  shown.  A square, 
which  has  a shape  factor  »Ss  = 1,  is  cut 
from  the  same  conducting  sheet  and 


Fig.  4.  Lumped  Element  Electric  Analog 
Circuit. 


The  other  phenomena  listed  in  | 
Table  I which  satisfy  equation  (1)  can  1 
be  treated  in  a similar  manner.  | 

Torsional  Shear  Stress  The  deter-  j 
mination  of  the  torsional  shear  stress  , 
within  a cylinder  having  any  arbitrary  | 
cross  section  resolves  itself  into  the  J 
solution  of  Poisson’s  equation  for  the  1 
torsional  shear  stress  function  <p.  To 
illustrate  this  problem  consider  a shaft 
having  the  cross  section  shown  in  Fig.  1.  ; 
Using  the  transform  technique,  let  ' 

(p  = 4/  ~ Ge{x^  + 7/)  (11) 


where  the  origin  is  taken  at  the  center  j 
of  the  circle.  This  particular  trans-  ! 
form  was  chosen  so  that  the  transformed  ! 
boundary  condition  for  the  circle  re-  ! 
mains  an  equipotential  surface.  j 

The  required  circuit  for  this  solu-  j 
tion  is  shown  schematically  in  Fig.  3 Î 
where  nine  terminals  have  been  indi-  ' 
cated  to  roughly  approximate  the  ; 
required  transformed  boundary  condi-  | 
tions.  The  required  voltages  to  be  | 
supplied  to  these  points  may  be  ob-  j 
tained  by  tapping  off  a resistance  wire  ; 
placed  across  a battery.  ) 

The  transformed  boundary  condi- 
tions are  such  that 


4'i  = 
4^2  = 


+ (Lif 


I 

j 


^7  = —Gd[{Li  — L3)  -|-  (L2  — T4)  ] 


(12): 

The  voltages  to  be  applied  at  termin' 1 
als  1 to  9 must  be  proportional  to  the/ 
calculated  values  of  1/'  at  each  of  the  ' 
points.  Non-dimensionalizing  both  sys-| 
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(■Ills  l)y  dividing  each  boundary  value 
liy  tlio  corresponding  maximum  liound- 
!ry  value  (which  happens  to  be  at  point 
j'  in  this  case),  the  following  relations 
're  obtained 


,1  -'tl  Yl  =^1  Yl  fiQ) 

'^7  iAt’ 

b may  be  any  arbitrarily  selected 
onvenient  voltage.  The  transformed 
Itress  potential  at  any  point  is  thus 
lelated  to  the  voltage  at  that  iioint  by 
he  (‘(juation 

The  true  stress  potential  “4>”  at  any 
boint  may  then  be  calculated  using 
'(juation  (11). 

'I’lie  torsional  .stress  “t”  at  any  iioint 
s given  by  (l4>/dn,  where  7i  is  the  direc- 
ion  normal  to  the  isopotential  curves, 
iiid  hence  the  maximum  torsional 
jtress  occurs  where  the  lines  of  constant 
I are  closest  together. 

I Note  that  the  magnitude  of  the 
limensionless  terms  in  equation  (13) 
re  dependant  only  on  the  geometry  of 
he  system,  hence  the  analog  results 
litained  are  aiiplicable  to  the  solution 
f jiroblems  involving  any  of  the  other 
henomena  listed  in  Table  I that  obey 
(juation  (4).  The  oidy  difference  occurs 
I the  value  of  ^p^  in  equation  14  and  in 
he  final  calculation  of  (j)  using  ('(luation 
II)  since  the  value  of  the  constant  in 
(juation  4 will  vary  from  case  to  case. 


he  llesistance-Capacitance 
let  work  Analog'*: 

'I'liis  analogue  compliments  the  use 
f tli(!  conducting  .sheet  analog  in 
liât  while  it  may  be  used  to  solve  any 
f the  (’(juations  in  Table  1,  it  finds  its 
riniary  use  in  the  solution  of  the 
raiisient  jiroblems  governed  by  l'àj.  (3). 

'I’lie  use  of  any  network  analog  re- 
iiires  that  the  original  .sy.stem  be  sub- 
ivided  into  a number  of  discrete  ele- 
lents.  The  jirojierties  of  each  of  these 
iriiients  is  then  simulated  in  the 
iialogoiis  electric  circuit.  'I’lie  suli- 
ivisioii  of  any  continuous  medium  is 
mtlicmatically  e(jui valent  to  ajijiroxi- 
lating  tlie  governing  differeidi.'d  e(jua- 
^(iii  liy  its  corresjionding  (initc  dif- 
li'ciicc  c(|uation.  Unfortunately,  the 
'rror  involved  in  this  discretizing  i)roc('ss 
hnnot  be  estimated  until  after  a test 
as  been  nm.  In  order  to  minimize  this 
\ |ic  nl  error  smaller  elements  should  lie 
|sed  in  regions  where  rajiid  changes  in 
|he  jiotenlial  gradient,  are  tn  be  ex- 
erted. ()ther  soui'ees  of  errors  are 
isriis.sed  by  I’asehkis  and  lleisler**’. 

Ill  the  analogous  electric  circuit 
aparitoi's  are  the  analog  of  the  storage 
ajiaeity  for  each  element  while  elec- 
rieal  resistors  are  the  analog  of  the 
'sistanee  olïered  by  the  medium  to  the 


flux  through  the  element  in  any  direc- 
tion. Thus  any  three-dimensional  lump- 
ed element  will  appear  in  its  analogous 
electric  network  as  shown  in  Fig.  4. 

The  size  of  the  various  resistors  and 
capacitors  for  any  given  lumped  element 
for  any  given  proldem  may  be  deter- 
mined as  follows.  In  general  the  rela- 
tionship betw'een  the  flux  in  the  x direc- 
tion and  the  potential  is  given  by 

q = -kA~  (1,5) 

ax 


system.  As  a result  the  following 
relationships  are  obtained. 

A0/A</)„  = Â0  = AV=AV/AV„  (21a) 


R/Rm  = R = Rc  = Rt/Rcm  (21b) 
C/Cm  =C  = â = C,/C\m  (21c) 


qRm/A4>m  = q = i = iR,„/AVm 

(21d) 

t/RmCm  = t = U = U/R,mC,m 

(21e) 


The  flux  through  a small  element  may  be 
apijroximated  by 


q = -kA 


A(j} 

Ax 


A(j) 

It 


(16) 


where  the  resistance  R is  defined  by  this 
equation.  The  rate  of  storage  in  any 
small  element  is  given  by 


(It 


(17) 


wliere  C rejiresents  the  storage  capacity 
of  the  element.  The  corresponding 
electrical  equations  for  current  flow 
through  a resistor  and  storage  by  a 
cajiacitor  are  resjiectively 

i = -A  17/7,  (18) 

and 

i = (AdV/dtc  (19) 

The  five  terms,  i,  U,  R„  Cc  and  in 
(■(juations  (18)  and  (19)  may  be  non- 
dimcnsionalized  by  letting 


AU  = AF/AUm  volte/volt  (20a) 

= R^/Rem  nieg()hm.s/megohm  (20b) 
(R  = Ce/Civ,  microfarads/mierofarad 

(20c) 

li’rom  e(juation  (18) 

i = /7i',m/A Fm  amjieres/amiiere  (20(1) 
and  by  e(juating  (IS)  and  (HI) 

/,  = /,/ A’,, nf  '.n,  seconds/second  (20e) 
I'kjualions  (16)  and  (17)  may  be 
similarls'  non-dimensionalized  using  the 
eorresjionding  terms  for  the  jihysieal 


Since  there  are  five  electrical  terms 
and  only  two  equations  relating  them, 
values  may  be  arbitrarih*  chosen  for  the 
electrical  non-dimensionalizing  quanti- 
ties, Vm,  Rem  uiid  Cem-  As  a rcsult  values 
are  selected  for  them  comensurate  with 
the  available  potential  supply,  resistors, 
capacitors  and  the  desired  time  constant 
which  is  given  by  the  product  RemCm- 
The  magnitude  of  this  product  governs 
the  time  required  for  a solution  and 
hence  the  type  of  input  power  supplj' 
and  output  recording  device  required. “ 
If  the  time  constant  is  small,  electronic 
function  generators  and  oscilloscopes 
must  be  used.  If  the  time  constant  is 
large  the  input  max'  lie  generated 
manuall}!  using  a slide  wire  potentio- 
meter and  batteiy  and  the  output  meas- 
red  by  a high  impedance  voltmeter  or 
recorder. 

The  resistance  capacitance  network 
analogue  at  the  University  of  Sas- 
katchewan is  capable  of  simulating  .50 
lumped  elements.  Zero  to  five  megohm 
variable  resistors  are  available  as  well  as 
jirecision  cajiacitors  in  .0.5  microfarad 
increments  from  .20  microfarads  to  15 
microfarads  or  more  if  necessary.  Thus 
electrical  time  constants  are  available 
from  zero  to  over  one  minute.  An 
electrical  system  having  a time  constant 
of  a few  seconds  can  usually  be  handled 
manually. 

Table  II  gives  the  interjiretation  of 
the  terms  in  (■(juations  (16)  and  ; l7i  for 
various  jihysieal  jihenomena  along  w ith 
tyjiieal  engineering  units. 

Till'  following  examjiles  illustnite 
some  of  the  u.-^es  of  a resistanee-eajiaeit- 
ance  electric  netwnrk. 


I AHi.i;  n 

-N'clwoik  liiinpod-elenu'nt  analouici 

Rhi/nicnl 


I’lir.iioinnitiii 

Flux  q 

Itruislitiin  lx 

Flllt'llfllll  -T! 

t'lj/MiriViiii!-- 

1 

Fleet  rieal 
( '(iniluetiiin 

.■imperc" 

It,  ine(;i>lun> 
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1 b'.'it  ( 'iiiiiliieliiiM 
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Fig.  5.  Transient  Fluid  Flow  System  (a)  and  Analog  Cireuit  (b). 


Transient  Flow  Through  a Porous 
Medium  : Consider  the  one-dimensional 
flow  of  a fluid  through  the  porous 
medium  shown  in  Fig.  5(a)  due  to  a 
pressure  variation  at  one  surface  while 
the  pressure  remains  constant  at  the 
other.  The  medium  may  have  si^atially 
varying  porosity  and  permiability  with- 
out increasing  the  difflculty  of  the 
problem. 

The  medium  has  been  shown  sub- 
divided into  five  laminations.  The 
average  value  of  the  medium  properties 
may  be  calculated  for  each  lamination 
hence  the  resistance  to  flow  and  the 
storage  capacity  of  each  lamination  may 
be  calculated  as  indicated  in  Table  II 
with  the  area  taken  as  unity. 

The  equivalent  electrical  network  is 
shown  in  Fig.  5(b).  The  relationship 
between  the  various  electrical  and  flow 
terms  are  as  given  in  equations  (21) 
where  A<^,„  = niay  be  any  charac- 
teristic pressure  magnitude.  For  this 
case  APm  could  conveniently  be  taken 
as  the  pressure  difference  across  the 
medium  at  any  given  time.  Let  it  be  the 
ma.ximum  pressure  difference  that 
occurs.  AFm,  which  may  have  any 
arbitrary  magnitude,  is  then  the  maxi- 
mum voltage  difference  applied  to  the 
circuit.  Rm  and  Cm  may  be  arbitrarily 
selected  as  the  flow  resistance  and 
capacitance  of  the  first  lamination.  The 
magnitudes  of  Rem  and  Cem  should  be 
selected  to  give  a convenient  electrical 
time  constant  (RemCem).  For  the  circuit 
shown,  this  should  be  such  that  the 
operator  has  sufficient  time  to  stimulate 


the  desired  pressure  variation  by  using 
the  slide  wire  potentiometer. 

The  mass  flow  rate  through  unit  area 
at  either  surface  may  be  obtained  by 
measuring  the  corresponding  electric 
current  with  an  ammeter,  then  solving 
for  the  mass  flow  rate  using  equation 
21(d).  The  change  in  the  mass  of  fluid 
stored  in  any  lamination  from  the 
initial  state  to  any  later  time  may  also 
be  obtained  by  using  the  equation 

(m  - minilial)  = C{P  - PiniUal)  (22) 

where  C is  the  storage  capacity  of  the 
lamination  in  question. 

The  pressure  difference  (P  — Pe  at 
the  mid-point  of  each  element  may  be 
calculated  by  measuring  the  voltage  at 
the  corresponding  point  in  the  electric 
circuit  then  using  eejuation  21(a). 

P Heat  Transfer:  To  illustrate  this 
phenomenon  consider  the  problem  of 
determining  the  refrigeration  capacity 
required  to  reduce  the  temperature  in  a 
room  containing  a mass  M a given 
number  of  degrees  in  one  hour.  To 
simplify  this  problem  consider  the  case 
where  all  the  walls  and  ceiling  are  of 
the  same  construction  and  material,  and 
hence  they  may  be  grouped  together 
and  treated  as  one  surface.  The  floor  will 
be  considered  as  a separate  flow  path. 

The  room  is  shown  schematically  in 
Fig.  6(a)  and  the  analogous  electric 
circuit  in  Fig.  6(b). 

The  outside  air  temperature  surround- 
ing the  walls  and  the  ceiling  is  repres- 


ented by  T-i  and  the  corresponding  heat 
transfer  coefficient  by  As.  The  outside 
floor  surface  temperature  is  given  by  i 
T-2.  The  inside  heat  transfer  coefficient  [ 
hi  must  be  estimated  and  held  constant  j 
throughout  any  given  test  run.  How-  , 
ever,  the  effect  of  different  coefficients  ) 
may  be  determined  by  repeating  the  | 
tests  using  different  values  of  hi.  i 

The  walls  have  been  divided  into  four  j 
laminations  and  the  floor  into  three  | 
laminations.  The  mass  M is  shown 
treated  as  a single  lumped  element,  j 
The  accuracy  of  the  system  may  be  im-  : 
proved  by  using  smaller  and  hence  more 
lumped  elements.  In  particular,  lamina-  ■ 
tions  adjacent  to  the  room  surface  | 
should  be  small  because  of  the  rapid  ; 
temperature  changes  in  this  region. 

The  thermal  resistance  and  capaoit-  || 
ance  for  each  lumped  element  may  be  f 
calculated  from  Table  II  using  average 
values  of  the  properties  for  the  given  h 
element.  The  resistance  of  the  air  film  |l 
at  the  surfaces  may  be  calculated  from  ‘ ! 

. ! 

AT  I ' 

q,  = hAAT  = --  (23)  ; I 

xL  t ''  j 

The  thermal  non-dimensionalizing  ! 

terms  Tm,  Cim  and  Rtm  may  be  arbitrar- . | 
ily  chosen  to  be  respectively  the  desired  | 
temperature  drop,  the  thermal  capacit-  j 
ance  and  the  thermal  resistance  of  the  ! 
second  lamination  in  the  floor.  The  | 

magnitude  of  the  corresponding  elec- 1 ^ 
trical  components  Vm,  Cem  and  Rem  may  ■ 
be  arbitrarily  selected.  The  remaining  j 
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I electrical  components  can  then  oe 
calculated  using  equations  (21). 

The  slider  “B”  is  regulated  during  the 
;test  to  provide  a current  flow  through 
the  recording  ammeter  “A"  which  is 
'proportional  to  the  refrigeration  capac- 
lity  variation  for  the  proposed  refrigera- 
;tion  system.  The  magnitude  of  the 
leurrent  is  varied  in  successive  tests  until 
the  desin'd  voltage  drop  occurs  in  the 
^required  electrical  time.  The  use  of 
^equation  (2 Id)  then  gives  the  refrigera- 
'tion  capacity  required  for  this  transient 
jsituation. 

[THE  D.C.  ELECTRONIC  ANALOG 
! COMPUTER 

i General  purpose  analog  computers 
make  use  of  a number  of  physical 
media.  The  predominant  realm,  how- 
ever, is  the  electrical.  In  general,  this 
jtype  of  computer  is  a compact,  versatile 
I engineering  tool  which  can  serve  as  a 
model  of  virtually  any  system  en- 
i countered  by  the  engineer.  The  physical 
(ilements  of  this  type  of  computer  are 
arranged  in  such  a manner  as  to  make 
available  a set  of  operations  which  is 
mathematically  equivalent  to  the  func- 
tional operations  of  the  system  under 
study. 

d’lie  d.c.  electronic  analog  computer 
uses  electrical  components  as  the 
analogs  of  the  system  under  study,  d'he 
variable's  are  representeîd  by  d.c.  volt- 
ages which  vary  with  time,  while;  time 
itse'lf  is  usee]  as  the  inelepe'iielent  vari- 
able'. Solutions  to  most  pre)blems  are 
obtaine;el  threeugh  the  sim])le  niiithe- 
inatie;al  e)j)eiratie)ns  of  aelelition,  sub- 


traction and  integration  of  voltages. 
Problems  involving  non-linearities  are 
handled  by  the  addition  of  appropriate 
non-linear  function  generators. 

Before  a problem  can  be  solved  it  is 
necessary  to  interconnect  the  basic 
elements  of  the  computer,  such  as  the 
high  gain  d.c.  amplifiers,  precision 
resistors  and  capacitors,  and  coefficient 
potentiometers,  to  provide  the  equiv- 
alent mathematical  relationships.  If  the 
computer  installation  is  small,  this  set- 
ting up  of  the  problem  must  be  done  on 
the  computer  itself.  If  the  installation  is 
large,  the  problem  is  set  up  on  a “pre- 
match” panel  which  can  be  wired  awa}^ 
from  the  computer.  This  panel  can  then 
be  inserted  into  the  computer  when- 
ever it  is  desired  to  solve  the  problem. 

The  Basic  Units: 

The  d.c.  electronic  analog  computer  is 
comprised  of  five  different  types  of 
units  12,1.3,14.  Operational  amplifiers  and 
coefficient  setting  potentiometers  are  the 
two  most  basic  units  and  are  common  to 
all  electronic  analog  computers.  Addi- 
tional capability  is  provided  by  means 
of  multipliers,  resolvers  and  non-liner 
function  generators.  The  latter  three 
units  are  not  required  for  the  solution 
of  ordinary  linear  differential  operations, 
but  are  necessary  for  the  solution  of 
most  other  types  of  problems.  A brief 
description  of  these  units  is  given  in  the 
following  jiaragraphs. 

The  Operational  Amplifier:  Opera- 
tional amplifiers  are  veiy  high  gain  d.c. 
amiilifiers  having  input  and  ff'edback 
networks  which  enable  such  mathe- 


matical functions  as  addition,  subtrac- 
tion, integration  and  differentiation  to 
be  performed.  Fig.  7 shows  an  opera- 
tional amplifier  in  schematic  form.  In 
this  figure  the  d.c.  amplifier  portion  of 
the  operational  amplifier  is  denoted  by 
A,  the  forward  gain.  The  input  imped- 
ance is  taken  to  be  Zi  and  the  feedback 
impedance  Zf.  The  internal  circuitry  of 
the  d.c.  amplifier  is  so  arranged  that 
there  is  a 180°  phase  change  between  the 
input  and  output  voltage  and  this  is 
denoted  by  the  negative  sign  preceding 
the  gain  term  A. 

If  the  input  voltage  is  denoted  b}"  Cf 
and  the  output  voltage  b}^  eo,  and  since 
under  normal  conditions  the  grid  input 
impedance  is  very  high,  then 

e> 

1 + 1/A  (1  + Z,/Zf). 

(24) 

Now  if  A is  very  large  compared 
unity,  which  is  u.sually  the  case,  equa- 
tion (24)  approximates  to 

- = -Z,/Zi  (2.5) 

Ci 

If  the  input  and  feedback  impedances 
are  purely  resistive,  co/e,-  = —Rf/Ri. 
The  operational  amplifier  can  serve 
therefore  either  as  a constant  gain 
amplifier  {R;>Ri),  an  inverter 
{Rf  = Ri),  an  attenuator  (Rf<Ri),  or  a 
variable  gain  amplifier.  Using  an  opera- 
tional amplifier  as  an  attenuator  is  a 
waste  of  equiimient  and  consequently 


Zf 

eo=  - y 

/-‘i 


Fig.  6.  Transient  Heat  Flow  System  (a)  and  Analog  Circuit  (b). 


I— v^^^^^^T^AAAA-pAA/VW-rA/WVNj 

r^Rek-L  -L  1 


b: 


A" 


Re. 


Ce^nr 


^2 

FLOOR 


I 


1 


— jvAA/VWVVW'-S/VW'-‘A/^^  ^ 


(b) 


WALLS  AND  CEILING. 


THE  ENGINEERING  JOURNAL  APRIL,  IP62 


7' 


the  feedback  resistance  is  always  chosen 
to  be  equal  to  or  greater  than  the  input 
resistance  Ri. 

If  two  or  more  inputs  are  connected 
to  an  operational  amplifier  through 
input  resistances  as  shown  in  Fig.  8(a) 
the  output  voltage,  eo,  is  proportional  to 
the  sum  of  the  input  voltages.  Thus,  for 
the  condition  shown 


eo  = — [ei  + 2e2  + des  + 10e4]  (26) 

If  the  feedback  resistance  is  greater 
than  at  least  one  of  the  input  resistances, 
the  operational  amplifier  is  said  to  func- 
tion as  a summer-amplifier.  If,  however, 
all  the  resistances  are  of  equal  value, 
the  operational  amplifier  is  said  to 
function  as  a summer-inverter.  Opera- 
tions of  this  type  are  usually  denoted  b}^ 
block  diagram  symbols  of  the  type  shown 
in  the  second  column  of  Fig.  8.  Summer- 
amplifiers  are  denoted  by  the  block 
diagram  shown  in  Fig.  8(g)  and  summer- 
inverters  by  the  block  diagram  shown  in 
Fig.  8(h)  where  the  single  number  1 
denotes  sign  inversion. 

If  the  feedback  impedance  is  pure 
capacitance,  Cf,  and  the  input  im- 
pedance pure  resistance,  Ri,  then  the 
output  voltage  is  given  by 


eo  = 


1 

RiCf. 


Ci  (it 


(27) 


The  operational  amplifier  now  func- 
tions as  an  integrator  in  which  the  input 
voltage  is  integrated  with  respect  to 
time.  If  two  or  more  inputs  are  con- 
nected to  an  operational  amijlifier 
through  input  resistances  as  shown 
schematically  in  Fig.  8(c),  and  the  feed- 
back impedance  is  a pure  capacitance, 
the  operational  amplifier  functions  as  a 
summer-integrator.  The  block  diagram 


symbol  denoting  this  operation  is  shown 
in  Fig.  8(i)  where  lo  denotes  the  initial 
voltage  of  the  output  of  the  integrator. 

An  operational  amplifier  capable  of 
differentiating  with  respect  to  time  may 
be  obtained  by  using  a pure  resistance 
in  the  feedback  path  and  a pure  capacit- 
ance as  the  input  impedance.  This  type 
of  operation  is  generally  avoided  as 
differentiators  have  a tendency  to 
amplify  noise  and,  in  addition,  their 
inherently  good  high-frequency  res- 
ponse may  lead  to  unwanted  high- 
frequency  oscillations.  This  is  not  a 
serious  limitation  for  it  is  generally 
possible  to  use  integrators  instead  of 
differentiators  in  problem  solving. 

Coefficient  Potentiometers  : Very  fre- 
quently it  is  necessarj^  to  multiplj^  some 
voltage  by  a constant  factor  which  is  less 
than  unity.  This  occurs,  for  example, 
when  the  coefficients  of  a differential 
equation  are  being  adjusted.  The 
simplest  and  most  satisfactory  way  of 
doing  this  is  to  use  a simple  potentio- 
meter as  shown  in  Fig.  8(d). 

In  the  absence  of  loading,  the  output 
voltage,  Co,  is  related  to  the  input 
voltage,  e,,  bj^  the  expression 

Co  = cxei  (28) 

where  a is  the  mechanical  notation,  or 
setting,  of  the  wiper  arm.  The  block 
diagram  notation  used  to  denote  at- 
tentuation  by  means  of  potentiometer 
settings  is  shown  in  Fig.  8(j). 

Multipliers  : Several  types  of  multi- 
pliers are  available.  The  servo-multi- 
plier is  the  most  common  and  is  shown 
in  Fig.  8(e).  One  of  the  two  voltages  to 
be  multiplied,  ei,  is  applied  to  one  end 
of  a potentiometer  and  its  negative, 
—Cl,  to  the  other  end.  The  servo- 
mechanism is  arranged  in  such  a manner 


Fig.  7.  The  Operational  Amplifier. 


i 


f 


4 


1 

that  the  potentiometer  setting,  a,  is  '' 
proportional  to  62,  the  voltage  which  is  i 
to  be  multiplied  by  ei.  The  output 
voltage,  eo,  is  given,  therefore,  by 

eo  = aei  (29) 

= Aieie2  (30)  ! 

where  Jvi  is  some  proportionality  con-  ] 
stant.  I 

Since  a can  vary  from  —1  through 
0 to  -t-1,  the  output  voltage  is  proper-  j 
tional  to  the  product  6462  for  all  com- 
binations of  sign.  The  block  diagram 
symbol  used  to  denote  multiplication  is  j 
shown  in  Fig.  8(k). 

Resolvers:  Many  applications  require 
the  use  of  trigonometric  functions  to  : 
express  angular  variations  or  to  perform  | 
coordinate  transformations.  This  occurs  \ 
whenever  a description  of  the  same  ! 
vector  quantities  is  required  in  terms  of  i 
two  or  more  different  coordinate  sys- 
tems. Several  techniques  are  available 
for  obtaining  these  transformations.  The 
one  which  is  most  common  uses  specially  - 
tapered  potentiometers  in  conjunction  j 
with  servo-multipliers  as  shown  in 
Fig.  8(f).  The  two  wipers  shown  in 
this  figure  are  separated  by  90°  and 
produce  the  two  outputs  cicos  Q and 
Cl  sin  d where  d is  the  angular  displace-  - 
ment  of  the  servo  shaft.  Resolvers  of 
this  type  are  usually  represented  by  the 
symbol  shown  in  Fig.  8(1). 

Nonlinear  Function  Generators:  Non- 
linear operations  cannot  be  performed 
with  amplifiers  and  potentiometers 
alone,  but  require  specially  constructed 
equipment.  An  almost  limitless  variety 
of  non-linear  function  generators  can  be 
obtained  and  it  is  sufficient  to  say  that 
these  generators  are  special  purpose 
devices  and  cannot  be  treated  as  generally 
as  the  other  basic  units  of  the  computer. 

Initial  Condition  Sources  : In  general, 

71  initial  conditions  are  required  to 
specify  the  solution  of  a homogeneous 
differential  equation  of  nth  order.  In  the 
computer  these  initial  conditions  are 
derived  by  means  of  voltages  at  the 
output  of  the  n integrators  used.  This  is 
accomplished  by  means  of  an  initial 
voltage  source  and  charging  networks 
which  enable  the  feedback  capacitors  of 
the  n integrators  to  be  charged  to  the 
desired  voltage  level  prior  to  the  start 
of  the  computation. 

Methods  of  Solution: 

There  are  basically  four  methods  by 
which  problems  can  be  solved  on  a ) 
general  purpose  analog  comuter.  They  i 
are;  j 

(i)  direct  solution  ; (ii)  indirect  solution  ; | 

(iii)  implicit  function  generation  and  j 

(iv)  simulation.  j 

The  direct  solution  method  is  used  for  j 

these  problems  in  Avhich  the  functions  | 
to  be  solved  are  given  functions  of  the 
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(Ill  Ih) 

THE  SUMMER  - INVERTER 


THE  SUMMER  - INTEGRATOR 


(SI  Ijl 


THE  RESOLVER 

Fig.  8.  The  Basic  Units  of  the  D.C. 
Electronic  Analog  Computer. 

I iiulcpcndcnt  varial)lc  1.  For  example,  if 

x{i)  = f im  +f2{t)]hm  (.31) 

the  .solution  for  x{t)  can  be  ol>tainetl 
directly  from  the  comi)uter  arrange- 
ment shown  in  Fig.  9(a).  The  functions 
fi(t)  and/ü(0  are  first  summed  by  means 
of  a summer-inverter  and  then  applied 
to  a multiplier  to  form  the  jiroduct 
-|/i(0  +/2(0l/3(0-  n'sult  is  then 
integrated  to  form  x{t). 

'The,  indirect  solution  techni(iue  is  used 
wluuiever  the  solution  for  a dependent 
variable  involves  either  derivatives  of 
this  variable  or  other  deiiendent  vari- 
bles  that  are  being  solved  for  at  th(‘  .same 
time. 

'I’huH,  if  x(t)  is  defined  by 

.r(f)  + ax(l)  -b  hx{l)  = m (32) 

where  « and  l>  are  constants,  ,r(/)  cannot 
be  solved  liy  direct  operalion  of  /(/). 
'The  procedure  usc'd  is  to  assume  that 
i the  vari.'dile ;r(/)  and  all  of  its  derivatives 
I with  the  exeejition  of  tlie  highest  are 
I availabh'  within  the  computer.  .\n  ex- 
, pression  is  then  obtjuned  for  the  highest 
j derivative  as  follows  ; 

I .)■(/)  f(l)  ax(l)  l,x(l)  (33) 

! The  niechani/,at ion  of  this  e(piation  is 
given  in  Eig.  9(b).  'The  arrangement  is 
I ot  such  a form  that  there  is  no  direct 
measure  of  x(l),  although  iix(t)  and 
hx{l)  may  be  nu'asurcd  direct ly.  If  it  is 
also  m'ci'ssary  to  monitor  x(l)  lapiation 
(33)  must  be  r('writt(‘n  in  the  form 


—xit)  — —fit)  d"  ax{t)  d"  hx{t)  (34) 

and  mechanized  as  shown  in  Fig.  9(c). 
This  involves  the  expenditure  of  an 
additional  amplifier  compared  to  the 
arrangement  shown  in  Fig.  9(b). 

The  implicit  solution  technique  in- 
volves the  solution  of  an  implieid  equa- 
tion rather  than  the  given  equation. 
Thus,  if  the  given  equation  is 

x(t)  = aih  d-  lY  (3.5) 

the  .solution  for  x{t)  can  be  obtained  by 
taking  the  natural  logarithm  of  both 
sides  and  differentiating  witli  respect 
to  t.  The  result  is 

xit)  (.36) 

b + t 

which  can  be  mechanized  as  shown  in 
Fig.  9(d). 

Simulation  forms  the  most  impoitant 
and  wide-spread  of  the  analog  computer 
applications.  It  involves  the  construc- 
tion of  a physical  model  of  the  system 
being  studied  on  the  analog  computer. 
The  computer  components  are  inter- 
connected in  such  a manner  that  there 
is  a direct  correspondence  between  each 
element  of  the  system  and  each  element 
of  the  model.  The  computer  variables 
will  behave  therefore  in  the  same  manner 
as  the  variables  of  the  system. 

There  are  two  main  advantages  to 
this  technicpie  : (i)  A mathematical 
model  of  the  system  being  investigated 
is  not  rccpiired.  This  is  particulaily  use- 
ful when  dealing  with  complex  and  non- 
linear sy.stems  which  defy  any  reason- 
able mathematical  definition,  (ii)  The 
effects  due  to  changes  in  the  character- 
istics of  the  system’s  (dements  and  due  to 
(dianges  in  external  environnu'iit  can  be 
ri'adily  inv('stigated. 

Scale  Factors: 

Scale  factors  arc  cduslauts  whicdi 
ndatc  (he  computer  \ariablc.s  to  the 
variables  ot  the  problem  bcdiig  soh'cd. 
'I'lie  necessity  for  their  existence  arises 
from  the  tact  that  tla-  bidiaxiour  of  the 
N’ariables  of  the  computer,  w hiidi  is  itsidf 
a physical  system,  must  be  directly 
ndated  to  the  \ariables  of  the  jihysical 
sy.stem  bidug  studied.  The  independent 
variable  of  tlie  (dectronie  analog  eom- 
piiti'i'  is  lime  and  under  normal  condi- 
tions the  comiinler  can  .solve  only  those 
problems  whicli  |■e(|nil'e  solution  limes 
somi'W  here  between  1.5  seconds  at  a 
minimnm  and  four  to  ti\('  minuter  at  a 
maximum.  To  handle  problems  outside 
this  range  it  is  necc,,ary  to  establish  ;» 
ndalionshii»  between  com|iuler  lime 
T and  problem  lime  t. 

\l  present,  then'  are  two  methods  of 
time  .sealing.  I'hey  invidve  .anew hat 
dilfeieni  procedures  ami  thought  pro 
(■('sses,  blit  produci'  exactly  the  ■ .me 


(bl  THE  INDIRECT  SOLUTION  METHOO 


j t 


(d)  THE  IMPLICIT  SOLUTION  METHOO 

Fig.  9.  Typical  D.C.  Electronic  Analog 
Computer  Wiring  Diagrams. 


results.  The  method  used  in  this  paper 
consists  of  changing  the  time  associated 
with  the  physical  system  by  letting 

« = i r (37) 

r 

wdiere  r = computer  time,  usually  in 
seconds 

I = real  time  of  the  problem  in 
appropriate  units 
r = time  scale  factor. 

Applying  this  technique  to  equation  (32) 
gives 

r"i'c(r)  -b  raxcir)  + hx^r)  = feir)  (SS) 

where  .rc(r)  = .r(r  ,) 

Mr)  = f‘.T,  r)  m 

'I'ime  scaling  the  idiysical  system  in 
the  above  manner  also  changes  the 
vahu's  of  the  initial  eonditions  and 
maximum  values  of  the  dérivât ivi's  by 
the  tinu'  scale  factor.  Tims,  if  the  initial 
conditions  at  t I)  .are 

.rdb  = I,  and  .rdl-  !.. 
the  values  following  time  sealing  b-.  ■ on  ■ 

.r.iO-  1 1 and  j ;tT  1: 

In  addition,  if  the  a-snimd  neixu  ..iM 
v.thif  for  tile  diTivativi  ar 

I . 
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»Tcmax(T)  — 

^cmax(T)  = L^/l' 
tind  Xcmax(T)  = Lz/'^  • 

Magnitude  scale  factors  are  required 
because  the  dependent  variable  in  a 
computer  is  a voltage  which  is  usually 
limited  to  the  —100  to  +100  volt 
range.  The  analogous  problem  variable 
usually  has  different  units,  say  feet,  and 
is  restricted  to  a different  range.  Even  if 
the  problem  variable  was  a voltage,  it 
would  be  restricted  most  likely  to  a 
different  range  and  there  still  would  be  a 
need  for  a magnitude  scale  factor. 

There  are  several  ways  of  relating 
computer  voltage  to  the  dependent 
variables  of  the  physical  system.  The 
method  which  is  used  in  this  paper  is 
that  of  scaling  with  dimensional  units. 
This  consists  of  relating  computer 
voltage  and  physical  variables  by  means 


of  the  expression 

Ve  = Kx  (40) 

where  Vc  = computer  voltage 

X = physical  variable  in  appro- 
priate units 

K = magnitude  scale  factor. 

Thus,  since  the  assumed  maximum 
values  of  position,  velocity  and  ac- 
celeration for  the  system  defined  by 
equation  (32)  are  Li,  L2/r  and  Ls/r^ 
following  time  scaling,  the  appropriate 
magnitudes  scales  for  a computer 
working  between  +100  and  —100  volts 
would  be 

100  100  , 100 
Ki  = A2  = T , • and  Zvs  = 7—7-5. 

Li  Li/r  Lz/ 

Selection  of  magnitude  factors,  as 
seen  from  the  preceding  paragraphs, 
depends  upon  prior  knowledge  of  e.x- 


Fig.  10.  Dynamic  Vibration  Damper— Example. 


pected  maxima  of  the  physical  variables! 
Usually  these  maxima  are  impossible  to 
calculate  and  must  be  estimated.  This? 
is  accomplished  from  a knowledge  of  the 
physical  system  and  even  if  these 
estimates  are  proved  incorrect  by  future 
computer  studies  no  great  harm  is  done  ' / 
since  the  magnitude  scale  factors  can  be  ? 
changed  readily.  '■ 

Types  of  Problems  That  Can  Be  Solved: 

There  are  basically  two  types  of 
problems  that  can  be  solved  with  general 
purpose  analog  computers.  They  are  the  L 
solution  of  mathematical  models  and  i 
simulation.  The  types  of  mathematical 
models  that  can  be  handled  are  ordinary 
linear  differential  equations,  ordinary 
differential  equations  with  variable  I 
coefficients,  ordinary  non-linear  dif-  j 
ferential  equations,  partial  differential  : 
equations,  integral  equations  and  ma- 
trices. Almost  any  type  of  problem  can  ' 
be  handled  by  simulation,  which  is 
readily  apparent  from  the  discussion  of 
the  preceding  section. 

A few  specific  examples  are  treated  in  - 
the  following  sections  of  this  paper  as  an 
illustration  of  the  techniques  outlined. 
This  illustration  is  very  far  from  com- 
plete and  the  interested  reader  would 
find  it  highly  profitable  to  pursue  this  i 
topic  further  by  referring  to  some  of  the 
excellent  publications  listed  in  the 
references  to  this  paper. 

The  Dynamic  Vibration  Absorber: 
An  illustrative  example  of  a problem 
which  can  be  handled  by  the  indirect  ’ 
solution  technique  is  that  of  the  dynamic 
vibration  absorber  shown  in  Fig.  10(a) 
in  which  the  small  mass  m2  is  used  to 
reduce  or  to  eliminate  the  vibrations  of 
the  large  mass  mi  If  yVt)  represents  the 
displacement  in  the  y direction  of  mass 
mi  and  y2{t)  represents  the  displace- 
ment of  mass  m2  in  the  same  direction, 
then  the  equations  of  motion  of  nq  and 
1112  are 


mitjiit)  +fvyi{t)  +hiyi{t) 

-h  Ml/iW  - 2/2(0]  = B sin  ict 

(41) 

and 

m22/2(0  + 'kilViit)  - 2/i(0]  = 0 

(42) 


Under  normal  circumstances  mi,  ki, 
fv  and  B are  of  known  and  constant  j 
value  and  the  design  problem  is  that  of  j 
choosing  m2  and  k2.  In  particular,  let  it  I 
be  assumed  that  the  numerical  values  of  I 
the  constants  are  mi  = 2 slugs,  i 
Ibi  = 1 Ib./ft.,/,,  = 0.5  lb.  — sec./ft.  and  ! 
5=2  lbs.  In  addition,  let  it  be  as- 
sumed also  that  it  is  desired  to  deter-  i 
mine  the  oscillation  amplitude  and  phase  ! 
of  mi  as  a function  of  the  driving  fre-  i 
quency  in  the  range  oj  = 0.5  to  w = 5 [ 
rad. /sec.  for  several  combinations  of  m2 
and  k2,  the  first  of  which  is  7/12  = 0.5 
slug  and  ^2  = 2 Ib./ft. 
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By  substituting  the  values  of  the 
onstants  into  equations  (41)  and  (42) 
nd  by  solving  for  the  highest  de- 
ivatives  of  yi  and  2/2  one  obtains 

I yi{t)  = sin  wi  - O.252/i(0 

I - 1.51/1(0  + 1/2(0  (43) 

^2(0  = -4i/2(0  + 4i/i(0  (44) 


; The  range  of  frequencies  for  which  the 
lystem  performance  is  to  be  investigated 
ji  such  that  solution  times  of  about  three 
hinutes  would  be  required  at  a maxi- 
num  and  20  seconds  at  a minimum. 
This  corresponds  with  the  computer 
jolution  times  normally  used  and  con- 
equently  the  time  scale  factor  may  be 
aken  to  be  unity.  This  means  that 
omputer  time  r is  exactly  equivalent 
i,o  the  problem  time  t and  equations  (43) 
ind  (44)  can  be  expressed  in  computer 
pine  by  merely  substituting  r for  t. 
j Magnitude  scaling  could  follow  the 
brocedure  outlined  previously  in  which 
y^it)  and  their  first  and  second 
jlcrivatives  would  be  scaled  according 
to  the  estimated  maximum  value  of  each 
(uantity.  This  would  make  the  dis- 
:'USsion  of  the  mechanization  of  equa- 
tions (43)  and  (44)  somewhat  complic- 
itcd  and  for  convenience  a single 
magnitude  scale  factor  will  be  chosen 
for  all  quantities  based  on  a.ssumed 
maximum  values  for  i/i(t)  and  1/2(0 • 
Thus,  if  it  is  assumed  that  both  i/i(0 
and  1/2(0  will  vary  between  the  limits  of 
± 3 ft.,  then  a magnitude  scale  factor 
which  would  ensure  that  the  first  and 
second  derivatives  of  i/i(0  nnd  1/2(0 
would  not  exceed  those  limits  corres- 
ponding to  ± 100  volts  would  be 
K = 10  v./ft. 

'I’lie  scaled  equivalents  of  equations 
(13)  and  (44)  an'  therefore 

hi(r)  = 10  sin  COT  — 0.25Ki(t) 

- 1.5K,(t)  + r2(r)  (45) 

)-,(r)  - -lyVr)  -b  4y'.(r)  (40) 


where  for  conveiiienee  Yi(t)  and  y’2(r) 
iii-e  taken  (,o  be  sealed  equivalents  of 
!h(t)  and  y■>{t)■ 

If  it  is  assumed  that  the  initial  condi- 
tions are  all  zero,  then  the  computer  set- 
U|)  for  the  solution  of  this  jirobh'in  in 
terms  of  eomiintcr  variables  is  that 
j shown  in  h’ig.  10(b). 
j The  Dyumuir  Viltniliiiit  Ahsarhcr  iritli 
I Imlnsllc  : It.  is  well  known  that 

i the  vibration  absoiber  shown  in  big. 

] 10(a)  can  be  analyzed  without,  the  usi'  of 
[ an  analog  eomimtci'.  'The  main  ad- 
I vantage  of  using  an  an, 'dog  eompnter  is 
I that,  the  oseillation  of  iii[  can  be  ex- 
: plored  qnl(4\ly  and  easily  for  a large 
number  of  ae..  /,■•.,  eombimd ions. 

.\nother  advant.'ige  of  the  amdog 
eom|inti'i’  is  the  fact  tied  a system 
d\nainii'ally  similar  to  tied  shown  in 
l''ig,  10(a),  but  restrained  by  inelastic 
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(a)  UNIDIMENSIONAL  HEAT  FLOW 


(b)  SCALED  COMPUTER  DIAGRAM 
Fig.  11.  Unidiinensional  Heat  Flow— Example. 


stops,  can  be  handled  with  veiy  little 
additional  complexity.  Thus,  if  the 
motion  of  wii  is  restricted  by  inelastic 
stops  as  shown  by  the  dashed  lines  in 
Fig.  10(a),  the  only  modification  that 
must  be  made  to  the  analog  computer 
set-up  is  the  addition  of  a diode  limiter 
which  limits  the  maximum  excursion  of 
4y^i(r)  to  the  appropriate'  voltage  range. 
This  modification  to  the  cominiter  set- 
uj)  is  indieatc'd  by  dashed  lines  in 
Fig.  10(b). 

yy’ithout  tlu'  us('  of  an  analog  eom- 
l)ut('i',  the  motion  of  wj  would  have  to  be 
dc'ti'riniiu'd  by  nmiH'rieal  nu'thods. 

(htiditiicnsioiKtl  Heat  Floir  ; Many 
problems  which  arise'  in  engiiie'e'i  ing  anel 
physie's  in\'e)lve'  partial  elilïe're'Utiîd  e'epia- 
tieens  that  are;  subje'e'te'el  tee  e-ertain 
beeimehiry  value’s  .'inel  initial  e-emelitiems. 
In  ge’iie'nd,  the'se’ preeble'ins  e'an  be  seilve’el 
e'itlu’r  by  anal>lie'al  eer  nuine’rieal  nu'- 
theiels,  bid  the'  amount  eif  laboui'  in- 
\e)lvi'd  is  usnall\'  e'xi'e’ssive'.  lleiwe’Ve'r, 
appreiximali'  sDhdiems  of  goenl  i|uantit- 
ati\'i'  ae'i  nrai'x  can  be  nblaiiie'd  with  an 
analog  I'oinpnte'r.  Vn  illnsirativi'  e'X- 
ampli'  is  the’  preebli'in  eif  tr.-msii'nt 
nniiliine'nsiini.'d  lu'at  How , 

'I'hi'  I’ejiialiein  ilese-ribing  lu-al  lleew  in 
I his  sit  nal  iein  i.s  ^ilnply  : 

e')7'i.r,  /.'  eT'/'i.r. /'■ 

(4/  r,p  fl.r' 

\ .solid iein  to  tin.».  e'i|u.'die>n  will  l>e’ 
siibjeeti'd  tei  two  bonnelar\'  vidiU's  anil 
one'  initial  I’onditioii.  Tin.'  eqindion  also 
involves  the  two  independent  \;iri.'d lie's 
time'  and  ilistaiiee  \n  exact  solution  on 
a gi'iii'ral  piirpo-e  d e eleetronie  analog 


computer  is  not  feasible  because  time  is 
the  onl}'  independent  variable  available. 
To  carry  out  a solution  on  this  type  of 
compute’r  it  is  necessarx’  to  transform 
the  iiartial  differential  equation  into  a 
systc'in  of  ordinary  differential  equa- 
tions by  finite  difference  techniques.  In 
this  way  the  solution  will  express  the 
temperature  as  a function  of  time  at 
finite  increments  of  distance. 

.Vs  a specific  example  of  this  tech- 
niciue,  consider  an  insulated  rod  of 
k'ligth  ()  ft.  made  of  a material  for  which 
kt/Ctp  = 1.0.  .'Suppose  that  iioth  ends 
of  the  rod  are  held  at  a teini>eniture  of 
()°F  and  tliat  the  temperature  of  the  rod 
was  initially  2()0^F.  If  it  is  desiR’d  to 
determine  the  temiH'rature  distribution 
along  the  rod  as  a function  of  time,  tlien 
till'  first  step  in  the  .solution  of  tlie 
probU'in  is  to  divide  the  rod  into  seg- 
mi'iitsof  eipial  length,  say  1 ft.  The  next 
step  is  to  write  a system  of  first  order 
ordinary  differential  equations  deserit>- 
ing  the  temperatUR'  at  each  |ioint  in 
terms  of  its  own  eoonlinates  and  tbuse 
of  its  neighlmuring  iioints.  Tims,  for  the 
condition  shown  in  Fig,  lia  the 
system  of  equations  is 


«s 

for  . I to  .4  inelu.sive 

Thi:  linite  dilTennce  equatu' 
tain.'  two  mort' 11111,11=  \vr  -,  .01  t • • 
equation  ^hi^  ad-l-l  . d M.f,  - v!  ' 
is  mpplied  b\  tli  tv  • is  un  • 
tion.  T ^ . - '•  F ; ‘ 
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can  now  be  expanded  and  mechanized 
as  shown  in  Fig.  11(b). 

The  temperature  of  the  rod  will  vary 
from  a maximum  of  200°F  down  to  a 
minimum  of  0°F.  Since  differentiation 
will  be  avoided,  and  there  is  no  need  foi- 
amplification,  a magnitude  scale  factor 
of  A;  = 1/2  volt/°F  may  be  chosen.  A 
solution  time  of  about  one  hour  appears 
to  be  a reasonable  estimate  and  a time 
scale  factor  of  r = 60  sec. /hr.  may  be 
chosen.  Initial  condition  values  of 
lOOF  = 200°F  must  be  applied  through- 
out. 

The  block  diagram  of  the  computer 
set-up  for  the  solution  of  this  problem  is 
shown  in  Fig.  11(b).  One  summer 
integrator  is  used  for  each  lattice  point 
and  this  is  generally  the  case.  However, 
due  to  the  symmetry  of  this  particular 
problem  lattice  points  1 and  2 must  be 
at  the  same  temperature  as  lattice 


points  4 and  5.  Consequently,  summer 
integrators  4 and  5 are  redundant. 

Unidimensional  heat  flow  problems  are 
usually  more  complicated  than  that  just 
anal3"zed.  Thus,  for  example,  the  bound- 
ar}"  conditions  maj^  varj^  with  time.  For 
this  condition  the  computer  set-up  must 
be  modified  to  accommodate  these  by 
programming  To  and  Te  as  functions  of 
time. 

In  problems  of  this  type  the  accuracy 
of  the  solution  is  a function  of  the 
fineness  of  the  lattice.  Considerable 
accuracy  can  be  obtained  using  a very 
fine  lattice,  but  this  involves  the  ex- 
penditure of  additional  amplifiers.  The 
main  advantages  of  an  analog  computer 
in  such  problems  is  that  initial  and 
boundary  conditions  can  be  easily  in- 
vestigated over  wide  ranges  and  the 
effects  of  non-linearity  studied  in  detail. 

Sivmlation  of  Feedback  Control  Sys- 


Fig.  12.  Non-Linear  Control  System— Example. 


(a)  TYPICAL  NON-LINEAR  CONTROL  SYSTEM 


POSITION 

SENSOR 


(b)  FUNCTIONAL  DIAGRAM 


Ic)  COMPUTER  DIAGRAM 


terns:  Simulation  is  used  whenever  the 
problem  which  is  to  be  investigated  is 
either  too  complex  to  be  expressed 
mathematicall}^  or  requires  information 
concerning  the  inner  workings  of  the 
system  under  study.  In  general,  simula- 
tion is  similar  to  the  techniques  used  to 
solve  problems  which  are  defined  by 
mathematical  models.  It  requires  a 
model  of  the  system  to  be  investigated 
and  this  is  provided  in  the  form  of  a 
functional  block  diagram  which  details 
all  the  information  required  with  the 
exception  of  the  initial  conditions. 
Proper  time  and  magnitude  scale 
factors  must  be  selected  and  incorpor- 
ated into  the  computer  set-up.  Ignoring 
scaling  the  resulting  computer  diagram 
is  exactly  equivalent  to  the  system  block  ! j 
diagram.  ij 

The  concepts  involved  in  analog  [j 
computer  simulation  may  be  best  illust-  !i 
rated  by  a detailed  study  of  the  feed-ji 
back  control  sy^stem  shown  in  Fig.  12.;; 
The  system  shown  is  of  standard  form.  I 
It  consists  of  a potentiometer  bridge  ii 
which  measures  the  difference  between* 
the  rotations  of  the  input  and  output! 
shafts,  a servo-amplifier,  a direct  current  | 
shunt-wound  motor  with  constant  field  I 
excitation,  a gear  train  which  couples  li 
the  motor  to  the  load,  and  a tacho  ^ 
generator  which  provides  velocity  feed- 1 ‘J 
back  stabilization.  As  it  stands,  the 
system  could  be  investigated  using 
standard  techniques  of  analysis  and  i, 
synthesis.  However,  if  it  is  assumed  that  1^ 
the  servo-amplifier  saturates  at  a maxi-  i 
mum  output  of  + Va  volts,  computer  I d 
techniques  must  be  used.  jl 

The  problem  facing  the  design  en-  : 
gineer  is  that  of  establishing  the  ! 
amplifier  gain  ka  and  the  velocity  feed-  ! 
back  signal  coefficient  k^  which  will  j ■ 
enable  the  system  to  meet  certain!  I 
design  specifications  based  on  a sinu-  j i 
soidal  input  to  the  control  system.  The’-’ 
first  step  in  the  solution  is  to  translate  ! : 
the  system  shown  in  Fig.  12(a)  into  ap: 
functional  diagram  as  shown  in  Fig.  ' i 
12(b).  The  latter  details  all  the  informa- 1 i 
tion  which  is  required  to  solve  the 
problem. 

The  second  step  in  the  solution  is  to  i 
establish  a computer  model  of  the  sy^s-j 
tern  from  the  functional  diagram  of 
Fig.  12(b).  This  is  shown  in  Fig.  12(c)  j 
where  scaling  has  been  ignored  to  retain 
simplicity.  To  a large  extent  this  figure 
is  self-explanatory.  The  input  and  out- 
put position  sensors  have  been  replaced  j 
by  a summer-amplifier.  The  servo-  ; 
amplifier  has  been  replaced  by  a variable  | 
gain  summer-amplifier  followed  by^  diode  ^ 
limiters.  The  load  inertia  Jl  and  viscous - 
friction  coefficient  fvL  have  been  com-j 
bined  with  the  motor  armature  inertia  | 
Ja  and  viscous  friction  coefficient 
and  have  been  replaced  by  the  two 
integrators  shown.  The  gear  train  has 
been  replaced  by  a single  coefficient 
potentiometer. 
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To  establisli  satisfactory  values  of  /fa 
Ind  /fv  it  is  merely  necessary  to  vary  the 
Settings  of  the  coefficient  potentio- 
Peters  Pi  and  P2  and  to  observe  the 
i-orresponding  system  response  to  the 
Iriving  function  0,(/).  Another  ad- 
•antage  of  using  the  analog  computer  is 
hat  if  there  is  some  doubt  as  to  the 
ictual  values  of  some  of  the  system  con- 
fitants,  it  is  relatively  easy  to  incorporate 
his  uncertainty  into  the  computer  set- 
ip.  For  example,  if  the  time  constant  of 
i;he  motor  is  not  known  accurately  the 
i'ffect  of  this  uncertainty  may  be  in- 
vestigated by  merely  changing  the 
iettings  of  coefficient  potentiometer  P3. 

COMPUTER  COMPARISONS 

j Accuracy:  In  general  analog  com- 
biiters  are  limited  to  problems  which  can 
|)C  satisfied  l)y  answers  having  three 
jdgnificant  figures.  This  is  not  a serious 
imitation  for  in  many  situations  the  so- 
calk'd  known  data  may  be  in  error  by 
25%  or  more.  Exclusive  of  recording 
.'iTors,  analog  computer  accuracy  is 
ilmost  entirely  dependent  on  the  quality 
if  tlie  comi)onents  used.  At  present  it  is 

1!lsualIy  impossible  to  calculate  accur- 
itcly  the  errors  associated  with  the 
olution  of  practical  problems.  Estimates 
)ased  on  comparisons  with  exact  solu- 
ions  for  simple  problems  show  that  for 
onducting  sheet  analogs  the  limit  of 
ccuracy  is  about  2%.  The  accuracy  of 
csistaiice-capacitancc  networks  is  about 
2%  also,  tnit  with  care  it  can  be  im- 
proved to  better  than  1%.  The  accuracy 
of  tiie  d.e.  electronic  analog  computer  is 
diflieult  to  estimate,  d'hc  error  in  eaeh 
individual  linear  operation  can  bo  as 
low  as  0.02%,  but  the  overall  error,  even 
iti  tlie  finest  of  installations,  is  still  of  the 
order  of  ] % to  2%,. 

FIrxihility  : Conducting  sheet  analogs 
and  resistance-capitance  networks  are 
easy  to  program,  ddu*  former  rcHpiires 
only  that  the  conducting  sheet  material 
he  cut  to  a shape  iirojairtional  to  tln^ 
eidss  section  of  the  system  being  studied. 
'I'he  latter  reciuires  the  inb'rconiieetion 
of  a number  of  resistors  and  capacitors 
lo  form  a network  representing  the 
original  system.  With  th('  d.e.  elc'etronie 
eompuler  i)roblein  set-up  fre(|uenlly 
oceni)ies  a major  portion  of  th(i  time 
devoted  to  the  inv('st igat i(m.  To  miiu- 
inize  the  effort  re(|uired,  tin-  internal 
I'onneetions  are  usually  brought  out  to  a 
centrally  loeatcil  patch  bay.  In  large 
installations  the  patch  bays  are  e(|uipped 
with  patch  |)anels  which  can  be  suitably 
j intereomieeted  away  from  the  eom|)utcr 
,lhns  leaving  the  eompuler  free  for  the 
jsiilnlion  of  problems  already  set.  ii])  on 
! other  patch  panels. 

lùisr  Ilf  Muiiilfiiaiirf  : Speei.al  purpose 
analog  emupnlers  of  the  l,\  p('  discussed 
m this  pa|ier  rei|uire  little  or  no  main- 
leiianee.  I eha'Ironie  an.alog  eom- 
pnlers  napnre  a reasonabli'  amount  of 
I'revenliw'  mainlenanee.  'The  amount 


reouired  increases  with  an  increase  in  the 
size  of  the  installation,  but  it  seldom 
exceeds  the  part  time  attention  of  one 
technician. 

CONCLUSIONS 

Two  basic  types  of  analog  computers 
have  been  discussed  and  a detailed 
treatment  has  been  given  of  a number  of 
their  specific  applications.  These  com- 
puters have  also  been  compared  as  far 
as  accuracy,  flexibility  and  maintenance 
are  concerned.  It  is  concluded  from  this 
discussion  that  conducting  sheet  an- 
logs  and  resistance-capacitance  network 
analogs  are  most  suitable  for  u.se  in  the 
solution  of  field  problems.  The  former  is 
limited  to  the  solution  of  the  Laplace 
and  the  Poisson  equations  in  one  or  two 
dimensions.  The  latter  complements  the 
former  in  that  it  may  also  be  used  to 
solve  the  conduction  equation.  The  d.e. 
electronic  analog  computer  can  solve 
almost  any  problem  wdiich  can  be  ex- 
pressed by  either  a mathematical  or 
physical  model.  However,  it  finds  its 
widest  application  in  the  solution  of 
ordinary  linear  differential  equations, 
ordinary  differential  eejuations  with 
variable  coefficients,  ordinary  non-linear 
differential  ('quations  and  in  simula- 
tions. It  is  one  of  the  most  useful  of 
engineering  tools. 
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Nomenclature 

k = generaliz('d  conductivity,  spring 
constant. 

C = capacitance. 

/i’  = resistance. 

.1  = area,  operational  amplifier  for- 

ward gain. 

</)  = generalized  potenfial.  'l'orsional 

shear  strc'ss  iiolential,  V('loeity 
potential. 

I — time. 

/ =5  electric  current, 

r — electrical  iiotcntial. 

p = density'. 

C,,  — spi'citic  heat  at  constant  pressure. 

Ii  =■  heat  transfer  coclhcicnt . 
r/  - flux. 

T — ti'inpcraturc. 

/)  diffusion  cocfficicnl , 

III  — m;is.s. 

K — compressibility,  magnitude  scidc 
factor. 

f,.  — porosity. 

/’  H pressure,  potentiometer. 

/’,,  ••  partial  pressure, 

r — stn'.ss  computer  time 

following  time  si'aling. 

0 angul.'ir  displai'i'inent . 


w = angular  frequencx’  radians/unit 
time. 

G = torsional  rigidity,  electrical  con- 
ductance. 

J = moment  of  inertia  or  initial 
voltage. 

u(t)  = unit  step  function. 

= Transformed  potential  defined 
b}^  equations  (5)  and  (6). 
u — strain  (length). 

E = modulus  of  elasticit}". 

L = length. 

p = hydraulic  permeability  of  a por- 

ous medium. 

V = kinematic  viscosity. 

Z = impedance. 

e = voltage. 

a = potentiometer  setting, 

r = time  scale  factor. 

/r  = xdscous  damping  coefficient. 

Subscripts 

h = boundary  condition. 

e = electrical. 

/ = feedback. 

i = input  or  general  index. 

0 = output  or  as  specified. 

t = thermal. 


Supersenpts 
' = per  unit  length. 

" = per  unit  area. 

= per  unit  volume. 
= per  unit  tune. 

= ax'erage. 
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AGM  Paper  #21 

The  Effect  of  Slimes  on  Open  Channel 
Transport  of  Fluidized  Solids 
Ralph  W.  Ansley,  a.m.e.i.c. 

Assistant  Professor  of  Civil  Engineering, 

University  of  Alberta 

This  paper  discusses  some  aspects  of  research  carried 
out  on  high  density  fluidized  solids  transport  in  open 
channel  flow  at  University  of  Alberta. 

Commercial  operators  have  noticed  that  flume  trans- 
port of  tailings  is  facilitated  by  the  addition  of  shmes  or 
sludges  to  the  tailings  slurry.  A laboratory  programme  is 
currently  underway  to  evaluate  the  effect  of  blending  of 
slimes  and  taihngs.  Results  to  date  show  a substantial  in- 
crease in  percentage  taihngs  transported  for  a given  hy- 
drauhc  gradient  at  a constant  discharge  due  to  the  addition 
of  slimes.  The  data  and  a discussion  of  same  are  presented 
herein. 


AGM  Paper  #16 

Design  Concepts  of  Brazeau  Development  including 
River  and  Hydrology  Studies 
K.  G.  Brittain,  m.e.i.c.. 

Design  Engineer,  Montreal  Engineering  Company, 

Montreal 

J.  L.  Reid,  m.e.i.c.. 

Supervisor,  Hydro-Electric  Development, 

Department  Water  Resources,  Edmonton,  Alberta 

The  search  for  power  and  storage  in  Alberta  has 
resulted  in  an  agreement  between  the  Province  of  Alberta 
and  Calgary  Power  Ltd.  to  build  the  Brazeau  Storage  De- 
velopment. The  initial  stage  of  the  dam  is  now  completed 
and  stored  water  is  being  released  to  increase  the  winter 
discharge  of  the  North  Saskatchewan  River.  Calgary  Power 
is  proceeding  with  development  of  power  for  the  fall  of 
1964.  The  paper  describes  the  background  and  events 
leading  up  to  this  combined  effort  between  Government  and 
Public  Utility. 

The  Project  is  being  developed  to  produce  peak 
capacity  and  peak  energy  and  will  complement  other 
sources  of  power  in  the  Province.  Provision  has  been  made 
to  permit  its  future  integration  with  other  prospective  sites 
on  the  Brazeau  River.  These  future  sites  are  outlined  in  the 
paper.  As  a result  of  the  investigations  it  is  expected  that 
the  Brazeau  river  will  play  an  important  part  in  the  future 
power  supply  of  the  Province  as  well  as  providing  increased 
winter  discharge  in  the  North  Saskatchewan. 

The  hydrological  investigations  are  discussed.  This 
includes  the  methods  used  to  estimate  lun-off  for  power 
output  and  floods.  Reservoir  operation  rule  curves  are  out- 
lined with  a discussion  of  the  rule  curves  in  relation  to  the 
floods  and  spillway  facilities. 


AGM  Paper  #12  1 

The  Engineering  Operation  of  Large  Pipe  Lines  ' 

C.  D.  Bailey,  m.e.i.c.,  ; 

Chief  Engineer,  Trans  Mountain  Oil  Pipe  Line  Company,  j 
Vancouver,  B.C. 

Principles  and  procedures  for  the  safe  and  economic  t 
operation  of  large  high  pressure  pipe  lines  have  been  de-  : 
veloped  in  Canada  and  other  countries.  These  are  significant  i 
and  it  is  hoped  that  their  presentation  will  be  of  benefit  to  t 
safety  and  economy  in  the  organization  of  efficient  pipe  j 
line  systems.  The  paper  deals  with:  | 

a)  The  effect  of  terrain  on  the  selection  of  pipe  line  route 

and  the  effect  of  right-of-way  on  regional  drainage  sys- 
tems, including  methods  to  be  adopted  to  secure  | 
stability.  Submarine  crossings  of  rivers  and  tidal  water- 
ways. f 

b)  Safeguards  and  forward  planning  for  future  transmission  ■ 

requirements  by  initial  diameter.  Economic  diameters  of  * 
pipe  versus  capacity.  ] 

c)  High  test  line  pipe— advantages  and  dangers.  Welding  | 

of  connections.  Basic  rules  for  testing  and  consideration  j 
of  testing  to  yield.  Repair  of  hot  lines  after  entry  into  j 
service.  ' 

d)  Surge  considerations  in  liquid  lines  of  telescopic  design,  i 

Dampening  effects  of  long  slender  lines.  Effects  of  surge  ; 
on  protective  pressure  shutdown  settings.  f 

e)  Estabhshment  of  and  continuing  revision  to  pumping  ! 

pressure  with  change  in  gradients  in  order  to  contain 
working  pressures  of  pipe  lines  within  allowable  pres-  ‘ 
sure  at  optimum  throughputs.  Pre-set  pressure  allowances  j 
for  protective  alarms  and  shutdown  equipment.  j 

f)  Cold  weather  operations.  Design  of  fittings,  tanks,  piping  i 

and  apparatus  for  extremely  low  temperatures.  Operating  ! 
techniques  and  principles.  ( 

g)  Contemporary  developments  for  increase  in  efficiency  i 

and  reduction  of  operating  costs.  Continuous  metering.  1 
Automatic  run  measurement  and  determination  of  batch  Ivt 
elements.  Remote  and  centralized  control.  Interface  llwi 
phasing  in  looped  pipe  lines.  i 


AGM  Paper  #45  > 

Bottom  Outlets  Under  High  Head  [j 

J P.  Bertrand,  j; 

Machine  Testing  Department,  Sogreah,  Grenoble,  France  ! i < 

E.  Pariset,  m.e.i.c.,  Vice-President,  LaSalle  Hydraulic  ‘i  i 

Laboratory  Limited,  Montreal  | 


The  authors  describe  the  different  duties  of  bottom 
outlet  gates  under  high  heads  and  the  corresponding  prob- 
lems met  in  their  design.  They  show  that  the  surrounding 
structures  and  even  the  discharge  area  form  a part  of  the 
whole  design. 

Special  consideration  is  given  to  cavitation  problems 
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inasmuch  as  they  appear  in  the  study  under  discussion.  It  is 
'explained  how  the  problems  arise,  how  they  develop,  how 
they  can  be  investigated  with  models  and,  finally,  how  they 
can  be  solved. 


AGM  Paper  #19 

The  Isolation  of  the  Buildings  in  the 
Place  Ville  Marie  Development  from 
Railroad-Induced  Vibrations 
}.  E.  Brett,  m.e.i.c., 

Brett  6-  Ouellette,  Consulting  Engineers,  Montreal,  Que. 

This  paper  describes  the  design  and  installation  methods 
used  to  counteract  the  effects  of  railroad-induced  vibrations 
upon  the  various  components  of  the  project,  including  the 
Royal  Bank  of  Canada  Building.  The  paper  also  summarizes 
the  techniques  and  re.sults  of  the  extensive  field  studies 
carried  out  to  delineate  the  noise  and  vibration  environ- 
ment to  which  the  structures  will  be  exposed. 


AGM  Paper  #9 

The  Structural  Design  of  the  Place  Ville  Marie  Project 
'}.  E.  Brett,  m.e.i.c., 

Brett  ir  Ouellette,  Consulting  Engineers 
R.  P.  Ouellette,  m.e.i.c., 
jBre«  6-  Ouellette,  Consulting  Engineers 
R.  R.  Nicolet,  a.m.e.i.c., 

\Proiect  Manager,  Brett  ù-  Ouellette,  Comulting  Engineers, 
Montreal 

'J’his  paper  describes  the  main  features  of  the  structural 
analysis  and  design  carried  out  for  the  Place  Ville  Marie 
Project  in  downtown  Montreal.  Special  emphasis  is  given  to 
the  design  of  the  Royal  Bank  of  Canada  Building.  The 
architectural  features  of  this  building,  the  Cruciform  .shape 
and  a height  in  excess  of  six  hundred  feet,  neces.sitated  the 
use  of  unusually  complex  methods  of  investigation.  The 
paper  de.scribes  the  extensive  use  made  of  an  IBM  704 
•omputcr  to  solve  the  complex  of  problems  arising  from 
carious  combinations  of  live  and  dead  load,  wind  and  earth- 
|uake  loads  and  from  stability  considerations.  Exten.sive 
application  of  the  composite  method  of  construction  was 
made  po.ssible  by  the  layout  of  the  framing.  The  main 
catnres  of  the  structural  systems  of  the  parking  floors 
below  street  level,  the  Quadrant  Buildings  and  the  Cathcart 
ihiilding  are  outlined.  The  presence  of  the  Canadian 
N'alional  Railways  tracks  necessitated  careful  insulation  of 
lu!  various  buildings  against  vibrations.  'Phis  particular  as- 
pect is  diseusscïd  in  another  paper. 


AGM  Paper  #24 

Vlagiietic  Inverters.  A Review  of  Switehing  Professes 
111(1  .Some  New  Developments  in  Self-Loeking  Ciireuits 
b'.  It.  R.  Campling,  m.e.i.c., 

[A.v.vociVite  Professor,  neparltncnl  of  Electrical  Engineering. 

[hieen's  Universili/,  Kingston,  Ontario 

I .A.  Bennett,  A.M.i;.r.c., 

t.i'ctiirer.  Dept,  of  Electrical  Engineering, 

[h/een’.v  I'uiversiti/,  Kingston,  Ontario 
, h II.  I 'I'llara,  a.m.e.i.c., 

hiuior  Research  Officer,  Radio  and  Electrical  Engineering 
Jhi  ision,  National  Research  Council,  Ottau'a,  (hitario 
I Switching  in  single-phase  inverters  and  transient  locking 
•henomena  in  polyjihase  inverters  are  discussed.  The  class 
|il  inverters  with  which  the  paper  deals  iuelndes  those  in 
'■hieh  the  operating  Ireipieney  and  (lor  jiolyph.ise  in- 
lerters)  the  electrical  angles  between  phases  are  determined 
the  eharaeteristies  ol  the  itnerter  t r.msloi iners.  I’oly|ihase 
iinits  ol  this  type  are  knosr'ii  as  sell -locking  ins'crlers, 

I I Wo  eirenil  arrangements  are  presented  which  peiinit 
'he  generation  ol  inire  reetangnlar  voltage  was'elonns  at 
irhitraiy  voltage  levels  with  sell  locking  in\ criers.  In  ad- 
lilion  a simple  method  is  demonstrated  lor  gener.iling  ont- 
'iit  w.iveloitns  which  are  stepped  approsiniations  to 
innsoids. 
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AGM  Paper  #36 

Settlement  Studies  on  the  Mt.  Sinai  Hospital,  Toronto 
C.  B.  Crawford,  m.e.i.c.  and  K.  N.  Burn,  m.e.i.c.. 

Soil  Mechanics  Section,  Division  of  Building  Research, 
National  Research  Council,  Ottawa,  Canada 

Settlement  measurements  on  a large  structure  founded 
on  a reinforced  concrete  mat  over  glacial  till  subsoil  are 
reported  and  compared  with  estimates  derived  from  labora- 
tory testing.  The  modulus  of  elasticity  of  the  subsoil  derived 
from  full-scale  field  measurements  is  compared  with  labora- 
tory values.  The  performance  of  this  type  of  foundation  is 
discussed. 


AGM  Paper  #48 

The  Design  and  Construction  of  The  Shawinigan  Water  and 
Power  Company’s  .345  KV  Transmission  Line 
Using  Guyed  and  Rigid  Structures 
V.  F.  Crowley, 

Manager,  Transmission  Division,  The  Shawinigan 
Engineering  Company  Limited 
S.  T.  Rudkin,  m.e.i.c.. 

Senior  Design  Engineer,  The  Shawinigan  Engineering 
Company  Limited 

The  Shawinigan  Water  and  Power  Company’s  13.5- 
mile  345  KV  transmission  line  from  Isle  Maligne  to  Quebec 
is  the  first  extra  high  voltage  line  on  this  continent  to  use 
guyed  type  towers  for  the  major  portion  of  its  length.  This 
paper  provides  a description  of  the  line  background  and 
the  terrain  traversed,  a review  of  the  studies  leading  to 
the  decision  to  use  a combination  of  guyed  and  rigid  struc- 
tures, a discussion  of  the  mechanical  and  electrical  design 
features  of  the  line,  a description  of  construction  methods 
employed,  and  a summary  of  the  advantages  of  the  guyed 
portal  over  the  rigid  type  transmission  line  tower. 


AGM  Paper  #64 

The  Effect  of  Exterior  Building  Construction 

Upon  the  Cost  of  Heating  and  Air  Conditioning  Systems 

G.  11.  Green,  m.e.i.c.. 

Mechanical  Engineering  Department, 

University  of  Saskatchewan,  Saskatoon,  Canada 

The  paper  is  directed  mainly  to  architects,  managers 
and  owners  of  buildings  to  show  them  how  the  selection 
of  exterior  wall  construction  affects  the  costs  of  heating  and 
air  conditioning  systems. 

Tables  are  presented  to  show  what  x’arious  types  of 
exterior  constniction  contribute  towards  the  initial  cost  of 
systems.  In  particular,  the  effect  of  glass  is  studied  and  it 
is  concluded  that  glass  area  must  be  carefully  used  in  a 
building  since  glass  area  can  contribute  from  $1..50  to 
.‘ilV.oO  per  sfiuare  foot  of  window  towards  the  exist  of  the 
air  conditioning  systeun. 


.\GM  Paper  #67 

Design  and  (aiivstruetion  .Aspects  of  the 
Beechwood  Third  I'nit 
E.  Gunther.  M.i-.i.c., 

Mechanical  Engineer.  De.'iign  and  Construction  Dit  i.'.ion. 
Neie  Brunswick  Eh  i'lric  Power  Commission 

I he  New  Brunswick  Isleetrie  Power  (iommissien  li.is 
reeeniK  pul  inlii  oper.ition  the  third  .md  lin.d  unit  .it  the 
Beeehwooil  Ceiier.iling  .St.ition  on  the  .’s.iint  John  Riser 
This  I '1111  is  a 230”  di.imeler  K.ipl.in  tnrbit'e  r.il«xl  .it 
.5.5, .500  II  P.  .0  ,1  net  he.ul  of  .57  feet  and  is  somewhat  larger 
ill, III  the  existing  two  units.  The  si/e  and  tsiv  e-f  tiirbiin 
w .is  determined  .ifter  .1  (xuniirelieiisis  e .in.ils  sis  of  the 
eeonoiiiies  of  K.ipl.iii  .iiid  lixed  hl.ide  proiseller  turbine' 
sizes  I'.iiiMiu:  lioiri  1.5, IRR)  IIP  iipw.ml.  The  studs,  sshieh 
ss.is  gre.itls  simplified  bs  the  use  of  .i  digit.il  •-.rmxiieT 
shossed  .1  slight  eixiiioriiie  adsaiit.ige  in  fa'  .iii  I'f  a ’.o 
lived  bl.ide  I'ropeller  ni.iehiiie  Hosseser  tb-  belter  ■-p  i,  ; -:; 
of  the  k.ii'l.ui  turbine  in  tin-  N HI  Pr  -,s  .i  : .t,  Ô th' 

liii.il  t boil  e 

SS 


The  governor  for  the  new  turbine  is  of  the  electro- 
hydraulic  type  similar  to  those  on  units  1 and  2.  The 
generator  is  a vertical  umbrella  type  rated  at  45,000  KVA 
at  0.9  power  factor.  A second  138  KV  single  circuit  trans- 
mission line  between  Beech  wood  and  Fredericton  was 
constructed  to  handle  the  greater  output  from  the  station 
Model  testing  carried  out  by  the  turbine  manufacturer 
showed  very  low  efficiencies  from  the  combination  of  the 
new  turbine  and  the  existing  draft  tube.  Investigations 
showed  that  the  problem  was  caused  by  an  incompatability 
between  turbine  and  draft  tube  which  manifested  itself  as  a 
separation  at  the  elbow  of  the  tube.  Rather  extensive  modi- 
fications to  the  model  draft  tube  were  carried  out  which 
returned  efficiencies  to  a point  well  above  the  guaranteed 
values.  These  changes  have  been  made  on  the  prototype 
tube  using  steel  plates  and  plain  and  epoxy  concrete. 


AGM  Paper  #23 

Electronics  and  the  Future 
W.  L.  Haney 

National  Research  Council, 

Radio  and  Electrical  Engineering  Division, 

Ottawa,  Canada 

Research  now  going  on  in  scientific  and  engineering 
laboratories  may  indicate  future  engineering  development 
and  application.  Some  of  the  electronic  research  now  under- 
way is  reviewed,  and  an  attempt  is  made  to  estimate  the 
future  significance  of  this  work.  Among  the  subjects  con- 
sidered are  plasma  physics,  satellite  communication,  optical 
masers,  and  bionics. 


AGM  Paper  #73 

Unusual  Problems  in  Development  of 
Caland  Mining  Operation  at  Steep  Rock  Lake 
E.  W.  Whitman 

Superintendent,  Open  Pit  Mining, 

Caland  Ore  Company  Limited 
S.  A.  Reipas 

Chief  Mining  Engineer,  Caland  Ore  Company  Limited 
R.  M.  Hardy,  m.e.i.c.. 

Soil  Consultant 

The  Caland  iron  ore  mining  development  in  the  Falls 
Bay  area  of  Steep  Rock  Lake  has  involved  an  investment 
of  close  to  $60  million  over  a ten-year  period.  Development 
work  commenced  in  1954  and  the  first  ore  shipments  were 
made  in  1960.  By  1969  production  is  planned  at  3 million 
tons  per  annum.  First  production  will  be  from  large  open 
pits,  but  eventually  it  is  expected  to  come  from  underground 
operations.  The  orebody  lies  below  the  bottom  of  the  lake 
and  the  dredging  of  some  162  million  cubic  yards  of  clay, 
silt  and  gravel  was  required  to  expose  the  ore.  The  paper 
deals  with  several  unusual  problems  encountered  in  the 
development  of  the  property  including  the  determination  of 
safe  dredging  slopes  to  a maximum  height  of  400  feet  in 
the  lake  bottom  soil,  safe  drawdown  rates  for  the  dredging 
program,  experience  with  the  construction  of  dams  on  the 
lake  bottom  silts  and  clays,  and  the  handling  of  open  pit 
ore  through  underground  hoisting  facilities. 


AGM  Paper  #31 

Compensated  Dynamic  Braking  of  Three-Phase 
Wound-Rotor  Induction  Motors 

G.  Hausen, 

Design  Engineer,  Canadian  Controllers  Ltd., 

Toronto,  Ontario 

To  meet  certain  load  conditions  it  is  necessary  that 
drive  motors  produce  brake  torques.  If  the  drive  motor  is 
an  induction  motor  this  can  be  accomplished  by  exciting 
its  stator  winding  with  direct  current  and  thereby  operating 
the  motor  as  an  alternator. 

The  inherent  problems  of  such  a control  scheme  are 
the  danger  of  run-away  conditions  due  to  under-excitation 


of  the  stator  and  the  danger  of  motor  overheating  caused 
by  over-excitation.  Both  problems  are  eliminated  in  the 
compensated  dynamic  braking  tern,  which  employs  feed- 1 
back  control  methods  to  adju  the  DC-excitation  of  the  ' 
induction  motor  automaH^ally  a function  of  existing  load  1 
conditions.  Performance  and  d<  pn  of  compensated  dynamic^ 
braking  control  systems  are  discussed  in  this  paper.  j 

Contents  of  Paper:  1.  Brake  torque  obtainable  froirJ 
induction  motors.  2.  Review  of  dynamic  braking.  3.  Analy- 
sis and  design  of  compensated  dynamic  braking  control 
system.  4.  Applications.  i 


AGM  Paper  #66  ‘ 

The  Non-destructive  Testing  and  Quality  Control 
of  All-Welded  Steel  Structures 

John  V.  Hayward 

Welding  and  Quality  Control  Engineer. 

Alberta  Branch,  Dominion  Bridge  Co.  Ltd.  i 

The  paper  examines  the  basic  principles,  and  th(  ^ 
problems  involved  in  setting  up  a weld  testing  and  qualit)  A 
control  program  suitable  for  use  in  the  construction  of  large!:! 
steel  weldments.  The  views  expressed  by  the  author  have  il 
been  developed  over  a number  of  years  while  working  witljj 
Architects  and  Engineers  on  a variety  of  projects  includinf|S 
heavy  wall  Pressure  Vessels,  Warships,  Bridges  and  build 
ings  all  of  which  were  fabricated  entirely  by  fusion  welding 
The  need  for  Quality  Control  is  explained,  and  t(  (1 
illustrate  the  current  trends  examples  are  taken  from  variou  | j 
sections  of  the  welding  industry,  and  the  more  importan  1 
Codes  are  discussed.  Three  recent  projects  in  Westen  j i 
Canada  are  described  and  details  of  the  Non  Destructivi  1 1 
testing  employed  are  given.  j 

1.  All-welded  Plate  Girder  Highway  Bridge,  size  440' 

60'  at  Edmonton,  Alberta  completed  1961.  I 

2.  All-welded  Rigid  frame  building  200'  x 90'  at  Letbj 

bridge,  Alberta  completed  1961.  I 

3.  S.P.C.  Head  office  Building  14  stories,  270'  x 43'  aj 

Regina,  Saskatchewan  completion  date  1963.  j 

The  established  systems  of  Non-destructive  welij 
testing  are  described,  together  with  an  outline  of  thei  j ■ 
particular  areas  of  usefulness,  and  their  current  state  c v 
aceptance.  The  suggestion  is  offered  that  none  of  the  N.D.lj  li 
systems  now  available,  can  fully  satisfy  our  present  irjjj 
spection  requirements,  and  that  the  best  results  have  bee  ! f : 
obtained  when  a number  of  the  systems  are  used;  each  i j 
the  particular  situations  that  are  most  favourable  to  theUoj 
physical  properties.  j > 

The  dependence  of  the  N.D.T.  systems  of  today,  upo  i } | 
the  skill  and  integrity  of  the  technicians  employed  in  the:  | ; 
use  is  discussed  in  detail.  The  Federal  Government  Standar 
for  Industrial  X-ray  technicians  is  an  excellent  start,  an  i , ! 
similar  tests  to  cover  the  personnel  using  Ultrasonic  an  j ; , 
Magnetic  Particle  testing  systems  are  urgently  require;  | i. 
Federal  and  Provincial  Government  testing  of  weldinlj 
operators  engaged  in  the  structural  steel  industry  is  mand;  j i ■ 
tory,  and  it  is  desirable  that  the  Welding  Inspector  who  j I 
empowered  to  accept  or  reject  welded  products  shou)  ! r 
himself  be  tested  for  a minimum  level  of  skill  and  knovf  i 
ledge,  and  be  duly  certified.  I 


AGM  Paper  #1‘ 

The  Pipeline  Flow  of  Capsules:  | 

Potential  Industrial  Applieation 

G.  W.  Hodgson  and  Henry  Bolt,  m.e.i.c.. 

Research  Council  of  Alberta  [;  ’ 

Transportation  is  a matter  of  vital  concern  in  tl[  | 
Canadian  economy  largely  because  of  the  magnitude  of  tl  ; J 
distances  separating  areas  of  production  from  areas  j ^ 
consumption.  Costwise,  pipeline  methods  of  transport  Ij  t 
between  shipping  and  rail  methods,  and  while  inland  wate/  j 
ways  play  a substantial  and  increasing  role  in  Canadifj  )• 
transportation,  there  is  nevertheless  justification  for  tryii  jl  t 
to  extend  the  apphcation  of  pipeline  methods  to  comm 
dities  not  presently  amenable  to  pipeline  transport.  Secoi  ÿ 
generation  pipelining,  slurry  pipelining,  shows  promise,  b * 
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: is  limited  in  its  application,  and  recourse  must  be  made  to 
bird  generation  pipelining,  m which  the  goods  to  be  moved 
jre  placed  in  the  fluid  stri  i at  large  capsules  which  flow 
js  segments  of  the  strean  Theoretical  and  experimental 
jivestigational  programs  an  -itabl  ing  a good  understand- 
jig  of  the  science  of  cap,  ale  pipelining,  and  it  is  now 
|Seful  to  consider  the  basic  applications  of  such  systems, 
hd  also  to  consider  some  of  the  over-all  technology  in- 
|olved.  The  applications  would  appear  to  center  upon  the 
lovement  of  grains,  mineral  solids  and  chemicals,  since 
lese  represent  a major  portion,  about  25%,  of  the  total 
.ansportation  traffic  in  Canada.  Conventional  oil  and  gas 
ipclines  in  Canada  already  account  for  about  20%  of  the 
j)tal  freight  traffic.  The  major  cost  in  capsule  pipelining, 
I5  in  conventional  pipelining,  relates  to  the  capital  costs 
|f  the  system.  To  this,  however,  must  be  added  surcharges 
jjr  additional  packaging  and  handling  equipment,  and  for 
iiodest  increases  in  pressure  gradients.  It  is  difficult  to 
i.timate  such  surcharges  with  great  confidence  at  this 
imc,  but  there  is  reason  to  believe  that  capsule  pipelining 
jay  he  ahle  to  enter  at  least  some  of  the  fields  of  trans- 
brtation  of  bulk  commodities. 


AGM  Paper  #54 

csearch  and  Development  Objectives 
. B.  Hunt,  M.E.I.C., 

ice-President — Research  and  Development, 
orthern  Electric  Company,  Limited 

Collectively,  research  and  development  has  become  big 
jsiness.  Well  over  half  of  the  work  in  this  field  is  earned 
it  within  industry,  whose  ultimate  motive  is  to  increase 
rofit  for  their  shareholders.  Industrial  research  must,  therc- 
)re,  he  objective.  To  be  objective  it  must  be  planned  and 
mtrolled  within  the  limits  of  the  Company’s  current  or 
jture  interests. 

' Some  of  the  so-called  research  and  product  develop- 
■ent  carried  out  by  Canadian  Companies  is  just  another 
nclion  of  engineering,  dominated  by  manufacturing.  Re- 
arch, to  bo  effective,  must  have  technical  and  financial 
cedom  within  authorized  limits  well  defined  by  Company 
ilicy.  It  cannot  bo  turned  on  and  off  like  a tap  as  Company 
ofits  rise  and  fall,  or  diverted  to  meet  crash  production 
ograms. 

To  establish  objectives,  research  must  be  aware  of 
|arket  requirements,  current  and  future,  as  well  as  capa- 
jlitics  of  manufacturing.  A co-ordinated  team  reprcsimting 
.irketing,  engineering,  manufacturing  and  research,  is 
(before  necessary  to  establish  Company  policy. 

Dollars  siient  is  no  measure  of  the  effectiveness  of 
sisircli  and  develoiimiait.  It  must,  in  the  long  run,  justify 
;.  e.xpenditnres  by  increased  Company  profit.  With  the 
jige  sums  being  spent  today  by  individual  Companies  on 
jsearcli,  top  management  must  be  fully  informed  well  in 
ilvaiiee  of  development  programs  and  tlu-  possible  effect 
I future  manufacturing  ri'quirements  and  marketing 
blliods. 

! 


AGM  Paper  #IS 

I I'.ugiueer  l.ooks  at  .Shelters 
I'mi  T.  Jeffrey. 

'ipcri'/.v/ug  I'.iif’imcr.  Speeitd  Projeel.s  Group, 

^mmlalioH  of  Canada  /','ug/ucrr/ug  (Uirp.  Lid., 
ontreal.  Cm'. 

j One  ol  the  most  dillieull  and  important  problems 
day  is  to  pu'seut  to  the  man  in  the  street.  ;i  realistic 
|eture  ol  nuclear  elleets  as  they  would  apply  in  e.ise  of 
|ir.  I his  is  a scry  eontrosersial  subjeet  ami  jicople  aie 
■ lined  to  let  thi'ir  leeliugs  rather  than  their  jiuh'.meiit 
'nil  their  opinion.  It  also  h.ippens  to  be  a very  eoniplie.ited 
bjeet  and  an  answer  in  one  location  lor  .1  p.iitieidar  set 
conditions  can,  and  usually  is.  very  dillerent  than  would 
'plv  soiuewheie  else.  I'heie  is  a tendeiicv  for  people  with 
limited  kiiowledv;!'  ol  ihi'  subjeet,  to  t.ike  one  |iaitieul.ir 
■l.iil  which  m.iy  bi'  ti'chnic.dK  correct  and  ap|il\  it  in- 
'’Ciiiuinatcly  to  iittem|it  to  prinide  an  answer  which  may 
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be  far  from  reality  to  the  conditions  that  would  actually 
apply.  This  leads  to  most  of  the  confusion  felt  by  the 
general  pubhc  on  this  subject. 

This  paper  discusses  some  of  the  more  important 
problems  in  the  nuclear  field  as  they  would  apply  to  shelter 
survival.  A number  of  engineering  studies  have  been  done 
for  major  industries  in  Canada  with  respect  to  the  problem 
of  survival  and  possible  plant  damage  in  a nuclear  war. 
These  have  been  done  on  an  engineering  basis  assuming 
strikes  on  certain  strategic  targets  and  plotting  from  known 
measured  data  the  resulting  conditions  as  they  would  occur. 
The  thinking  required  in  these  studies  has  made  it  very 
apparent  that  fallout  is  unquestionably  the  major  problem 
and  that  also  protection  against  it  is  almost  as  much  a 
problem  of  education  as  one  of  shelters.  This  article  dis- 
cusses in  some  detail,  some  of  the  more  important  aspects 
of  the  nuclear  protection  problems  as  they  would  apply  to 
shelters  and  gives  one  a basis  to  assess  reahsHcally  the  value 
of  shelters  for  the  population  as  a whole. 


AGM  Paper  #25 

Progress  in  Power  Distribution 
R.  E.  Jones, 

Contributing  Editor,  Electrical  News  and  Enginering, 
Bolton,  Ont. 

The  distribution  of  electric  power  has  grown  rapidly 
since  Edison  started  his  system  in  1882.  Latterly  the 
progress  of  this  branch  of  enginering  has  been  increasingly 
rapid  with  our  industrial  expansion. 

Distribution  is  traced  from  the  start  w'ith  direct  current 
to  the  transformer  and  alternating  current  followed  by 
details  of  the  evolution  of  the  component  parts  of  a system 
over  the  years. 

Present  practices  are  review'ed  and  in  conclusion  some 
predictions  are  made  for  the  future. 


AGM  Paper  #6 

75  Years  of  Structural  Steel 
W.  C.  Kimball, 

A.ssistant  Chief  Metallurgist,  The  Algoma  Steel  Corporation 
Limited,  Sault  Ste.  Marie,  Ont. 

This  paper  surveys  the  use  of  structural  steels  from 
the  first  steel  framed  building  in  Chicago  in  1888  to  the 
latest  buildings  and  bridges  under  construction  in  1962. 
'I’hc  steel  specifications  used  are  discussed  and  the  develop- 
ment of  the  early  specifications  into  the  pre.sent  steels  is 
followed.  Auxiliary  uses  of  steel,  other  than  as  framing 
members,  are  also  developed,  leading  to  the  present  day 
all  steel  construction  methods.  The  latest  steel  specifications 
are  rexiewed  and  some  predictions  are  made  of  the  stnie- 
tiiral  steel  specifications  of  the  forseeablc  future. 


.\GM  Paper  042 

.Selection  of  Dike  Freeboard  and  Spillwax  (iapaeit> 
for  (iraiid  Ra|)ids  (ieueraliiig  Station 
Ian  William  MeC'aig.  M.i  .i.c.. 

Director  and  llydraulie  /.'iigitieiT.  II.  G.  .\ere.'<  i-  Co.  Ltd. 
I'riH  II.  JimkiT. 

Ilydraidie  i'.neinetr.  11.  G.  .Veres  c-  ('o.  Ltd. 

William  Hamilton. 

Triyeet  Engineer.  11.  .Vi  res  i-  (’.  Ltd.. 

Niagara  Eall.\.  Ontario 

rile  eoiistnu'lioii  ol  the  tir.ind  H.ipiiK  dr\ elopiui  11I  on 
the  S.iskaleliew  .m  Riser  in  M.initob.i  will  en'.ite  .1  I.ugo 
sli.illow  l.ike  ill  w hieli  winds  will  h.ise  .1  in.ilkesl  elli.!  in 
r.iisiiu'.  the  w.ilei  level  .ig.iinsl  the  dskes,  .uul  in  .hisim; 
w.ises  up  the  d\  ke  slopes.  The  cost  of  ineie  isiio:  the  hii.;lil 
ol  the  1.5  miles  ol  dskes.  whieh  ,ile  l«'qniii'si  !.■  I nn  the 
leseisoir,  in. ikes  .1  le.ilislie  estim.ite  o!  thi  se 
noinie. ills'  neeess.us  , 

Meleoiologii  id  studies  of  w m.I  1 1 e.  pi.  1 1.  i-  . Is.ii. 

los;ie.d  studies  of  eslti'ine  lliso.).  wen-  . .'inhii.*  ssoli  ..n 
eeonomie  assessment  of  the  risks  of  .w  ri  t.'ppiii . t tl.e 
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dykes.  These  studies  showed  that  it  was  necessary  to  make 
the  dykes  secure  against  the  effects  of  storms  and  floods  of 
a combined  return  period  of  5,000  years;  that  the  effects 
of  a wind  storm  of  this  probability  were  the  controlling 
conditions  for  the  design  of  the  dykes;  and  that  economy 
in  spillway  construction  could  be  achieved  by  taking  ad- 
vantage of  the  differing  seasons  in  which  these  phenomena 
are  most  likely. 

The  paper  describes  techniques  used  in  computing  the 
effects  of  waves  on  the  dykes  and  shows  how  the  heights 
of  the  various  dykes  were  adjusted  to  allow  for  varying 
conditions  of  exposure  to  wave  attack. 


AGM  Paper  #2 

Suspension  Bridges  for  Material  Handling 
T.  Lamb,  m.e.i.c., 

T.  Lamb,  McManus  and  Associates  Ltd.,  Calgary  Alta. 

R.  N.  McManus,  m.e.i.c., 

T.  Lamb,  McManus  and  Associates  Ltd.,  Calgary,  Alta. 

The  problem  of  handling  petroleum  and  natural  gas 
products,  granular  and  liquid  materials  across  rivers,  gorges 
and  other  difficult  terrain  often  requires  long  span  struc- 
tures for  its  economic  solution.  Topography,  foundation  con- 
ditions, scour  and  ice  hazards  in  rivers,  together  with  other 
general  considerations  often  indicate  the  suspension  type  of 
structure  as  the  most  suitable.  While  consideration  has  been 
given  in  Canada  to  suspension  bridges  for  aggregate  and 
earth  fill  handling,  to  our  knowledge,  in  Western  Canada 
the  pipeline  suspension  bridges  carrying  natural  gas,  oil 
and  liquid  sulphur  are  the  only  ones  in  use  at  present. 
These  structures  vary  in  clear  span  from  600  feet  across  the 
Bow  River  near  Calgary  to  1670  feet  across  the  Peace  River 
at  Taylor  Flats,  British  Columbia. 

The  materials  handling  suspension  bridge  is  different 
from  the  normal  traffic  structure  in  that  its  dead  weight 
and  stiffness  are  usually  small  for  the  length  of  the  span. 
Furthermore  the  transmission  of  the  product  normally  in- 
volves a travelling  belt  or  pumping  operation  which  im- 
presses a natural  vibration  upon  the  structure.  Special 
devices  must  therefore  be  designed  to  overcome  the  inherent 
flexibility  of  the  structure  so  that  it  may  resist  these  vibra- 
tions, together  with  the  effects  of  wind. 

Each  of  the  nine  overhead  river  crossings  in  Western 
Canada  has  been  designed  to  suit  the  particular  problem 
and  location.  In  the  case  of  the  Peace  River  Crossing  at 
Taylor  Flats  and  the  Fraser  River  Crossing  at  Flood,  B.C. 
major  structural  towers  more  than  210  feet  high  were 
fabricated  from  ordinary  pipe.  This  was  necessitated  by 
the  shortage  of  structural  steel  and  fabricating  space,  to- 
gether with  the  urgency  of  the  project  in  1956.  The  calcu- 
lations involving  tire  stabihty  of  these  unbraced  towers,  the 
rigidity  of  the  wind  system  and  the  general  deformation 
characteristics  are  interesting  from  the  engineering  point 
of  view.  These  structures  have  been  in  operation  for  periods 
in  excess  of  five  years  and  records  show  their  structural 
behaviour  to  be  essentially  as  predicted. 

The  more  general  use  of  suspension  bridges  can  be 
anticipated  for  transportation  of  other  materials  as  develop- 
ment calls  for  constraction  of  large  projects  in  difficult 
terrain. 


AGM  Paper  #43 

Some  Aspects  of  the  International  Background  of 
Columbia  River  Projects  in  Canada 
R.  C.  McMordie,  m.e.i.c.. 

Manager,  Engineering  and  Operations, 

B.C.  Power  Commission,  Victoria 

A brief  description  of  the  Columbia  River  will  be 
given  noting  that  the  river  is  the  fourth  largest  river  on  the 
North  American  Continent;  over  1,200  miles  in  length;  has 
a drainage  area  of  259,000  square  miles;  a total  developable 
head  of  2,500  ft.  on  the  mainstem;  an  average  discharge  at 
the  mouth  of  250,000  cfs;  and  a number  of  other  statistics. 

In  order  to  obtain  a perspective  of  Columbia  River 
power,  the  total  power  potential  of  the  river  will  be  shown 


in  relation  to  other  important  power  rivers,  for  example,  the  1 
St.  Lawrence.  This  perspective  will  also  include  the  signifi  ■ * 
cance  of  the  Canadian  potential  of  the  river  in  relation  to 
the  present  installed  capacity  of  the  B.C.’s  public  utilities. 

The  history  will  begin  with  the  reference  on  March  9, 
1944  to  the  International  Joint  Commission  of  the  prohlem 
of  determining  whether  a greater  use  than  is  now  being 
made  of  the  waters  of  the  Columbia  River  System  would  b( 
feasible  and  advantageous  to  the  United  States  and  Canada 
The  establishment  of  the  International  Columbia  Riveip 
Engineering  Board  will  be  described,  followed  by  a brieii  ! 
resume  of  the  International  Columbia  River  Engineering 
Board’s  report  of  March  1,  1959.  Specific  points  noted  ir 
the  conclusion  of  the  report  will  be  discussed,  followed  by 
an  outhne  of  the  background  material  which  led  to  tht] 
engineering  principles  recommended  by  the  I.J.C.  ! 

The  report  on  the  I.J.C.  principles  relating  to  down  [ 
stream  power  and  flood  control  benefits,  December  29  i 
1959,  will  be  discussed,  with  particular  emphasis  on  thi; 
timing  and  sequence  of  project  development  on  the  rivej 
and  its  effect  on  Canadian  downstream  benefits.  ; 

The  Columbia  River  Treaty  will  be  discussed  under  thi; 
following  headings  : 

(a)  Undertakings  by  Canada  and  U.S.A.  (b)  De 
termination  of  Downstream  Power  Benefits,  (c)  Delivery  o 
Power  and  East-West  Standby  Transmission,  (d)  Kootena;j 
River,  Libby,  (e)  Provisions  for  carrying  out  the  Treaty, 
(f)  Treaty  Terms. 

Various  achievements  of  the  Treaty  will  be  discussed! 
for  example  recognition  of  the  downstream  benefit  principle 
benefits  to  Canada,  etc.  An  analysis  will  be  made  of 
number  of  economic  aspects  of  Columbia  development  j 
including  the  “net  and  gross  benefit  question”.  The  con! 
sidérations  which  support  the  conclusion  that  the  Arro\' 
Lakes  storage  project  be  one  of  the  first  projects  to  bi 
developed  will  be  reviewed  in  some  detail.  A discussion  c| 
the  storage  aspect  of  the  Columbia  River  may  be  includec  ; 
depending  upon  the  status  of  the  International  negotiation  j 
at  the  time  the  paper  is  being  presented.  Developments,  :j 
any,  in  the  proposed  electrical  interconnection  between  tb 
B.P.A.  System  and  the  B.C.  Hydro  System  will  be  dfi 
scribed  and  B.C.  Hydro’s  plans  in  this  regard  will  b 
shown.  The  paper  would  be  illustrated  with  a general  ma 
of  the  Columbia  with  project  sites  noted,  together  wit 
suitable  photographs  of  the  Arrow,  Duncan  and  Mic 
damsites. 


AGM  Paper  #6 

Montreal  Central  Terminal  Track  Ventilation  System  | 

G.  V.  Meagher,  m.e.i.c., 

Dilworth,  Secord,  Meagher  6-  Associates  Ltd.,  Toronto 
E.  Eggman  j 

Senior  Engineer,  Dilworth,  Secord,  Meagher  ir  Associate. 

Toronto  ' 

I.  J.  Billington,  m.e.i.c.. 

Senior  Engineer,  Dilworth,  Secord,  Meagher  ir  Associât 
T oronto 


The  complex  of  buildings  of  Place  Ville  Marie  ar 
Canadian  National  Railways  in  and  about  the  Montre; 
Central  Terminal  has  covered  trackage  in  this  area  from  tl. 
Mount  Royal  tunnel  mouth  to  Lagauchetiere  Street.  Tl; 
anticipation  of  this  condition  a few  years  ago  required  tlj 
CN  to  consider  conversion  to  aU  electric  train  operation  ' 
the  station  area  or  the  ventilation  of  the  track  level  i 
collect  and  remove  diesel  fumes.  The  latter  alternative  w j 
established  as  more  economic  and  the  subject  paper  di' 
cusses  the  evolution  of  a ventilation  concept  and  develojj 
ment  of  a suitable  design.  !■ 

Initial  feasibihty  studies  indicated  a solution  throud 
temporary  containment  of  engine  exhausts  by  means  jj 
appropriate  ceiling  configuration  with  the  collection  of  the  ! 
gases  by  a continuous  system  of  plenums  adjacent  to  tl 
tracks  at  ceiling  level.  Collected  gases  would  be  transport* 
for  discharge  at  the  two  ends  of  the  system. 

Model  tests  were  conducted  to  confirm  feasibility 
this  concept,  develop  a satisfactory  plenum  geometry  ai 
establish  first  order  values  for  flow  rates.  Full-scale  e 
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criments  were  subsequently  undertaken  in  the  station  on 
250  ft  test  section  of  track. 

; The  final  design,  which  is  in  process  of  installation, 
Irovides  ventilation  over  12  tracks  of  average  length  of 
100  ft.  Station  geometry,  structural  limitations,  corrosion 
roblems  and  difficult  working  conditions  have  demanded 
unorthodox  design  with  a degree  of  sophistication 
nusual  to  sheet  metal  work.  The  all-aluminum  de.sign  is 
Ighly  unitized  to  facilitate  préfabrication  and  quick  instal- 
ition.  Space  limitations  have  favoured  axial  flow  fans,  thus 
roviding  an  ancillary  requirement  of  noi.se  attentuation. 
.alancing  of  flows  over  long  system  length  has  been 
tcommodated  by  variable  orifices  in  the  plenum  throats 
^■t  to  calculated  values  for  first  approximation  and  adjusted 
|)r  final  .setting  under  flow  conditions. 

The  installation  is  quite  monumental  involving  about 
[3,000  ft.  of  collection  system  over  an  area  of  some  460,- 

00  sq,  ft.,  using  150  tons  of  aluminum  sheet  and  extru- 
!ons.  Flow  rates  and  power  levels  however  have  been 
,iinimized  to  values  of  450,000  cfm  and  300  total  HP 
t’spectively. 

1 

! 

I AGM  Paper  #26 

'ethnical  Information  Service  of  the  National  Research 
(ouncil 

\ E.  McBurnetj,  Chief,  National  Research  Council 
\echnical  Information  Service 

I The  paper  describes  the  operations  of  the  National 
Ic.search  Council  Technical  Information  Service,  includ- 
ig  some  background  as  to  its  origin  and  factors  affecting 
s development  into  the  present  organization.  The  service 
rovides,  free  of  charge,  up-to-date  technological  informa- 
on  on  the  properties  and  processing  of  m;iterials,  the 
fieieiit  operation  of  industrial  facilities,  new  industrial 


developments,  and  the  results  of  scientific  research.  This 
is  done  through  personal  visits  by  engineers,  having  uni- 
versity degrees  and  many  years  of  industrial  experience,  to 
individual  firms.  They  are  backed  up  by  a group  of  similar 
engineers  in  Ottawa  who  have  access  to  wide  and  varied 
sources  of  information.  The  nature  and  extent  of  the  field 
services  established  across  Canada  are  described,  together 
with  some  detail  of  the  techniques  employed  by  the  field 
officers  and  the  difficulties  they  face  in  visiting  firms  and 
obtaining  solutions  for  their  widely  varying  problems. 
Similarly  the  organization  and  functions  of  the  central  staff 
at  Ottawa,  which  answers  those  problems  referred  to  it 
by  the  field  staff  or  directly  from  enquirers,  are  outlined. 
Their  sources  of  information,  their  contacts  with  foreign 
information  centres,  the  fundamental  considerations  govern- 
ing the  form  and  coverage  of  answers  and  factors  affecting 
the  efficiency  of  their  work,  are  discussed.  The  future 
plans  and  organization  of  the  service  are  described  and 
the  advice  and  comments  of  the  members  of  the  Institute 
are  warmly  solicited  to  assist  in  shaping  the  Technical 
Information  Service  and  its  activities  in  the  years  to  come. 


AGM  Paper  #17 

Design  and  Construction  of  the  Brazeau  Dam 
/.  K.  C.  Mulherin,  Chief  Construction  Engineer, 
Montreal  Engineering  Company,  Montreal. 

The  Brazeau  Storage  Dam,  on  the  Brazeau  River,  in 
Alberta,  is  210  feet  high  and  contains  4,000,000  cubic 
yards  of  earth  fill.  It  is  the  first  major  unit  of  the  840,000,- 
000  Brazeau  Storage  and  Power  Development  to  be  com- 
pleted, and  besides  providing  storage  to  be  released  during 
the  low'  flow  period  of  the  North  Saskatchewan  Ri\'er,  it 
raises  the  Brazeau  River  to  an  elevation  at  w'hich  it  can 
be  pumped  into  a high  level  canal  12  miles  long  leading  to 
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Now  you  can  design  and  install  a freezeless  air  condi- 
tioning system  or  eliminate  the  coil  freeze-up  problem 
in  existing  systems.  The  Wing  IFB  Heater  Section  is 
engineered  to  provide  complete  system  protection  re- 
gardless of  the  temperature  of  entering  air.  Uniform 
discharge  temperatures  are  assured  by  the  proper  pro- 
portioning of  intake  air  through  multiple  narrow  face 
and  by-jiass  passages  rather  than  by  throttling  steam. 
Modulating  steam  valves  or  multiple  banks  of  coils  are 
not  iT(|uired.  Non-stratificd  air  delivered  three  feet 
downstream  of  section  eliminates  need  for  extensive 
duct  work  normally  re(|uired  for  mixing  purposes, 
riiermostat  sensing  bulb  locations  are  sim)>lified.  .\ir 
resistance  is  constant  across  face  of  section  regardless 
of  damper  position. 

1 nils  are  suitable  for  use  with  steam,  hot  water  or 
high  temperature  hot  water.  W ide  range  of  sizes  up  to 
3.3.000  cfm.  21  s(|.  ft.  of  faci'  areas  from  single  stvtion. 
I' or  more  details  gt'l  Bulletin  ll  B 0l-.\. 
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the  headworks  of  the  Big  Bend  Power  Plant  where  400 
feet  of  head  will  be  utilized  to  develop  an  ultimate 
800,000  horsepower. 

This  paper  describes  the  design  of  the  unwatering 
conduits,  to  cope  with  velocities  in  excess  of  60  feet  per 
second,  and  the  design  of  the  earth  fill  in  view  of  the 
varying  quahties  of  earth  fill  material  available.  Also 
described  are  the  tests  and  experiments  carried  out  in 
the  field  to  obtain  smooth  surfaces  and  joints  in  the 
conduits,  to  control  earth  fill  placement,  and  to  obtain 
satisfactory  foundations  for  the  structures. 


AGM  Paper  #65 

High-Pressure  Hydraulic  Control  Systems 
P.  N.  Nikifonik,  m.e.i.c.. 

Mechanical  Engineering  Department, 

Universitij  of  Saskatchewan,  Saskatoon. 

The  subject  of  this  paper  is  high-pressure  hydraulic 
control  systems.  The  paper  is  divided  into  three  more-or-less 
distinct  parts.  The  first  part  is  introductory.  It  describes 
the  nature  and  the  status  of  high-pressure  hydraulic  control 
systems.  It  also  includes  a comparison  of  the  merits  of 
electrical,  pneumatic  and  hydraulic  control  systems  in 
order  tliat  the  specific  advantages  and  disadvantages  of  tire 
latter  can  be  clearly  understood.  The  second  part  discusses 
the  design  and  analysis  of  these  systems.  It  starts  with  a 
description  of  these  load  characteristics  which  influence  sys- 
tem design  and  continues  with  a description  of  the  more 
common  types  of  components  available.  It  is  then  shown 
how  this  data  can  be  used  to  realize  a physical  system.  The 
third  and  last  part  of  the  paper  is  devoted  to  practical  con- 
siderations and  typical  apphcations.  Included  with  this  sec- 
tion is  a brief  description  of  the  high-pressure  hydraulic 
installation  which  is  located  in  the  Mechanical  Engineering 
Department  at  the  University  of  Saskatchewan. 


AGM  Paper  #58 

Aspects  of  the  Aeroelastic  Behaviour  of  Bluff  Cylinders 
G.  V.  Parkinson,  Associate  Professor, 

Mechanical  Engineering,  University  of  British  Columbia, 
Vancouver. 

Under  certain  conditions,  elastically  supported  bluff 
cylinders  will  exhibit  oscillations  of  considerable  ampfi- 
tude  in  a steady  transverse  wind.  In  the  paper,  some  exist- 
ing aerodynamic  theories  of  these  oscillations,  and  avail- 
able experimental  evidence  are  examined.  The  theories 
relate  the  oscillations  to  the  influence  of  the  separated  wake 
from  the  cyhnders  in  different  ways,  eitlier  as  a resonance 
phenomenon  between  the  elastic  system  and  the  wake 
considered  to  be  organized  as  a Karman  vortex  street  of 
regular  frequency,  as  a response  of  the  elastic  system  to 
random  excitation  from  a turbulent  wake,  with  no  domi- 
nant frequency,  or  by  assuming  a quasi-steady  model, 
using  the  stationary  flow  pattern  about  the  cyfinder  as  a 
function  of  attitude  to  the  wind  in  the  dynamical  equations. 

Since  the  ampfitudes  of  oscillation,  as  well  as  the 
tendency  to  oscillate  are  of  interest,  the  possibilities  of 
using  non-linear  dynamical  equations  in  the  above  theories 
are  considered.  In  the  existing  theories  of  the  oscillations, 
the  aerodynamics  is  purely  experimental.  Possibilities  of 
using  ideal  fluid  field  theory  are  considered.  The  effect 
of  the  sectional  shape  of  the  cylinder  in  relation  to  the 
separated  wake  is  discussed. 


AGM  Paper  #34 

The  Production  and  Use  of  an  Animated  Film  for 
Teaching  Kinematics 
G.  F.  Pearce,  m.e.i.c.. 

Assistant  Professor  of  Alechanical  Engineering, 

University  of  Waterloo,  Waterloo,  Ont. 

Many  areas  of  engineering  today  have  experienced 
significant  extensions  of  knowledge  during  the  past  decade. 


This  poses  a problem  for  the  engineering  teacher,  i.e.,  hr  II 
to  get  the  student  to  absorb  more  material  in  the  allotti  ( 
time.  One  solution  to  the  problem  is  to  use  more  effectii 
visual  aids,  which  give  the  student  such  a clear  conce 
tion  of  the  elementary  principles  that  he  can  progress 
the  advanced  work  more  rapidly. 

This  paper  is  concerned  with  the  production  and  i,  . 
of  an  animated  film  illustrating  some  principles  of  kii 
matics.  The  actual  production  of  the  film  is  described;  t . 
drawings  used  for  animation,  the  photographic  techniqr  i t 
and  the  equipment  used  are  shown;  and  finally  the  fi  i 
itself  will  be  presented  at  the  Annual  General  Meetir  , i 
The  film  ( 10  minutes  running  time  ) shows  the  displac  , | 
ments,  velocities,  and  accelerations  in  a four-bar  ha  | 
mechanism.  The  method  of  obtaining  the  acceleratic  ; I 
using  a digital  computer  are  explained.  The  particu  ■ | 
conditions  of  maximum  velocity  and  maximum  accelerati  ; 
are  strikingly  portrayed  when  viewing  the  film  and  t j 
superiority  of  the  animated  presentation  over  the  usi  , 
static  presentation  is  evident.  | 


AGM  Paper  ■ ! 

Place  Ville  Marie  — Structural  Steelwork  ! 

C.  J.  Pimenoff,  m.e.i.c.,  j 

Dominion  Bridge  Company,  Limited.  j 

].  Daccord,  a.m.e.i.c.,  j 

Dominion  Structural  Steel  Division,  j 

Canada  Iron  Foundries,  Limited. 

This  paper  deals  with  the  fabrication  and  erection  i ( 
structural  steel  for  the  Place  Ville  Marie  Developme!  j 
consisting  of  The  Royal  Bank  of  Canada  Cruciform  Buii  | 
ing  soaring  over  600  ft.  above  Dorchester  Street,  lj 
street  level  plaza  and  the  Cathcart  Building.  Nea. 
60,000  tons  of  steel  were  fabricated  and  erected  by  i 
“Dominion  Bridge-Dominion  Structural  Steel”  Joint  Vi 
ture.  Due  to  some  unusual  design  features  of  the  structu 
steel  frame,  special  problems  were  encountered  both 
the  shop  and  in  the  field.  This  paper  describes  the  desii 
of  the  more  important  connections,  the  fabricating  tej  j 
niques  used  in  making  some  of  the  heaviest  steel  build:  j I 
components  ever  built  in  Canada  and  the  solution  of  so  j 
special  problems  in  erection.  A general  description  of  ! ( 
project  and  of  the  design  of  structural  framework  will  j ' 
dealt  with  in  two  other  papers,  complementary  to  tj 
one.  I 


AGM  Paper  | 

Variations  of  Snow  Loads  on  Roofs  j 

W.  R.  Schriever,  m.e.i.c.,  and  B.  Peter,  ‘ 

Division  of  Building  Research,  National  Research  Coun\ 
Because  the  snow  load  is  usually  the  critical  load  | 
which  roofs  in  Canada  must  be  designed,  the  assun  ; 
magnitude  and  distribution  of  the  design  snow  load  hi; 
a considerable  effect  on  the  safety  and  the  cost  of  - 
structure.  The  treatment  of  this  load  in  building  codes! 
compared  in  the  paper  to  the  actual  snow  loads  found  ! 
buildings  with  particular  attention  given  to  the  effect  of  j 
wind  and  of  the  shape  of  the  structure  as  well  as  clim; 
variations  across  Canada.  An  extensive  country- wide  sur’j 
of  actual  snow  loads  on  roofs  and  on  the  ground  bej 
conducted  by  the  Division  of  Building  Research  of  j 
National  Research  Council  is  described  and  future  :j 
proved  approaches  to  the  specification  of  snow  loads  < 
indicated. 


AGM  Paper  4| 

Operation  of  the  Belleville  Transit  System 

S.  Sillitoe,  M.E.I.C.,  Production  Superintendent, 
Northern  Electric  Co.  Ltd.,  Belleville,  Ont. 

\ 

Almost  without  exception  Municipal  Transit  Syste 
in  Canadian  cities  of  all  sizes  find  themselves  in  the  p( 
tion  of  requiring  a subsidy  or  incurring  a deficit  fol  ■ 
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imbcr  of  reasons,  tne  most  significant  being  tiie  competi- 
tn  of  the  private  automobile.  Smaller  cities  find  an  addi- 
tnal  deterrent  to  a completely  succes.sful  operation,  in 
jor  street  patterns  and  frequency  of  service  required  to 
(aipcte  with  relatively  .short  walking  distances  in  down- 
tivn  areas;  and  in  very  light  patronage  for  long  periods 
(I  the  day  in  outlying  and  recently  annexed  areas.  The 
Illeville  Transit  System  is  no  exception.  The  paper  deals 
\|th  the  problems  arising  from  the  City  taking  over  the 
jivatcly  owned  Bus  Sy.stem  and  placing  it  under  the  juris- 
( ■tion  of  the  Belleville  Transit  Commission  with  the  tw'o- 
fd  purpose  in  mind  of  extending  the  service  to  annexed 
j|;as  and  operating  on  a .self-supporting  basis.  It  de- 
> ibes  the  observations  made  as  experience  was  gained, 
id  more  specifically  the  lessons  learned  from  experimental 
ilites,  the  public  reaction  and  some  of  the  methods  used 
t|plan  the  complete  sy.stem  operation.  The  progress  made 
t|datc  is  graphically  presented,  together  with  various  route 
ijips. 


ACM  Paper  #47 

Tilmcc  Improvements  at  the  Beaumont  Hydro  Electric 
livelopment 

( G.  Smallridge,  m.e.i.c..  Hydraulic  Engineer, 

'le  Üliaiüinigan  Engineering  Company  Limited,  Montreal 
At  the  Beaumont  Hydro-Electric  Development  on  the 
f Maurice  River,  Quebec,  an  extensive  tailrace  excavation 
(Tied  out  by  a large  walking  dragline  resulted  in  a gain 
( head  of  over  17  feet.  This  paper  describes  the  hydraulic 
(sign  studies,  model  tests,  and  execution  of  the  field  work 
\tli  particular  comments  on  the  problems  associated  with 
t;  two  river  crossings  and  the  compari.son  of  actual  and 
1 'dieted  rcsidts. 


ACM  Paper  #4 

Ifilled,  Cast-in-Place  Piles  and  Caissons 
l\li.  Torchinsky,  m.e.i.c., 

/!  B.  'I’orchinsky  ir  Associates,  Consulting  Engineers, 
ska  toon,  Saskatchewan. 

This  paper  will  deal  with  developments,  during  the 
|st  10  years,  in  the  use  of  cast-in-placc  concrete  piles  and 
< ssoiis  in  Western  Canada.  A description  of  the  .soil  types 
i which  such  foundation  units  ar(!  most  readily  installed 
.d  some  asix'cts  of  design  criteria  will  b(i  iirescntcd.  'I’he 
. dior  will  also  discuss  some  of  the  problems  encountered 
i eoiislruelioii  and  some  special  teclmi(|ues  used  to  cope 
'di  llie.se  problems. 


.\CM  Paper  tflO 

tlliolropie  Design  in  Modern  Bridge  Engineering 
i|  I roitsky.  M.E.I.C.,  tiridge  Engineer, 

I'nndation  of  (Uinada  Engineering  Corporation  Limited, 
Antreal 

I I be  eouleuls  ol  (he  (uoposed  iiajier  w ill  consist  of 
lollowiiig  li\c  main  parts; 

^ (fenered  Data  on  I h iclopnunt  of  (hthotropie  Itridges 
|is  introdueloiy  part  eont.iins  basic  d.it.i  .mil  .i  bi  iel 
'I'll'  ol  the  (le\  (loinnent  ol  modem  steel  biidges  ol 
t|'  oitliotropie  system.  Data  on  European  pr.ietiee.  I'.ielois 
ijueiieiiu;  the  development  ol  oitliotropie  biidges  .iie 
illiiied:  shoitage  ol  material,  progress  in  striii  (m.il  .m.iK 
unpioM'd  welding  teehiiique.  (ioneeption  and  de\elo|>- 
cut  ol  the  oitliotropie  sssteui  as  b.ised  on  espeninenl.il 
* ^ aii.ilytie.il  d.ila.  I lie  battledeek  lloor  .md  gridwoik. 


Can  IDB  help 
finance  your 
business  ? 


If  you  are  engaged  in  a business — or  if  you  plan 
to  start  one — and  required  financing  is  not  avail- 
able elsewhere  on  reasonable  terms  and  conditions, 
you  are  invited  to  discuss  your  needs  with  the 
Industrial  Develoiunent  Bank.  IDH  can  provide 
financial  assistance  to  almost  any  tyire  of  enter- 
prise and  for  a variety  of  business  purposes. 

For  further  information,  write  for  this  descriptive 
booklet,  visit  an  IDH  ollice.  or  consult  your 
auditor,  lawyer  or  chartered  banker. 


INDUSTRIAL  DEVELOPMENT  BANK 

Region»!  Offices  : SI  JOHN  5.  Nlld  • HAIIFAX  N S • SAINT 
JOHN.  N B.  • QUEBEC.  MONTREAL.  P.Q.  • OTTAWA  TORONTO. 
HAMILTON.  LONDON  SUDBURY  PORT  ARTHUR  Om  • WINNIPEG 
Man.  • REGINA  SASKATOON  Soil  • (4 1 G ARY  fOAlONTOM 

Alla  • VANCOUVER  B ( 
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system.  Construction  details  of  the  orthotropic  system, 
deck  types,  performance,  structural  efRciency. 

2)  Analysis  of  New  Bridge  System  and  Method  of  Design 
Anatomy  and  structural  behaviour  of  orthotropic  type 
bridges.  Apphcation  of  the  methods  of  the  Theory  of 
Elasticity  for  Stress  Analysis  of  the  orthotropic  deck. 
Three-dimensional  stress  distribution.  Superposition  of  com- 
ponental  stresses.  Buckling  and  torsional  rigidity.  Sug- 
gested specification  for  live  load  distribution,  materials, 
allowable  stresses  and  permissible  deflections. 

3)  Advantages.  Range  of  apphcation.  Economics.  Weight 
savings  due  to  structural  performance,  advanced  design 
methods,  types  of  steel,  full  utilization  of  materials,  in- 
creased factor  of  safety,  welded  connections.  Comparison 
with  conventional  type  bridges,  composite,  prestressed  steel. 
Great  load-carrying  capacity,  reduction  in  number  of  field 
connections.  Influence  on  substructure  design. 

4)  Examples  of  Existing  and  Proposed  Bridges.  Creation 
of  new  types:  boxes,  cable-braced,  middle  support  bridges. 
Description  of  few  large  steel  bridges  of  orthotropic  design 
to  illustrate  the  general  trend  in  this  advanced  type  of  con- 
struction. Typical  representative  bridges:  Plate  Girders, 
Arches,  Suspension. 

5)  Current  Development,  Trends  and  Research.  Simple 
but  accurate  methods  of  structural  analysis.  Application  of 
electronic  computers.  Research  in  vibrations,  fatigue,  cor- 
rosion, deck  protection.  Experimental  investigations  on 
models  and  full-size  tests  regarding  deck  system  behaviour 
under  loading.  Simplified  and  more  efficient  structural 
members,  connections,  shop  fabrication,  welding.  Evaluation 
of  design  criteria:  permissible  stresses,  deflections,  ultimate 
strength. 


AGM  Paper  #? 

The  Tilting  of  a Blast-Furnace  Foundation 

Nyal  E.  Wilson,  McMaster  University  and 
A.  H.  Atkinson,  Prack  and  Prack,  Hamilton. 

The  paper  describes  the  remedial  measures  taken  i 
stabilize  a large  blast  furnace  foundation  which  started  (j 
tilt  during  construction.  The  foundation  slab,  66  feet 
diameter  and  6 feet  thick,  was  supported  by  250  twelv. 
inch  closed-end  pipe  piles;  the  piles  were  driven  throug 
seventy  feet  of  soft  clay  and  silt  to  refusal  in  a ten-fo( 
layer  of  hard-pan.  The  pile-driving  took  ten  days  and  ff 
foundation  slab,  containing  over  1,000  cubic  yards  of  coi 
Crete,  was  poured  two  months  later.  A few  days  after  tl; 
foundation  slab  was  poured,  the  excavation,  24  feet  dee 
and  50  feet  long  was  made  adjacent  to  the  blast-fumac 
foundation.  Within  two  weeks,  the  entire  slab,  which  ; 
this  stage  weighed  2,500  tons,  moved  four  inches  horizon 
ally.  It  appears  that  the  foundation  pivoted  about  the  encj 
of  the  piles  supported  by  the  hard-pan,  but  it  is  not  po:| 
sible  to  prove  this  as  vertical  movements  were  nir 
measured.  However,  it  is  known  that  settlement  did  n(! 
take  place.  High  pore-water  pressures  were  generated  ij 
the  layer  of  soft  clay  and  silt  during  pile-driving  aii; 
these  were  not  dissipated  due  to  the  low  permeability  tj 
the  soil.  These  pore-water  stresses  caused  a reduction  ij 
effective  stresses  and  thus  reduced  the  horizontal  restraii' 
for  the  pile  group.  Consequently,  as  soon  as  the  adjacei! 
excavation  was  opened,  the  foundation  slab  started  to  creel 
horizontally.  It  was  decided  to  stabilize  the  foundation  sla: 
in  its  new  location.  Heavy  ground  beams  were  poured  coil; 
necdng  the  foundation  slab  to  two  “strong-points”.  Tl[ 
“strong-points”  were  formed  by  driving  composite  ste! 
and  concrete  piles  in  the  form  of  a tripod  and  anchorir' 
these  piles  firmly  into  the  shale  bed-rock.  I 


!> 


ANNUAL  MEETING  PREPRINTS 

Preprints  of  all  Annual  General  Meeting  papers  abstracted  on  the  preceding  pages  will  be  available  at  the  Meeting  in  Montreal.  They 
also  can  be  obtained  from  The  Engineering  Institute  of  Canada,  2050  Mansfield  St.,  Montreal  2,  Que. 
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DOMIHION  RUBBER  ANNOUHCES 


LT  COVER 


Resists  ozone  destruction 


Resists  weather  checking 
Resists  flex  cracking 
Resists  aging  and  hardening 


allowing  years  of  research,  Dominion  Rubber  is 
ow  able  to  introduce  an  important  advance  in 
(inveyor  belt  covers  — WEAl'HERGARD. 
WEAIHERGARD  is  made  possible  through 
c development  of  new  additives  and  processing 
chniques  which  successfully  protect  rubber  belt- 
g against  weathering  and  the  elfects  of  ozone, 
his  unique  protective  cover  is  incorporated  in 
j)th  Dominion  Matchless  and  CJianl  grade  con- 
.■yor  belting  as  a standard  fealurc. 

In  recent  tests,  the  WEA  11  lERCJARD  cover 
as  shown  to  alibi'd  seven  times  greater  protection 
gainst  cracking  caused  by  ozeme.  In  addition, 
|sistance  to  aging  proved  to  be  greatly  increaseil. 

. for  extra  durability  and  longer  life  specify 
•ominion  Matchless  or  Giant  (’onveyor  belts  — 
bw  with  the  ailded  protection  of  vWlAIIIER- 
lARI). 

W I , A I 1 1 1,  R G A R D cover  is  standard  on 
toinmion  C onveyor  belting  at  no  extra  cost. 


COMPARE  THE  RESULTS  OF  TESTS 
BETWEEN  WEATHERGARD  AND  OTHER  BELTING 


OZONE 

RESISTANCE 


ORDINARY  WEATHERGARD  ORDINARY  WEATHERGARD 

100S  I60n  too»;  700S 


ENGINEERED  RUBBER  AND  PLASTIC  PRODUCTS  FOR  EVERY  INDUSTRY 

Dominion  Rubber 

Mochanical  Goodt  Oiviiion 
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Month  to  Month 


E.LC.  ELECTIONS 
AND  TRANSFERS 


A number  of  applications  were  pre- 
sented for  consideration  and  on  the 
recommendation  of  the  Admission  Com- 
mittee, the  following  elections  and  trans- 
fers were  effected  at  a meeting  of  council 
on  March  10,  1962. 


Applications  through  Associations 

By  virtue  of  the  co-operative  agree- 
ments between  the  Institute  and  the  As- 
sociations the  following  elections  and 
transfers  became  effective  March  10,  1962. 

ALBERTA 

Member:  S.  Shepetys. 

Associate  Members:  H.  D.  Hepburn. 

NOVA  SCOTIA 
Member:  A.  W.  Baxter. 


STUDENTS  ADMITTED 
Nova  Scotia  Technical  College;  A.  E. 
Arklie,  G.  R.  Bishop,  L.  L.  Bryson,  R.  R. 
Burnham,  G.  L.  Caudle,  J.  D.  Chisholm, 

B.  P.  Cormier,  A.  T.  Cote,  D.  H. 
Crocker,  B.  J.  Cunningham,  A.  Dachlan, 
A.  Dahlan,  P.  P.  Devereaux,  D.  J.  Di  Ce- 
sare, G.  B.  Dillon,  I.  E.  H.  Duvar,  B.  Cee, 

A.  L.  Hachey,  P.  Henderson,  J.  J.  Henley, 
J.  M.  James,  T.  Leung,  R.  F.  Lusby,  H.  F 
MacDonald,  S.  G,  T.  MacDonald.  J.  C. 
MacKinnon,  D.  J.  MacMullin,  C.  A.  Ma- 
guire, D.  L.  Mason,  E.  S.  Matheson,  C.  W. 
May,  J.  McCormick,  J.  T.  McDonald,  R D 
McLatchy,  K.  F.  McManus,  J.  A.  Murphy, 

C.  W.  Murray,  D.  C.  Muttart,  E.  J.  Nellis, 
R.  M,  Nelson,  D.  F.  Parsons,  J.  M.  Phil- 
pott,  J.  H.  Pike,  D.  W.  Power,  E.  J.  Power, 
T.  A.  Rankin.  J.  H.  Rogers,  R.  T.  Rose. 
G.  J.  Samson,  A.  D.  Solomon,  J.  D.  Soper 

B.  C.  Thomson,  J.  M.  Timmons,  Y.  W 
Tsang,  Wardijasa,  R.  V.  Wells,  W.  L. 
Wheeler,  S.  Wijotosdepadmo,  C.  H.  Win- 
termeyer,  S.  Wongsowmoto,  K.  E.  Wood- 
head,  H.  F.  Young. 


Queen's  University:  P.  G.  Barr,  J.  P. 
Bayne,  B.  D.  Boyce,  B.  A.  Branch,  K.  A. 
Brenner,  R.  D.  O.  Brewer,  H.  A.  Briggs. 
A.  T.  Bruce,  A.  W.  Brueton,  R.  J.  Bulmer, 
R.  A.  Campbell.  E.  J.  Cashman,  H.  T. 


Chan,  J.  A.  Clarke,  L.  P.  Cooke,  J.  C. 
Davis,  J.  H.  Day,  M.  P.  Dolbey,  J.  G. 
Elmitt,  W.  G.  N.  Fleming,  S.  J.  R.  Fos- 
bury, D.  B.  Grant,  D.  W.  Hagemann,  W.  R. 
Hardy,  P.  G.  Harle,  R.  I.  Hodgson,  N.  L. 
Hunter,  R.  J.  Kerr,  D.  C.  Kilby,  G.  T. 
Knights,  J.  P.  Krupicz,  D.  B.  Main,  D.  S. 
Marshall,  G.  O.  Misener,  R.  E.  Moore, 
R.  E.  Morin,  P.  M.  Osborne,  I.  Osis,  W.  J. 
Pickett,  R.  W.  Price,  G.  R.  Racine,  H.  A. 
Rasanen,  B.  E.  Roininra,  P.  N.  Ross,  R.  L. 
Sargant,  M.  C.  Sekerak,  H.  M.  J.  Shurt- 
leff,  J.  D.  Simonett,  B.  A.  Smith,  D.  H. 
Smith,  B.  L.  Stevens,  M.  E.  Vigrass,  M.  J. 
Walker,  D.  R.  Woods,  D.  C.  Wright, 
T.  Y.  L.  Yung. 

University  of  Sherbrooke:  G.  Arel,  G. 
Baillargeon,  B.  Beaulieu,  S.  Bedard,  A. 
Bergeron,  R.  Blanchard,  P.  Boisvert,  D. 
Boucher,  G.  Boucher,  A.  Brais,  N.  Bru- 
neau,  A.  Champagne,  C.  Coté,  M.  Coté, 
G.  R.  Cyr,  R.  Cyr,  D.  H.  D’Amours,  R. 
Desmarais,  V.  Dube,  P.  A.  Duquette,  R. 
Gaudet,  R.  Gervais,  R.  R.  Girard,  R.  R. 
Houle.  J.  Janelle,  G.  Lacharité,  R.  G. 
Lacroix,  L.  Lahaie,  M.  Langlois,  R.  Lavoie, 
Y.  Lessard,  C.  L.  Léveillé,  R.  Lupien,  F. 
Martineau,  R.  Mercier,  Y.  Messier,  B. 
Normand,  M.  Ouellette,  R.  Patry,  J.  Per- 
reault, J.  M.  M.  Perreault,  J.  Roy,  N.  Roy, 
P.  A.  Roy,  G.  Ruel,  M.  St.  Louis,  R. 
Savard,  R.  Taillefer,  J.  Tardif,  A.  Tur- 
geaon,  N.  Vachon,  J.  C.  Vallée. 

University  of  Waterloo:  D.  R.  Austin, 
M.  D.  Clarke,  R.  A.  Clarke,  D.  Edwards, 
R.  D.  Glushkoff,  D.  O.  Hill,  J.  D.  Hubbell, 
B.  E.  Jank,  C.  A..  Mills,  D.  Pizak,  J.  C. 
Robertson,  J.  C.  Stirrat. 

University  of  New  Brunswick:  D.  F.  An- 
drew, E.  W.  Arnold,  H.  A.  Bursey,  J.  Butt, 
G.  A.  Caissie,  D.  R.  Capson,  W.  T.  Cush- 
ing, L.  R.  Elliott,  R.  Fafard,  K.  E.  Fynn, 
A.  L.  Gaunce,  W.  H.  Gentleman,  A.  C. 
Golding,  D.  L.  Halliday,  W.  J.  K.  Holland, 
W.  R.  Jones,  R.  B.  MacQuarrie,  C.  R. 
Matthews,  G.  R.  McDonald,  I.  B.  Milner, 
E.  D.  Milton,  G.  C.  Munn,  C.  L.  Munroe, 
W.  A.  Nesbitt,  D.  H.  Noble,  T.  A.  Parsons, 
J.  D.  W.  Peters,  A.  W.  Petrie,  T.  A.,  Robert- 
son, C.  A.  Robichaud,  W.  H.  Robins,  G.  E. 
Shaw,  A.  V..  O.  Skeat,  F.  M.  Sullivan,  G.  A. 
Thompson,  A.  F.  Van  der  Wey,  F.  A.  Wet- 
more,  G.  D.  Wheeler,  S.  C.  K.  Wong. 

Saint  Mary's  University:  L.  R.  Blanchard, 
G.  D.  Campbell,  E.  L.  P.  Chiasson,  W.  G. 
Comeau,  J.  G.  L.  Cormier,  A,  L.  Geddry, 
R.  J.  Gillespie,  K.  H.  Kho,  A.  H.  Robinson, 


The  Seventy-Sixth  Annual  General  Meeting  of  the  Engineer- 
ing Institute  of  Canada  will  be  held  on  Tuesday,  June  12,  1962, 
at  the  Queen  Elizabeth  Hotel,  Montreal,  P.Q.,  between  the  hours 
of  9:00  a.m,  and  Noon.  This  meeting  will  receive  the  report  of 
the  official  auditors,  the  Annual  Report  of  Council,  Committees, 
Representatives,  and  Rranches,  and  such  other  business  as  may 
come  before  tbe  meeting. 

Garnet  T.  Page,  m.e.i.c. 


General  Secretary 
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W.  M.  Roma,  R.  D.  Taylor,  A.  L.  Thibci 
deau.  j 

Mount  Allison  University:  W.  H,  Berridgif 
H.  J.  Werner  Bohn,  R.  E.  Brown,  D.  l!.| 
Carter,  R.  J.  Desborough,  J.  O.  Eta,  L.  % I 
McEwen,  W.  H.  Meadows,  M.  S.  Mill;' 

J.  A.  Talbot,  R.  R.  Young.  ; 

University  of  Toronto:  W.  J.  Dowke;! 
M.  J.  Heydon,  P.  W.  K.  Ho,  T.  D.  Kianfi  i 
P.  Mannsfeldt,  W.  I.  Marcovitch,  G.  IV;  I 
McCormack,  J.  D.  McCulloch,  J.  A.  C'  ' 
McKnight,  A.  D.  Orcheson,  D.  L.  Robiri  i 
son,  J.  C.  Thompson,  A.  R.  Walsh.  [ J 

Sir  George  Williams  University:  A.  /' 

Davies,  J.  R.  R.  Deslauriers,  G.,  Duroche;: 

V.  G.  Fodor,  J.  Kossegi,  W.  P.  Romanowiiaij 
ski,  J.  L.  Sauve,  P.  Torok,  J.  Vallianato;|f( 

University  of  Alberta  (Calgary):  R.  Arni; 
strong,  K.  E.  Bagnall,  R.  D.  G.  Coles,  R,  E 
Dunbar,  R.  G.  French,  C.  W.  Gillies,  J.  A 
Pinter.  | 

University  of  Alberta  (Edmonton):  S.  \! 

Benediktson,  R.  C.  Fisher,  R.  F.  Manuel. j 

McGill  University:  J.  V.  Branch,  H.  Ul 
Chance,  H.  W.  Griffiths,  C.  3.  Russe!; 

P.  T.  Sinclair,  D.  R.  Smith,  H.  E.  Wallacej 

Laval  University:  A.  Bernard,  M.  Birori 
R.  Bordeleau,  P.  Desaulniers,  G.  Pelchatl 
A.  F.  Roy.  I 

Memorial  University:  R.  J.  Adey,  D.  Ef 
Follett,  R.  W.  Little,  R.  E.  Moody,  T.  l! 
Sutton.  • I 

Dalhousie  University:  R.  J.  Fell,  C.  FÎ 
Jireada.  i 

St.  Francis  Xavier  University:  W.  ji 

Dolan,  M.  T.  McSheffery.  i 

University  of  British  Columbia:  J.  a! 

Jamieson,  R.  A.  Strachan.  ! 

Ontario  Agricultural  College:  D.  E.  Gib- 
bons, J.  J.  Hogan. 

Ecole  Polytechnique:  C.  Chagnon.  ! 

Acadia  University:  A.  J.  Crosby. 

Loyola  College:  P.  J.  Conlon. 

St.  Joseph's  University:  E.  Lagacé.  | 
McMaster  University:  D.  G.  Watt. 

Carleton  University:  B.  F.  Dewis.  ] 


Coming  Events 

American  Institute  of  Electrical  Engi-j 
neers,  Conference  on  Electrical  Prob-j 
lems  in  the  Cement  Industry,  St.[ 
Louis,  April  3-5.  I 

I 

American  Society  of  Mechanical  Engi-j 
neers.  Society  of  Advancement  ofj 
Management,  Management  Engineer-' 
ing  Conference,  New  York,  April  5-6.; 

il 

American  Welding  Society,  Annual  Meet- 1 
ing  and  Welding  Exposition,  Cleve-| 
land,  April  9-13.  ' 

{Continued  on  page  99) 
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ANNIVERSARY 

GENERAL 

AND 

PROFESSIONAL 
MEETING  OF 


THE  ENGINEERING  INSTITUTE  OF  CANADA 


12-15,  1962  ■ Queen  Elizabeth  Hotel,  Montreal 


Registration 

! Advance  registration  through  E.f.C.  Headquarters  closes  June  2nd. 

I Registration  opens  at  12  noon  Monday,  June  1 1th,  at  the  Queen  Elizabeth. 

Accommodation 

' The  Queen  Elizabeth  is  headquarters  for  the  meetings  and  other  events,  but 

! alternate  accommodation  will  also  be  available  at  other  hotels  and  motels  in  the  area. 

Technicai  Program 

The  technical  program  is  listed  on  the  following  pages. 

I 

I Ladies  Program 

An  attractive,  varieil  aiul  interesting  ladies  program  is  being  planned.  Detailed 
information  will  be  included  in  advanced  mailing  which  will  be  sent  to  all  members. 

I 75th  Anniversary 

I 

In  addition  to  an  outstaiuling  technical  aiul  social  program,  a number  ol  special 
events  are  being  planned  to  mark  the  75th  anniversai  v of  the  1 .l.f. 


Committee 

{'haintHtu:  (’.  (i.  KiN(iSMiii, 

I iir-Cli(iiriii(iti:  .I  ac  (.an  s Mi  Noir 
Scnrldi  v:  (i.  M.  Moissoni  ,\i'i  r 
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Bridge  and  Structural 

“Variations  of  Snow-loads  on  Roofs”. 

W.  R.  SCHRIEVER  AND  B.  PeTER 

“Suspension  Bridges  for  Materials  Handling” . 

T.  Lamb  and  Dr.  R.  N.  McManus 

“The  So-called  Shear  Strength  of  Concrete  Beams”. 

Dr.  G.  Kani 

“Drilled,  Cast-in-Place  Files  and  Caissons  in  Western 
Canada” . 

B.  B.  Torchinsky 

“Stabilization  of  Foundations  by  Soil  Cement  Grouting”. 

G.  T.  Keith  and  H.  Sabier 

“Steel  Structures — a 75-year  Development” . 

W.  C.  Kimball 

“Place  Ville  Marie — Structural  Steelwork” . 

C.  J.  PiMENOFF  AND  J.  DACCORD 
“Construction  Features  of  the  Place  Ville  Marie 
Project”. 

T.  M.  Phelan 

“The  Structural  Design  oj  the  Place  Ville  Marie 
Project”. 

J.  E.  Brett,  R.  P.  Ouelette  and  R.  R.  Nicolet 

“Orthotropic  Design  in  Modern  Bridge  Engineering” . 
M.  S.  Troitsky 

“Unusual  Hangar  Design  for  Dorval”. 

E.  A.  Dahl,  m.e.i.c. 

“Structural  Features  of  the  TCA  Overhaul  and  Main- 
tenance Base  Hangars  at  Dorval,  P.Q.”. 

E.  A.  Dahl,  m.e.i.c. 

“Soil  Cement  Construction” . 

E.  B.  Garrett 

Chemical 

“The  Engineering  Operation  of  Large  Pipelines”. 

C.  D.  Bailey,  m.e.i.c. 

“The  Pipeline  Flow  Characteristics  of  Crude  Oil”. 

Dr.  a.  R.  Ritter  and  Dean  W.  Govier 

“Engineering  Aspects  of  Aluminum  Pipe”. 

Not  yet  known. 

“Pipe  Line  Flow  of  Capsules”. 

H.  S.  Ellis  and/or  G.  W.  Hodgson 

Civil 

“Design  Concepts  of  Brazeau  Development  including 
River  and  Hydrology  Studies”. 

K.  G.  Brittain,  m.e.i.c.  and  J.  L.  Reid,  m.e.i.c. 

“Design  and  Construction  of  the  Brazeau  Dam”. 

J.  K.  C.  Mulherin,  m.e.i.c. 

“An  Engineer  Looks  at  Shelters”. 

A.  T.  Jeffrey,  m.e.i.c. 

“The  Isolation  from  Railway  Induced  Vibrations  of  the 
Buildings  in  the  Place  Ville  Marie  Project”. 

J.  E.  Brett,  m.e.i.c. 


“Some  Aspects  of  the  Wind  Loading  of  Structures” 
A.  G.  Davenport,  m.e.i.c. 

“The  Effect  of  Slimes  on  Open  Channel  Transpot 
Fluidized  Solids”. 

R.  W.  Ansley,  m.e.i.c. 

Communications,  Electronii 
and  Automation 

“Electronics  and  the  Future”. 

W.  L.  Haney 


Electrical 


“Progress  in  Power  Distribution” . 

R.  E.  Jones 

''‘'Operation  of  Technical  Information  Service  li 
N.R.C.”. 

R.  E.  McBurney 

“Some  Aspects  of  Research  in  Britain  on  Cables 
Over-head  Lines”. 

Eric  E.  Hutchings 

“Polyphase  Transistors  Magnetic  Inverters”. 

Prof.  C.  H.  R.  Campling,  J.  A.  Bennett  and  D,| 
O’Hara 

“A  New  Approach  to  the  Measurement  of 
Magnetic  Steel”. 

J.  S.  MacKelvie,  H.  Hollitscher  and  Dr.  E.i!j 
Elgar 

“Analogue  Computer  Simulation  of  Ship  Propul  . 
Systems”.  * 


W.  A.  Wyeth 

“Economics  of  Heavy  Water  Reactors”. 

J.  R.  Dickinson 

“The  Research  Man  Considers  the  Euture  of  Electr 
Engineering  Imaginatively” . 

W.  L.  Haney 

“Compensated  Dynamic  Braking  of  3-Phase  Wo 
Rotor  Induction  Motors”. 

G.  Hansen 


Education 

“Mining  Engineer  Education” . 

Prof.  A.  V.  Corlett 

“The  Production  and  Use  of  an  Animated  Film 
Teaching  Kinematics” . 

Prof.  G.  F.  Pearce 

Half-Day  Panel  Discussion  on 

“The  Image  of  The  Engineer — The  Viewpoint  of 

Universities” . 

Panellists:  Dean  H.  Gaudefroy,  Dean  Da 

Myers,  Dean  J.  Hodgins,  Prof.  James  Ham  a 
Prof.  A.  Porter 
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enEica 


uotechnical 


Management 


Sitlement  Studies  of  Mt.  Sinai  Hospital,  Toronto”. 
aIl  D.  Crawford  and  K.  N.  Burn 

J\’.  Tilting  of  a Blast  Furnace  Foundation” . 

Rk  Nyal  E.  Wilson  and  A.  H.  Atkinson 

^mdations  for  the  Port  Mann  Bridge,  B.C.”. 
üjef  Engineer  at  B.C.  Highways) 

Tatment  of  a Landslide  Problem  in  B.C.”. 

.t.  Thurher 

ÏX'mour  Dam,  Earthwork  and  Foundation  Design”. 
.E  Ripley 

S Adam  Beck  So.  2.  Pumped  Storage  Reservoir 
tig-rt,  Construction  and  Performance” . 

.\a.  Taylor 

Mo  Listed  Under  Hydro-Electric  Div.). 

F'lure  of  a Silo  on  Varved  Clay”. 
f\].  Eden  and  M.  Bozozuk 


Nro-Electric 


I ilutian  of  Construction  Methods  in  the  Hydro- 
htric  Field”. 

)i  R.  L.  Hearn  and  Dr.  R.  E.  Heartz 

Sleclion  of  Dike  Freeboard  and  Spillway  Capacity 
fiw  Grand  Rapids  Generating  Station”. 

IcCraig,  F.  M.  Jonker  and  W.  Hamilton 

S\ne  Aspects  of  the  International  Background  of 
(umbia  River  Projects  in  Canada”. 

'.C,  M(  Mordie 

(crating  Experiences  in  a Hydro-Electric  Plant 
cling  a Scmi-lsolated  System”. 

'1|(i.  (iRI.l'.N 

Ijloni  Outlets  under  High  Head”. 

Biuirand  and  I;.  Parisei 

l-niano  Tunnel  Operation  and  Maintenance” . 

1.  CooKi'.,  .1.  W.  l.iniiY  and  .1.  r.  Madm.l 

IJlrace  Improvements  at  the  Beaumont  Hydro- 
j\lric  Development” . 

' I.  .Smai  I KIIX.F 

/('  Design  and  ( '(instruction  of  d .^5  Kv.  Fransmi.ssion 
/■  Using  Guved  and  Rigid  Structures”. 

. Crowii  y and  S.  I . RuDIkIN,  M.l  .i.c. 

I>  \imis  II  Powerhouse  Plant  .irrungement” . 

, D(.AK  Ransom 

' ‘{dam  lieel\  No.  2.  Pumped  Storage  Reservoir 
Uign,  ( onsiruclion  and  Performance” . 

\1.  I A\  I OK  (Also  listed  in  ( iciMeclinical) 

Id  Rock  I (dis  Pr(iject” . 

'A.  loKKISIIK 

l\rward  Planning  Studies  Involving  the  Economic  Full 
level  of  Grand  Rapids  Generating  .Station  of 
'Piitoha  Ilvdro”. 

H\ll  MAN  AND  K.  Rl  N(.l  K 


“Research  and  Development  Objectives” . 

A.  B.  Hunt,  m.e.i.c. 

“Engineers  and  the  Canadian  Economy”. 

J.  P.  Francis 

“Operation  of  the  Belleville  Transit  System”. 

S.  SiLLITOE 

“2  Hour  Panel  Discussion  on  Symposium  on  Manage- 
ment”. 

Panellists:  Dr.  A.  H.  Zimmerman,  D.  Nesbitt  and 
R.  Winters 


Mechanical 


“Aspects  of  the  Aeroelastic  Behaviour  of  Bluff  Cyl- 
inders”. 

Prof.  G.  V.  Parkinson 

“ Mechanical  Services  on  the  Place  Ville  Marie  Project”. 
Munro  H.  Kert 

“The  Alignment  of  Large  Diesel  Engines”. 

Name  not  yet  known  (per  R.  C.  McMordie) 
“Montreal  Central  Terminal  Track  Ventilator  System”. 
Geo.  V.  Meagher,  m.e.i.c.,  I.  J.  Billington  and 

E.  Eggmann. 

“Convective  Heat-transfer  for  a Helical-Fin  Tube  in 
Longitudinal  Flow”. 

Prof.  R.  E.  Chant,  m.e.i.c. 

“The  Effect  of  Exterior  Building  Construction  upon  the 
Cost  of  Heating  and  Air  Conditioning  Systems”. 

Prof.  G.  H.  Green 

“High  Pressure  Hydraulic  Control  Systems”. 

Prof.  P.  N.  Nikiforuk 
“Non-Destructive  Testings  of  li  elds”. 

J.  B.  Hayward 

“Design  & Construction  .-ispects  of  the 
Bcechwood  Third  Unit”. 

G.  C.  CiUNIIIlR 

“.‘{bsolute  Measures  of  W'ork  Management”. 

W C .A.  B.  I low  1 I I . R.C.A.F. 

“Steam  and  Gas  7'urbines”. 

E.  R.  SlCiNIR 


Mining 


”l  tiusual  Problents  in  Development  of  Calami  Mining 
Operation  at  Steep  Rock  lake”. 

F.  W . W III  I M w.  S.  .\.  Rl  IP  \s  v\D  Dr.  R.  \t  H \rdv. 

"Some  {spects  of  Strata  Control  in  Mining”. 

Proi  . D.  I . Covii  s 

“ \<'ir  Developments  in  Mining  Engineeriny:  I'erh- 
nologv”. 

.I('inl  paper  h\  Cidleagiies  v>r  Dr.  Charbonniik 
” \{  (i  I vpes  (if  ^littéral  i lassifti  (itii>n  E luipme-y” . 

Dr.  R.  P I iinrhonmi  r 


• 7 


«1  INOINEERING  JOURNAL  (|ic  APRIL,  1961 


ll 


Monday  June  11th 


Sunday,  June  10th 

Annual  Meeting  of  Council  7:00  p.m. 

Thursday,  June  14th 


Committee  on  Branch  Operations 

9:00 

a.m* 

E.I.C.  Conference  on 

Engineering  Education 

o 

o 

0^ 

a.m. 

Committee  on  Technical  Operations 

9:00 

a.m. 

Joint  Luncheon,  All  Conferences 

12:30 

p.m. 

Committee  on  Branch  Operations 

(Continued) 

2:00 

p.m. 

Open  House— Muriel’s  Room 

8:30 

p.m. 

Tuesday,  June  12th 


Authors’  breakfast 
Annual  General  Meeting 
Muriel’s  Room 
Opening  Luncheon 
Students’  Conference 
Technical  Sessions 
Special  Entertainment 


7:45  a.m. 
9:00  a.m. 
12:00  noon 
12:30  p.m. 
2:00  p.m. 
2:30-5:30  p.m. 
6:00  p.m. 


Wednesday,  June  13th 

Authors’  breakfast  7:45  a.m. 

Association  of  Consulting 

Engineers,  Directors’  Meeting  9:00  a.m. 

Technical  Sessions  9:00-12:00  noon 

New  Council  Meeting  9:30  a.m. 

No  Organized  Luncheon  noon 

Students’  Conference  2nd  Session  2:00  p.m. 
Technical  Sessions  2:00-5:00  p.m. 

Muriel’s  Room  6:30  p.m. 

Dinner  Institute’s  official  visitors,  and 

President  Ballard’s  retiring  address  7:00  p.m. 

Special  entertainment  9:00  p.m. 


Authors’  breakfast 
Technical  Sessions 


7 

9:00-12: 


:45  a.m. 
00  noon 


Meeting,  National  Committee  on 
Professional  Development 


Programs 

9:00 

a.m. 

Muriel’s  Room 

12:00 

noon 

Luncheon,  Presentation  of 

Medals  and  Awards 

12:30 

p.m. 

Students’  Conference,  final  Session 

2:30 

p.m. 

Meeting,  Committee  on  Membership 

2:30 

p.m. 

Association  of  Consulting  Engineers, 

Annual  General  Meeting 

2:30 

p.m. 

Local  Plant  Visits 

2:30 

p.m. 

Association  of  Consulting 

Engineers — Annual  Dinner 

7:00 

p.m. 

Evening  Free 

Friday,  June  15th 

Authors’  breakfast 

7:45 

a.m. 

Technical  Sessions  9:00- 

12:00 

noon 

No  Organized  Luncheon 

Noon 

Technical  Sessions  2:00 

1-5:00 

p.m. 

Muriel’s  Room 

6:30 

p.m. 

Annual  Banquet,  Special  Speaker 

7:30 

p.m. 

Annual  Dance, 

Muriel’s  Room  Open 


10:00  p.m. 


Saturday,  June  16th 

Extended  Tours:  SUGGESTIONS: 

St.  Lawrence  Seaway. 

Manicouagan  Power  Project, 
and  Quebec  Cartier  Mine. 

Quebec  Iron  & Titanium, 
Sorel. 
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I (Continued  from  page  y 4) 

i Coming  Events 

nerican  Institute  of  Electrical  Engi- 
neers, Rubber  and  Plastics  Confer- 
ience,  Akron,  Ohio,  April  9-10. 

merican  Society  of  Mechanical  Engi- 
neers, American  Institute  of  Electrical 
Engineers,  Engineering  Institute  of 
1 Canada,  Railroad  Conference,  Toronto, 
April  10-11. 

eological  Association  of  Canada,  Cana- 
dian Institute  of  Mining  and  Metal- 
' I'lrgy,  Joint  Annual  Meeting,  Otta- 
wa, April  23-25. 

merican  Society  of  Mechanical  Engi- 
neers, Maintenance  and  Plant  Engi- 
neering Conference,  New  Orleans, 
May  7-8. 

i 

'merican  Mining  Congress,  Coal  Conven- 
j tion,  Pittsburg,  May  7-9. 

I 

listitute  of  Radio  Engineers,  American 
I Institute  of  Electrical  Engineers,  Elec- 
I tronic  Components  Conference,  Wash- 
j iiigton,  D.C.,  May  8-10. 

jcchnical  As-sociation  of  the  Pulp  and 
I'aper  Industry,  13th  Coating  Confer- 
ence, Cincinnati,  May  15-16. 

hemical  Institute  of  Canada,  Canadian 
Chemical  Conference  and  Exhibition, 
Edmonton,  May  27-30. 

anadian  Aeronautical  Institute,  Annual 
Ccneral  Meeting,  Montreal,  May  28- 
29. 


ONLY  YOUR  BALANCE  SHEET 
KNOWS  THE  DIFFERENCE 


QUALITY 


CASTINGS 

BRONZE  - BRASS  - ALUMINUM  - MONEL 


i.madian  Nuclear  As.sociation,  Annual 
Meeting  and  Conference,  Ottawa,  May 


28-.30. 


.merican  Society  of  Mechanical  Engi- 
luters.  Summer  Annual  Meeting,  Que- 
hee  City,  June  10-14. 


(Hastings  may  look  alike  . . . hut  only  Union 
Castings  jtay  the  hig  dividemls  on  a halance 
sheet.  Speeilving  Union  means  sound  eastings 
with  eonlroll(Ml  analysis  (or  each  application  — 
an  investnumt  made  to  last. 


ingiiurcring  Institute  of  Canada,  76th 
I Animal  (ieneral  Meeting,  Montreal, 
j Imii'  I2-I.'î.  |jjj 

! 

i 

I 

i 

IUh  lo  your  own 

I ADVAINTAGU 

lo  II.S(‘ 

I M.K.I.C.  A.M.M.l.C.  S.K.I.C. 

i ill  till 

j your  I'oriTMooiulriiri' 

* * * 


Sixteen  ounces  ...  or  three  thousand 
pounds — Cnion  handh's  (‘ach  with  care  in  one 
ol  Cianada's  most  modern  non-lcrrous  lotmdrics. 

UNION  QUALITY  PATTERNS 

I )cpcn(hihilil y.  dt'sign  and  accuracy  art'  huilt 
into  I niou  l*all('rns  wlu'llu'r  llu'v  ht'  t)l  wt)t>tl  ttr 
mt'tal — krt'SMirt'  t'ast  match  plait's  a spt'ciall\. 

I nvt'sl  ill  I ht'  ht'sl . 


THE  UNION  SCREEN  PLATE  COMPANY 
OF  CANADA  (LIMITED) 

HIAD  omet:  UNNOXVIUf  OUI 
J HANTS  TO  SIfVI  rOU  AT  STKATICK  ICKATIONS 
PLANT  and  SALIS  OMICISt  LINNOXVILLI.  MONIRIAL.  P 0 aad  IRAAtPTON  ONT. 
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It’s  all  there,  every  detail  sharp  and  clear,  in  Record ak  precision  35mm  microfilm  ImagijB 

There’s  more  to  these  Recordak  pictures  | i 
than  meets  the  eye! 


Recordak  precision  35mm  microfilm  images 
more  than  meet  the  most  exacting  requirements 
— give  a minimum  of  120  lines  per  mm  reso- 
lution at  30-to-l  reduction  ratio. 

Look  closely  at  some  Recordak  microfilm  images 
in  a film  reader.  See  how  every  detail  is  sharp  and 
clear  . . . how  the  backgrounds  are  remarkably  uni- 
form, even  though  the  pictures  you’re  looking  at 
were  made  from  drawings  and  prints  of  every 
type  and  age. 

How  do  these  Recordak  pictures  come  out  so  well? 

First,  the  negatives  were  made  on  Recordak  Micro- 
File  Film  with  Recordak  Precision  Microfilming 
equipment.  Carefully  controlled  exposure  techniques 
assure  uniform  backgrounds  and  contrast.  The  ex- 

of  Canada,  Limited 

MONCTON  • QUEBEC  CITY  • MONTREAL  • OTTAWA 
TORONTO  • HAMILTON  • LONDON  • V/INNIPEG 
REGINA  • CALGARY  • VANCOUVER 

Safes  and  service  points!  Check  local  telephone  YELLOW  PAGE 


posed  film  is  then  developed,  according  to  the  most 
up-to-date  scientific  standards. 

Your  staff  can  easily  be  trained  in  the  use  of  the 
Recordak  Micro-File  equipment  especially 
calibrated  to  produce  images  as  sharp  and  clear  as 
you’ll  ever  need. 

This  is  important,  for  your  success  with  an  auto- 
mated engineering  drawing  program  depends  mainly 
on  the  quality  of  the  pictures  you  use,  and  on  the 
quality  of  the  prints  you  can  make  from  them. 

Free  booklet  goes  into  more  details  on  precision 
microfilming  available  through  Recordak.  Obtain 
it  by  using  this  coupon. 


.MAIL  COUPON  TODAY) 


RECORDAK  of  Canada,  Limited 
105  Carlton  Street,  Toronto  2,  Ontario 


E-4-62 


Send  booklet  describing  Recordak  Engineering  Drawing 
System  and  name  of  nearest  Microfilming  Dealer  of  Recordak. 


Name  - 


Company- 
Address — 
City 


Position- 


-Zone- 


- Province- 


listings  under  "MICROFILMING”  for  telephone  number  and  addreB 
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KIRK  KEY  INTERLOCK 

S(f4tem4, 


Key. . . 

your  operations 
for  safety  I 


•r 


I-T-E  Kirk  Interlock  Systems  prevent  the  authorized  person 


Type  F — For  flat  mounting.  Can  be 
mounted  on  any  protective  device. 


from  making  an  unauthorized  operation,  thus  providing  addi- 
tional safety  for  your  personnel  and  equipment.  Applied  to  two 


Type  D — Detachable.  Can  be  mounted 
on  cell  door,  gate  or  compartment.  One 
key  retained  with  door  locked  open; 
other  key  can  be  retained  by  operator 
or  used  to  operate  other  devices. 


or  more  movable  parts,  Kirk  Interlock  Systems  prevent  or 
allow  movement  of  one  part  only  when  another  part  is  locked 
in  a predetermined  position.  Unlimited  operating  schemes 
can  be  arranged  in  electrical  installations,  processing 


P 


Type  B — For  base  mounting.  Can  be 
mounted  on  handle  of  disconnecting  de- 
vice; key  released  when  lock  is  open. 


systems,  fluid  and  pneumatic  systems,  etc.,  from  combina- 
tions as  shown,  or  multiple  units  of  any  one  of  them.  Individual 
locks  are  mechanical  and  meet  mounting  requirements. 


ADVANTAGES  OF  A KIRK  INTERLOCK  SYSTEM 


i 1.  I iiI.rrIockH  over  iiny  (liHtanc('.  willioul 
coinpliciitrd  and  ('xpcnHivo  «•(>ni\i'('l.- 

I iiiK  roda  or  otlicr  incidianiHinH. 

I 

i'J.  Applicalili-  to  any  atandard  ('(piip- 
mrnl.  No  m'od  lo  dcaiKn  l■(|nipln^nl 
to  tit  till'  inli'rlock. 

|d.  V'ory  ditru'idt  to  dotoat.  IIowi’Vit, 
ran  In-  arran;(rd  to  lir  dotrated  in  an 
I'lni'rKriu'y. 


4.  la  caaily  rxiiandi'd  or  ri'-arranK<'d. 
('an  alao  In-  aildi-d  to  I'xialiiiK  inti'r- 
lock  ayatcnia.  incclianical,  electrical, 
or  key  I y pc. 

5.  Unila  can  lie  mounted  directly  on  the 
devici',  or  on  an  adapter. 

(>.  Accurate  recorda  kept  by  l-'I’-l'',  pre- 
vent duplicat  ion  of  coiiibinationa  and 
ot  her  errora. 


Write  for  bulletin  which  gives 
complete  description,  applica- 
tions, and  typical  schemes  for 
I-T-E  Kirk  Interlock  Systems  to: 
I-T-E  Circuit  Breaker  (Canada) 
Limited,  Eastern  Power  Devices 
Division,  2401  Diitie  Rood, 
Port  Credit,  Ontario. 


I-T-E  CIRCUIT  BREAKER  (CANADA)  LIMITED 

EASTERN  POWER  DEVICES  DIVISION 
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Peter  Kupa,  m.e.i.c.  (Queen’s  ’45)  has 
been  appointed  Supervisor  of  the  Poly- 
mer Corporation’s  Butyl  Plant.  Mr.  Kupa, 
formerly  the  Assistant  Supervisor,  has 
already  assumed  his  duties.  Mr.  Kupa 
joined  Polymer  in  1945.  After  serving  in 
Production  Control,  he  became  senior 
engineer  in  the  Styrene  Unit  in  1959, 
and  two  years  later  moved  to  the  Pro- 
duction Division  as  assistant  supervisor 
in  the  butyl  plant. 

Arnold  H.  Boehm,  m.e.i.c.  ( Univ.  of 
Prague  ’32)  has  joined  the  staff  of 
Surveyor,  Nenniger  & Chenevert,  Con- 
sulting Engineers  of  Montreal,  as  senior 
steel  mill  specialist.  Mr.  Boehm,  who 
has  wide  experience  in  the  steel  indus- 
try, was  formerly  chief  engineer  and 
senior  planning  engineer  of  the  Mont- 
real Works  of  the  Steel  Company  of 
Canada  Limited. 

Per  Hall,  m.e.i.c.  ( Royal  Tech.  Col- 
lege, Copenhagen  ’35),  Armand  Cou- 
ture, M.E.I.C.  (Univ.  Laval  ’53)  and 
E.  Van  Walsum,  m.e.i.c.  (Delft.  ’52) 
have  formed  the  firm  of  Per  Hall  & 
Associates,  with  offices  in  Montreal.  Mr. 
Hall  has  been  responsible  for  numerous 
enginering  projects  in  Denmark,  Sweden 
and  England.  He  has  been  in  Canada 
since  1940,  and  in  the  services  of  the 
Aluminum  Company  of  Canada,  and 
The  Foundation  Companies.  Mr.  Couture 


held  the  position  of  Assistant  Division 
Engineer,  Traffic  and  Transportation 
with  FENCO,  and  Mr.  Van  Walsum 
the  position  of  Project  Engineer  also  with 
FENCO,  before  joining  the  new  firm. 

John  M.  Dyke,  m.e.i.c.  (Toronto  ’43) 
has  been  appointed  chief  engineer  of 
the  boiler  division  at  Dominion  Bridge. 
Mr.  Dyke  joined  the  boiler  design  de- 
partment in  1956  following  wide  engi- 
neering and  sales  experience  in  the  com- 
bustion field. 

Andrew  Chmielenski,  m.e.i.c.  (Warsaw 
LTniv.  ’34)  has  been  elected  president  of 
Foundation  of  Canada  Engineering  Cor- 
poration Limited  (FENCO).  Mr. 
Chmielenski  joined  Foundation  in  1952 
and  two  years  later  was  transformed  to 
FENCO  when  that  organization  was 
formed  as  a separate  member  of  the 
Foundation  group.  In  1957,  he  became 
FENCO’s  Division  Engineer,  Marine 
Structures.  He  became  Vice-President  of 
FENCO  in  1960.  In  his  new  post,  he 
will  continue  to  make  his  headquarters 
in  Montreal. 

Trevor  B.  Davey,  m.e.i.c.  (Man.  ’53, 
McCill  ’57)  has  been  appointed  Associ- 
ate Professor  and  Chairman  of  the  De- 
partment of  Mechanical  Engineering  at 
Sacramento  State  College,  Sacramento, 
Calif. 


E.  J.  (Ted)  Beauchamp,  m.e.i.c.  (Sasl 
’55)  has  recently  accepted  the  positio 
of  Building  Engineer  with  the  City  c 
Oshawa.  He  was  previously  employe 
as  a building  enginer  with  the  Depar 
ment  of  Buildings  and  Developmen 
Toronto. 

Ronald  C.  Clough,  m.e.i.c.  has  been  ai 
pointed  representative  to  British  Cc 
lumbia  and  Alberta  for  the  Canadia 
Welding  Bureau.  Mr.  Clough  has  ha 
several  years  experience  as  a consul 
ant  specializing  in  welded  design,  bot 
structural  and  mechanical. 

H.  A.  Cann,  m.e.i.c.  (Manitoba  ’36 
formerly  Western  sales  manager.  Mi 
chanical  Products,  Winnipeg,  of  th 
Dominion  Rubber  Company,  has  hee 
appointed  general  sales  manager,  Mt 
chanical  Good  Division  with  heac 
quarters  in  Montreal. 

Harry  Copping,  m.e.i.c.  (Leeds  Coll,  i 
Tech’  30)  Managing  Director  and  Pres 
dent  of  E.C.C.  Canada  Ltd.  has  hee 
appointed  Ontario  Representative  on  th 
Council  of  the  Institute  of  Electric. 
Engineers  in  London,  England.  He  rt 
places  R.  P.  Horlock,  who  has  bee 
transferred  to  the  head  office  of  A.E. 
Ltd.,  London,  England.  Mr.  Coppin 
previously  was  Chairman  of  the  Elei 
trical  Section  of  the  Engineering  In.stituf 
of  Canada  in  Toronto. 


JUNE  20,  1962: 


JUNE  21,  1962: 


CONFERENCE 

Some  Aspects  of  Friction  and  Wear 
In  Mechanical  Engineering 

Wear-Railway  Rolling  Stock  Components 
W.  H.  Cyr,  C.N.R.,  Montreal 

Modern  Developments  in  Friction  and  Wear  Research 

C.  A.  Brockletj,  U.B.C. 

An  Introduction  to  Rail  Wear  and  Rail  Lubrication  Problems 
K.  R.  Kilbiirn,  Quebec  North  Shore  ér  Labrador  Railway,  Sept-lles 

Discussion 

The  Factional  Mechanism  of  Rolling  and  Sliding  Over  Wood 

D.  Atack,  W.  D.  May,  Pulp  ù Paper  Research  Institute  of  Canada 

An  Outline  of  the  Mechanism  of  Sliding  and  Rolling  Friction  of  Rigid  Spheres  and 
Cylinders  Over  Wood,  and  a discussion  of  their  Role  in  the  Wood-grinding  Process 

Discussion 
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IMNECTIONS 

wjelok  has  such  a complete  vari- 
Blkhead  Tube  Fittings.  Standard 
cjBulkhead  Tube  Fittings  include: 

lljead  Unions 
lljead  Adapters 
llead  Male  Connectors 
lljead  Swagelok  to  AN  Unions 
l|ead  Female  Connectors 
ijead  Reducing  Unions 

Id  Bulkhead  Fittings  are  available 
I )r  1/16"  through  1"  0.  D.  tubing 
make  leak  tight  connections  on 
iriety  of  tubing  materials  such 
tjss  steel,  monel,  Nylon,  Teflon, 
oper,  steel,  etc. 

il<  Bulkhead  Fittings,  like  all 
k Tube  Fittings,  are  available  in 
mineable  metal  or  plastic  to  meet 
■ icular  requirements. 


Vie"  O.D.  316  STAINLESS  TUBING 


3/i6"  O.D.  COPPER  TUBING 


Va"  O.D.  STEEL  TUBING 


1/4"  O.D.  GLASS  TUBING 


1/2"  O.D.  NYLON  TUBING 


npf,  whether  you  require  fittings 
b iplest  application  or  the 

Jinanding,  whether  it  is  / 

■tubing  material,  unu- 
Sig  material  or  unusual 
Ipes,  Swagelok  Tube 
.|olve  your  problem. 


•Dupont  Trademarli 


TUBE  FITTINGS  SOLVE  YOUR  PROBLEMS 


j 

I 


J 


CRAWFORD  FITTINGS  (CANADA)  LTD.,  NIAGARA  FALLS,  ONTARIO.  CANADA 


Baie  Comeau 

G.  W.  Scott,  M.E.I.C. 

Correspondent 

As  a supplement  to  their  visit  to  Port 
Cartier  last  summer.  Branch  members 
held  a film  evening  and  discussion  on 
February  15.  R.  B.  Magahay,  general 
manager  of  Foley  Brothers  (Canada) 
Ltd.,  introduced  by  L.  A.  G.  Tellier, 
Branch  Chairman,  was  the  guest  speaker. 
Formerly  project  manager  of  Pitts-Foley, 
the  firm  created  for  the  construction  of 
the  Quebec  Cartier  Railroad,  Mr. 
Magahay  showed  two  films  which  paid 
tribute  to  the  varied  engineering  prob- 
lems involved  in  mining,  processing  and 
shipping  iron  ore. 

The  first  film,  entitled  “Railroad  to 
the  North”,  covered  the  construction  of 
the  194  mile  Quebec  Cartier  Railroad 
which  carries  12,500-ton  capacity  trains 
from  the  ore  concentrator  plant  at  Lac 
Jeannine  to  Port  Cartier.  A vivid  im- 
pression of  tlie  varied  terrain  and  the 
mammoth  construction  problems  asso- 
ciated with  this  railroad  was  provided 
by  the  film  taken  during  the  construc- 
tion of  that  $65  million  project. 

The  route  for  the  railroad  was  sur- 
veyed initially  by  areo-photographic 
methods.  The  original  estimated  e.xcava- 
tion  of  10  million  cubic  yards  was 
e.xceeded  by  8 million  yards,  and  the 
construction  program  to  meet  this  addi- 
tional requirement  was  met  by  the  pro- 
vision of  e.xtra  equipment,  and  working 
through  the  winter  of  1959-60. 

The  second  film  entitled  “Horizons 
North”  was  made  by  the  Erie  Mining 
Company,  and  showed  the  recently  es- 
tablished 10  million  ton  capacity  taconite 
processing  plant  at  Hoyt  Lakes  in  the 
Mesabi  Range  iron  ore  deposits  in 
Northern  Minnesota.  Until  mid-twentieth 
century,  the  conversion  of  taconite, 
containing  27%  iron,  into  a commercially 
usable  form  of  ore  was  not  known  to  be 
economic  and  the  Erie  Mining  Company 
spent  $20  million  on  development  work 
before  starting  the  Hoyt  Lakes  project 
in  1953.  The  film  showed  the  crushing, 
grinding  and  separating  machinery  re- 
quired to  reduce  the  ore  from  lumps 
as  mined,  to  the  eventual  separation  at 
pass  200  mesh,  and  the  formation  of 
pellets  at  66%  iron  content  suitable  for 
blast  furnace  reduction. 


A question  and  answer  period  followed 
the  showing  of  each  film.  Mr.  Magahay 
was  thanked  by  Ian  Sewell. 

Belleville 

A.  F.  G.  Tooth,  M.E.I.C. 

Correspondent 

Sid  Sillitoe,  engineer  at  Northern 
Electric,  and  a member  of  the  Belleville 
transit  commission,  was  the  guest  speaker 
at  the  Branch’s  February  12  meeting. 
Mr.  Sillitoe  reported  on  conditions  in 
Belleville  which  led  to  the  city  taking 
over  the  transit  system  and  on  the  prob- 
lems the  commission  is  confronted  with 
in  iiroviding  a satisfactory  service. 

On  January  23,  Dr.  B.  G.  Ballard, 
President  of  the  Engineering  Institute 
of  Canada,  accompanied  by  Mrs.  Ballard, 
the  Secretary  of  the  Institute,  G,  T.  Page, 
and  L.  F.  Mason-Tulby,  visited  tbe 
Branch  for  the  President’s  banquet  and 
Ladies’  Night.  Dr.  Ballard  spoke  briefly 
on  the  problems  of  Confederation,  and 
followed  this  by  a most  interesting  talk 
on  the  role  of  the  engineer  today,  his 
responsibilities  to  the  economy  and  to 
the  well-being  of  the  world,  his  com- 
munity and  country. 

Cape  Breton 

Lloyd  Boutilier,  m.e.i.c. 

Correspondent 

C W.  Hodgson,  m.e.i.c.,  an  associate 
in  the  firm  of  Ewbank,  Tupper  and 
Associates,  was  the  guest  speaker  at  the 
Branch’s  meeting  held  January  26.  Mr. 
Hodgson  was  introduced  by  W.  A. 
MacDonald,  Manager,  Seaboard  Power 
Coqroration.  The  title  of  Mr.  Hodgson’s 
talk  was,  “Modern  Thermal  Station  De- 
sign and  Related  Operating  Problems”. 
In  his  talk,  he  dealt  with  the  efficiency 
of  thermal  plants  and  the  factors  affect- 
ing their  layout,  including  a review  of 
the  operational  problems  encountered 
with  large  layouts.  He  also  described 
the  control  equipment  used  in  thermal 
stations,  feed  water  treatment  and  trends 
in  future  design.  He  emphasized  the 
importance  of  controlling  the  starting 
temperature,  so  as  not  to  cause  undue 
stresses.  He  mentioned  the  speed  control 
which  necessitates  the  use  of  intercept 


valves  to  control  the  reheat.  He  said  the 
furnace  explosions  occur  when  usin^j 
either  gas,  old  or  pulverized  coal.  Usu  i 
ally,  these  occur  when  lighting  take;^ 
place,  or,  under  operation  at  light  load; 
in  pulverized  fuel  boilers.  The  uniij 
control  room  takes  over  after  starting:, 
operations  are  carried  out  on  the  floor  j 
Manual  operation  is  required  to  operatfj 
some  of  the  valves,  and  to  perform  otheij 
ta.sks.  Mr.  Hodgson  compared  the  cosb^ 
of  a thermal  plant  with  those  of  a hydre  ; 
plant,  concluding  that  where  hydre  j 
capital  outlay  is  less,  hydro  is  les; 
expensive. 

G.  Naish  thanked  Mr.  Hodgson  or 
behalf  of  the  49  members  present. 

Cornwall  i 

Fred  R.  Warner,  m.e.i.c. 

Correspondent  I 

On  February  15,  the  Branch  held  a 
meeting  at  the  Parkway  Hotel.  Speakers' 
included  George  van  Beek,  chief  engi-' 
neer  at  Courtaulds  (Canada)  Ltd.,  I 
Charles  Adams  Jr.,  assistant  city  engineer,! 
Kenneth  Barnard,  sales  representative  oil 
Carrier  Corporation  and  Edgar  A.  Cro,ss,j 
Vice-President  of  the  Engineering  In.sti-i 
lute  of  Canada.  ' 

Mr.  Cross  reviewed  past  activities  of! 
the  Institute  and  outlined  plans  for  1962.  j 
Mr.  Van  Beek,  recently  returned  from  aj 
business  trip  in  the  European  Common;; 
Market  area  and  South  Africa,  gave  a| 
revealing  picture  of  industrial  develop- 1 
ments  in  these  countries.  He  compared  j 
engineering  methods  used  with  tho.se  in| 
Canada.  He  mentioned  that  while  effi-| 
ciency  is  increasing  in  industry,  costs  arej 
also  mounting.  I 

Impressions  of  a recent  tour  through  * 
Yugoslavia  highlighted  Mr.  Barnard’s! 
address.  He  said  that  many  new  apart- 1 
ment  buildings  are  being  constructed  in^ 
the  cities.  He  commented  that  while  j 
costs  for  necessities  were  relatively  low,  ; 
luxuiy  items  were  much  more  expensive.  | 
Plans  for  the  installation  of  the  m-  ! 
terceptor  sewage  main  which  will  run , 
parallel  to  Water  Street,  Cornwall,  were 
outlined  by  Charles  Adams  Jr.  He  re- 
viewed some  of  the  technical  details  in- 
volved and  mentioned  the  areas  to  be 
served  by  the  main. 

(Continued  on  page  155) 


110 


THE  ENGINEERING  JOURNAL  APRIL,  1962 


MESSAGE 
FROM  THE 
PRESIDENT 


ALLOCUTION 

DU 

PRÉSIDENT 


Nineteen  hundred  and  sixty-two  heralds  the  75th  year 
of  service  of  The  Engineering  Institute  of  Canada.  We 
celebrate  it  with  pride,  and  it  will  serve  to  remind  us  of 
the  dedication  and  loyalty  of  our  many  members  through- 
out the  years,  and  of  the  continuing  loyalty  of  our  present 
membership.  It  will  inspire  us  to  even  greater  effort  and 
to  meet  the  challenge  of  the  future. 

We  have  a .solid  record  of  achievement.  Our  In.stitute  is 
enjoying  a continuing  growth  in  membership,  our  technical 
program  is  improving  each  year,  and  our  Branches  are 
t)ecoming  increasingly  active.  We  are  playing  a greater 
part  in  the  affairs  of  the  nation,  and  our  members  are 
.serving  on  a growing  number  of  national  committees. 
This  year  we  shall  endeavour  to  achieve  a unified  pro- 
fession which  will  be  of  even  greater  benefit  to  Canadian 
engineers  and  to  the  Canadian  public.  We  have  an  Insti- 
tute in  which  we  can  take  pride. 

Nevertheless,  we  have  problems  which  require  immediate 
attention.  We  must  provide  an  increasing  service  for  our 
members,  and  it  is  becoming  more  and  more  important 
that  provision  be  made  for  suitable  representation  from  all 
parts  of  the  country  to  meet  simultaneou.sly.  Studies  to 
achieve  a practical  solution  arc  now  in  progre.ss,  and  there 
are  encouraging  prospects. 

Our  financial  operation  is  not  as  favourable  as  could 
he  (lesirr'd.  We  shall  operate  at  a deficit  in  the  pre.scnt 
year,  and  while  we  .still  luivc  a substantial  reserve,  we 
must  strive  to  balance  our  budget.  Council  has  addrcs.scd 
it.sr'lf  to  lliis  prol)lem.  Kxpen.sc.s  have  been  pared,  and 
action  lues  been  taken  to  increase  rcvciuic. 

I liave  been  greatly  impressed  by  the  effort  that  our 
Councillors.  Officers,  Committee  members  and  IIcad(|uar- 
ters  si. iff  bave  devcited  to  the  Institnti',  and  to  them  wo 
owe  a debt  of  gratitude.  With  their  hcl|),  I have  con- 
fidence that  our  problems  will  lx-  .solved  and  that  our 
service  will  continue  to  improve.  As  I retire  from  tiu? 
high  offic('  with  which  you  have  cntnislrd  mi',  I do  so 
with  der'p  gratitudi'  to  all  tbos('  members  who  b.ivi’  co- 
operateil  so  generously,  and  who  bav('  givmi  me  ever)’ 
supjmrt.  It  has  berm  an  honour  to  .sjuvi'  you. 


n.  c.  iiAi.i.Ann,  iKVN.  M i:,i.r. 

rrrHJriit.  lf)(U-19r>2 


Mil  neuf  cent  soixante-deux  marque  les  75  ans  de 
service  de  l’Institut  canadien  des  ingénieurs.  Nous  célé- 
brerons cet  anniversaire  avec  fierté,  et  il  nous  permettra 
d’évoquer  le  dévouement  et  la  fidélité  des  nombreux 
membres  que  l’Institut  a comptés  au  cours  des  années, 
ainsi  qui  la  fidéhté  de  nos  membres  actuels  qui  continue 
cette  tradition.  Il  nous  engagera  à faire  des  efforts  encore 
plus  grands  et  à faire  front  à toute  situation  future. 

Nous  avons  de  nombreuses  réalisations  à notre  actif. 
Le  nombre  des  membres  de  notre  Institut  augmente  con- 
tinuellement, notre  programme  technique  s’améhore  d’année 
en  année  et  nos  régionales  connaissent  une  activité  crois- 
sante. Nous  jouons  un  rôle  de  plus  en  plus  important 
dans  les  affaires  de  la  nation  et  le  nombre  des  comités 
nationaux  dont  nos  membres  font  partie  est  en  augmen- 
tation. Cette  année,  nous  nous  efforcerons  de  réaliser 
l’unité  de  la  profession,  ce  qui  sera  encore  plus  avantageux 
pour  les  ingénieurs  canadiens,  et  pour  les  Canadiens  en 
général.  Nous  pouvons  être  fiers  de  notre  Institut. 

Nous  nous  trouvons  néanmoins  devant  des  problèmes 
qui  exigent  une  solution  immédiate.  Nous  devons  assurer 
un  service  croissant  à nos  membres,  et  il  est  de  plus  en 
plus  important  de  prendre  des  mesures  pour  réunir  simul- 
tanément un  nombre  convenable  de  représentants  de 
toutes  les  parties  du  pays.  Les  études  que  nous  fai.sons 
pour  trouver  une  solution  pratique  à ce  problème  pro- 
gressent d’une  façon  satisfaisante,  et  les  perspectives  sont 
encourageantes. 

Notre  situation  financière  n’est  pas  au.ssi  favorable  que 
nous  le  .souhaiterions.  Nous  prévoyons  un  déficit  pour 
1962,  et  bien  que  nous  disposions  toujours  d’une  réserve 
importante,  nous  devons  nous  efforcer  d’équilibrer  notre 
budget.  Le  conseil  s’est  attaqué  à ce  problème.  Les 
dépenses  ont  été  réduites,  et  des  me.sures  ont  été  prises 
pour  augmenter  les  recx'ttes. 

J’ai  été  très  iinpn'ssionné  par  les  efforts  accomplis  par 
les  conseillers,  les  directeurs,  les  membres  des  comités  et 
le  persoiuud  du  Centre,  au  service  de  l’Institut  et  nous 
avons  envers  eux  une  vlette  de  reconnaissance.  .\vec  leur 
aide,  j’ai  ixinfiance  (pie  nous  .saurons  trouver  une  solution 
i\  nos  problèmes,  et  ipie  notn'  servict'  continuera  à s’amé- 
liorer. bai  (piittant  I.»  haute  fonction  cpie  vous  m’aviez 
confiée,  j’evpriiiK'  ma  jirofonde  gratitude  i\  tous  les 
UK'mbres  ipii  ont  si  générT'us<’ment  ctiII.d>oré  et  qui  m’ont 
accordé  tout  leur  appui.  Je  considère  comme  un  luumeur 
d’avoir  pu  vous  .servir. 


U r.  UMI Min.  metulire  honoraire  1 1 i 
rno  hnf  -'.  ur  L>r;/  /962 


ir  /‘.’ngiiiccring  Jotinutl — April,  2962 


annual 

report 


for  the  year 
ended  December  31 
1961 


THE 

ENGINEERING 
INSTITUTE 
OF  CANADA 


REPORT  OF  COUNCIL 


YOUR  INSTITUTE  IN  1961 

Nineteen  hundred  and  sixty-one  was  another  year  of 
continued  great  accomplishment  for  the  Engineering 
Institute  of  Canada.  Noteworthy  were  the  Regional 
Technical  Conferences,  the  Technical  Program  of  the 
Annual  Meeting,  the  expansion  of  the  Committee  on 
Technical  Operations,  and  the  improved  publications 
services.  Unfortunately  all  Branches  have  not  yet 
taken  advantage  of  all  opportunities  for  improvement 
of  their  technical  programs.  This  rapid  growth  naturally 
is  accompanied  by  problems,  notably  in  the  areas  of 
member  communications  and  in  finances. 

Major  targets  for  continuing  concentrated  effort 
during  the  year  were:  the  highest  possible  quality  of 
technical  programs;  the  improvement  of  branch  opera- 
tions; growth  of  the  membership.  Literally  hundreds 
of  members  are  involved  directly  in  the  work  of  the 
Committee  on  Technical  Operations  and  the  Committee 
on  Branch  Operations.  Every  member  should  consider 
himself  an  active  worker  on  the  Committee  on  Member- 
ship. 


ACTIVITIES  OF  THE  PRESIDENT 
AND  THE  VICE-PRESIDENTS 

Retiring  President  Dr.  Ceorge  McK.  Dick  and  in- 
coming President  Dr.  B.  G.  Ballard  visited  almost 
every  Branch  and  Section.  They  also  represented  the 
Institute  at  many  important  meetings  of  sister  societies. 

In  line  with  the  new  policy  of  assigning  greater 
responsibilities  to  Vice-Presidents,  and  increasing  the 
number  of  Vice-Presidents  in  1961,  all  eight  Vice- 
Presidents  visited  the  Branches  in  their  areas.  These 
visits  were  separate  from  the  Presidential  visits  and 
contributed  greatly  to  improved  communications  on  a 
two-way  basis. 


ADMINISTRATION 

The  Executive  Committee  assumed  more  of  the  ad- 
ministrative duties,  thus  alloMÔng  the  Council  to  con- 
centrate on  policy  to  an  increased  extent. 

The  By-Laws  were  amended  to  bring  them  into  line 
with  today’s  needs.  The  new  membership  class  of 
Fellow  was  created,  and  the  designation  of  Junior 
Member  was  changed  to  Associate  Member. 

Tied  in  with  each  regional  technical  conference  was 
a regional  conference  of  branch  officers.  This  new 
activity  permits  more  adequate  discussion  of  details 
between  Branch  Officers  and  Headquarters  staff. 


The  committees  and  representatives  appointed  by  ’ 
Council  made  important  contributions  to  the  efficiency  ; 
of  the  Institute’s  operations.  Not  only  did  they  study  ; 
proposals  which  were  referred  to  them  by  Council,  Î 
but  each  kept  in  touch  with  situations  and  attitudes  i 
within  its  terms  of  reference  and,  when  necessary, 
recommended  action.  j 

Detailed  reports  of  these  committees  and  représenta-  i 
tives  follow.  They  are  the  detailed  story  of  y'our  I 
Institute’s  progress. 

The  Headquarters  staff  was  consolidated,  with  par-^1 
ticular  attention  being  paid  to  the  expansion  and  re- 
organization of  the  advertising  sales  staff.  This  included  ^ 
the  appointment  of  sales  representatives  in  the  United  : 
States,  the  United  Kingdom,  and  continental  Europe,  j 
It  is  expected  that  considerable  additional  advertising 
revenue  will  be  forthcoming  from  these  areas.  j 

! 

I 

ANNUAL  AND  REGIONAL  MEETINGS! 

The  Annual  General  and  Professional  Meeting  held  i 
in  1961  at  Vancouver  was  an  unqualified  success.  A | 
enthusiastic  local  committee  was  responsible  for  the  j 
high  attendance.  The  technical  program,  arranged  by  j 
the  Committee  on  Technical  Operations,  was  one  of  ' 
the  best  in  the  history  of  the  Institute.  ; 

Following  is  the  schedule  of  future  Annual  Meet-  ; 

ings.  I 

1962  Montreal  June  12-June  15  Queen  Elizabeth! 

1963  Quebec  May  22-May  24  Chateau  Frontenac  ■ 

1964  Banff  May  27-May  29  Banff  Springs  ! 

1965  Toronto  May  26-May  28  Royal  York  ; 

1966  Winnipeg  May  25-May  27  Royal  Alexandra  ' 

1967  Montreal  May  31-June  2 Queen  Elizabeth  ; 

1968  Halifax  ' 

Regional  meetings  held  during  the  year  were:  Third! 

Southern  Ontario  Regional  Technical  Conference,  j 
Niagara  Falls;  Northern  Ontario  Regional  Technicab 
Conference,  North  Bay;  Eastern  Quebec  Regional  Tech-  j 
nical  Conference,  Quebec  City.  Joint  meetings  included:  ; 
ASME-Eic  Hydraulic  Conference,  Montreal;  Production 
Engineering  Conference,  Toronto;  International  Heat, 
Transfer  Conference,  Boulder,  Colo.;  Canadian  Soil 
Mechanics  Conference,  Montreal.  * 

These  well-attended  meetings  broaden  the  technical  jl 
activities  of  the  Institute  by  making  it  possible  for|| 
larger  numbers  of  members  to  attend  a major  meeting 
each  year. 


INTERNATIONAL  CO-OPERATION  j 

Close  work  again  was  done  with  the  Canadian  j 
Aeronautical  Institute,  the  Canadian  Institute  of  Min-  ' 

I 
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ig  and  Metallurgy,  the  Chemical  Institute  of  Canada, 
'his  co-operation  included  important  govemment- 
ponsored  and  inter-society  projects. 

Regular  and  extremely  cordial  relations  were  main- 
lined with  the  Institutions  in  the  United  Kingdom, 
ther  Commonwealth  Societies,  the  founder  Societies  in 
le  United  States,  the  representative  national  organiza- 
ons  in  Europe,  the  Far  East  and  Latin  America, 
’hese  contacts  were  in  addition  to  the  formal  meet- 
igs  between  representatives  of  the  member  societies 
f such  international  organizations  as  UPADI  and 
le  Conference  of  Engineering  Societies  of  the  British 
bmmonwealth. 

These  frequent  exchanges  of  information  and  as- 
stance  have  proved  invaluable  to  the  Canadian  en- 
ineering  profession. 

The  co-operative  agreements  between  the  Engineer- 
ig  Institute  of  Canada  and  the  Institution  of  Civil 
ngineers,  the  Institution  of  Electrical  Engineers  and 
le  Institution  of  Mechanical  Engineers  of  Great 
ritain  provide  members  of  any  one  of  the  participat- 
ig  bodies  with  the  opportunity  for  participating  in 
le  technical  activities  while  in  the  country  of  the 
ost  body,  on  payment  of  a nominal  fee. 

On  the  invitation  of  your  Institute,  the  Conference 
F Engineering  Institutions  of  the  British  Common- 
ealth  will  be  held  in  Canada  in  September,  1962. 
Ians  are  being  developed  to  make  an  outstanding  suc- 
■•ss  of  this  important  conference. 

lONFEDERATION 


the  c.c.p.E.  Executive  Committee  for  this  purpose.  The 
joint  meeting  was  held  in  Montreal  on  December  15 
and  at  the  close  of  the  year  the  matters  under  review 
were  still  under  consideration. 

ENGINEERING  EDUCATION 

The  second  national  meeting  of  the  Canadian  Con- 
ference on  Education  was  held  in  Montreal  in  Febru- 
ary, 1962.  The  Institute  was  engaged  actively  in  this 
significant  activity. 

More  than  seventy  deans  and  professors  of  engineer- 
ing from  every  faculty  of  engineering  in  Canada  at- 
tended the  1961  E.i.c.  Conference  on  Engineering 
Education.  This  two-day  meeting  was  held  in  Mont- 
real in  June,  during  the  Conferences  of  Learned 
Societies. 

The  Institute  maintained  its  close  and  effective  rela- 
tionship with  universities,  appropriate  agencies  of  the 
federal  governments,  and  the  Canadian  Education 
Association. 

GOVERNMENT  LIAISON 

The  E.I.C.  maintained  its  close  relationship  with  the 
Federal  Government.  This  involved  working  co- 
operatively with  many  agencies  and  departments  on 
a day-to-day  basis  in  the  interests  of  Canadian  engi- 
eering.  These  would  be  referred  to  the  Institute  either 
directly  or  by  virtue  of  the  Institute’s  membership  on 
committees  and  boards  established  by  the  government. 


Tlie  Engineers  Confederation  Commission  presented 
s final  report  to  the  C.C.P.E.  and  E.I.C.  at  their 
inual  meetings  in  the  summer  of  1961.  The  E.I.C. 
oiincil  requested  the  Executive  Committee  to  study 
id  recommend  regarding  the  report,  and  to  consult 
ith  C.C.P.E. 

The  Executive  Committee  appointed  two  sub-com- 
littees  to  study  the  report,  including  a review  of  its 
nancial  implications.  After  a joint  meeting  with  the 
.(.'.I’.E.  Executive  Committee  in  July,  the  e.i.c.  pub- 
slu  d the  report  in  full  in  the  September  issue  of  the 
nginecring  Journal. 

The  President  asked  every  Councillor,  Branch  and 
idividual  member  to  read  the  report  and  to  send 
ini  fheir  option.  Many  comments  were  received,  and 
leh  of  these  was  carefully  reviewed  and  considered 
the  Executive  Committee. 

It  became  apparent  to  the  Executive  Committee 
id  Council  that  there  were  certain  aspects  of  the 
■|)ort  which  required  further  discussion  and  clarifica- 
oii  with  c.c.p.E.  Council  agreed  with  this  view  and 
ithnrized  the  Executive  Committee  to  meet  with 


HONOURS,  AWARDS,  MEDALS 
AND  PRIZES 

Awards  presented  during  1961  were; 


Honorary  Memberhips 
Robert  John  Beaumont 
Albert  Edward  Berry 
Robert  MacDonald  Hardy 
Hubert  Ryenson  Sills 
Kenneth  Franklin  Tupper 

Leonard  Medal 
John  A.  Hall 
Duggan  Medal  and  Prize 
Stanlev  Dale  Lash 
Brian  B.  Hope 

Robert  W.  Angus  Medal 
John  Beinister  Bncc 
Sir  John  Kennedy  Medal 
Hilbert  lUerson  Sills 


Julian  C.  Smith  Medal 
Arthur  Duperon 

Gzowski  Medal 
Carson  Howard  Temple- 
ton 

R.  R.  Ross  Medal 
Lindsav  Mansur  Hovev 

Plummer  Medal 
Robert  Nonuan  Boyd 
\ladimir  Joseph  Bakan- 
owski 

John  B.  Galbraith  Prize 
Roger  Hugh  Wilkins 


EMPLOYMENT  SERVICE 
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LIBRARY  SERVICE 

Increased  use  made  of  the  library  by  members  from 
all  parts  of  Canada  as  is  shown  in  the  statistics  which 
follow. 

Part  of  this  increase  is  attributed  to  the  publication 
each  month  of  a list  of  the  additions  made  to  the 
library’s  collection.  In  addition  to  the  Library  Notes 
in  the  Engineering  Journal  the  distribution  began 
early  last  year  of  a mimeographed  list.  By  the  end 
of  the  year  this  list  was  being  mailed  regularly  to 
560  members,  with  new  names  being  added  daily. 


Library  Statistics  1961 


1960 

1961 

Increase 

Borrowers  registered 

625 

923 

47% 

Requests 

Letter 

1817 

933 

Telephone 

2887 

3419 

In  Person 

2656 

3890 

Total 

7360 

8242 

12% 

Circulation 

Books 

2557 

3034 

Periodicals 

1122 

1285 

Pamphlets 

186 

208 

Total 

3865 

4527 

17% 

Loans  to  other  libraries 

561 

814 

45% 

Loans  from  other  libraries.  . . . 

63 

99 

55% 

Parcels  sent  to  out-of-town 

members 

473 

679 

45% 

Bibliographies  compiled 

23 

42 

82% 

Books  added  to  collection 

Donation 

400 

532 

Bought 

54 

82 

Total 

454 

614 

35% 

Total  Value  of  Books  Received 

$4307 

$5430 

26% 

MEMBERSHIP 

STATISTICS 

I960 

1961 

Hon.  M.E.I.C 

41 

45 

Life  Members 

703 

749 

M.E.I.C 

8194 

12117 

A.M.E.I.C 

5575 

4349 

S.E.I.C 

6966 

5279 

Affiliates 

57 

62 

Total 

21,536 

22,601 

PROFESSIONAL  DEVELOPMENT 

The  Institute  was  represented  at  the  Annual  Meet- 
ing of  the  Engineers  Council  for  Professional  Develop- 
ment as  well  as  at  the  meetings  of  the  Executive  Com- 
mittee and  the  Council.  A fmrther  outline  of  the  In- 
stitute’s participation  appears  later  in  this  Annual 
Report.  An  increasing  interest  in  local  Professional 
Development  courses  was  shown  at  Branch  level  in 
many  parts  of  Canada.  This  is  co-ordinated  by  the 
Institute’s  national  Committee  on  Professional  De- 
velopment Programs. 


PUBLICATIONS 

An  extremely  busy  year  for  the  Publications  Com- 
mittee was  created  by  expanded  and  more-detailed 
terms  of  reference. 

Its  major  effort  was  to  ensure  that  the  characteristics 
of  the  Institute’s  publications  fulfull  the  needs  of  the 
members  and  meet  the  objectives  of  the  Institute. 

Much  work  and  study  was  directed  towards  “Trans- 
actions of  the  E.i.c.”  Serious  investigations  were  under- 
taken to  determine  the  advisability  and  feasibility  of 


expanding  the  value  of  Transactions  while  making  it  ‘ 
more  financially  attractive  from  the  administrative 
point  of  view.  “Transactions”  is  now  an  accepted 
medium  in  which  Canadian  engineers  publish  the 
results  of  their  research. 

As  the  result  of  enthusiastic  demand  from  recipients 
of  previous  issues  the  fifth  edition  of  “Engineering 
Careers  in  Canada”  was  distributed  in  December  on  | 
a self-supporting  basis.  j 


TECHNICAL  OPERATIONS 

National — The  Committee  on  Technical  Operations 
and  its  Technical  Division  Committees  now  involve  ; 
the  active  participation  of  more  than  250  members  ! 
representing  every  Branch  of  the  Institute.  I 

It  is  C.T.O.  which  provides  the  technical  backbone  | 
of  the  Annual  Ceneral  Meeting,  of  Regional  Technical  1 
Conferences,  of  the  Journal  and  Transaetions. 

In  addition,  based  on  C.T.O.  recommendations,  the 
technical  activities  of  the  Institute  are  extended  by  its  j 
special  representatives  to  special  projects  of  many  ! 
other  technical  societies,  government  ageneies  and  edu- 
cational activities. 

To  absorb  the  full  story  of  the  work  of  C.T.O.,  one  jl 
must  read  every  report  which  follows. 

International — The  Institute  actively  participates  in 
the  activities  of  international  technical  organizations.  ; 
Included  in  these  international  activities  are  participa-  j 
tion  in  the  work  of  the  ASME  Committee  on  Air  I 
Pollution  Controls,  the  Column  Research  Council, 
the  International  Association  for  Bridge  & Struc- 
tural Engineering,  the  International  Federation  of 
Chemical  Engineers,  the  International  Electrotechnical  j 
Commission,  the  Society  of  Technical  Writers  and  Pub- 
lishers, and  the  Inter-Society  Management  Engineering 
Conference.  ! 


VOCATIONAL  INFORMATION 

Many  Branches  performed  their  excellent  work  in  j 
this  field,  consisting  mainly  of  speaking  visits  to  Junior  1 
colleges  and  secondary  schools,  and  assistance  to  their  : 
staffs.  ! 

Headquarters  handled  many  inquiries  which  usually 
were  in  the  form  of  requests  for  literature.  Some  inter-  | 
views  were  held.  Many  sample  copies  of  the  Engi-  ; 
neering  Journal  were  distributed.  * 

The  Institute  co-operated  with  other  national  pro-  j 
fessional  and  technical  bodies  in  sponsoring  the  Cana-  i 
dian  Science  Fairs.  This  co-ordinates  the  holding  of  | 
science  fairs  in  many  parts  of  Canada.  j 


WIVES  ORGANIZATIONS 

The  Institute  is  interested  and  assists  engineers’ 
wives  associations,  even  though  they  are  not  an  official  j 
activity  of  the  E.I.C.  The  purpose  of  all  groups  is  to  | 
welcome  newcomers  to  their  centres  and  to  promote  j; 
cordiality  and  friendship  among  the  wives  of  the 
members  of  the  Institute,  and  in  many  cases,  among  • 
the  wives  of  all  members  of  the  profession.  | 

Respectfully  submitted  on  behalf  of  the  Council.  j 

B.  G.  BALLARD,  HON.  M.E.I.C.  1 ' 

President  j 

GARNET  T.  PAGE,  M.E.I.C.  :! 

General  Secretary 
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REPORT  OF  OFFICIAL  AUDITORS 


Statement  of  Revenue  and  Expenditure 

Year  ended  December  31,  1961 


REVENUE 


[EMBERSHIP  FEES $189,525 

UBLICATION8 384,847 

ICOME  FROM  INVESTMENTS 12,108 

ISCELLANEOUS 6,604 

TOTAL  REVENUE 593,084 

EFICTT  FOR  THE  YEAR 68,924 


$6C.2,m)S 


EXPENDITURE 


ADMINISTRATIVE  EXPENSES.' 

Staff  salaries  and  benefits $149,584 

Travelling — secretariat 9,898 

Other,  less  recoveries,  $1,362 44,418 


Deduct  allocation  of  expenses  to  ’ 

Publication  expenses 51,706  $152,194 


DIRECT  SERVICE  EXPENSES: 

Annual  and  regional  meetings 6,720 

Branch  rebates,  stationery  and 

achievement  awards 35,305 

Committees 1,490 

Institute  medals  and  prizes 640 

Employment  service 6, 1 68 

Engineering  education 1,254 

International  activities 1,743 

Library 19,427 

Memberships 3,176 

Official  reception  and  hospitality.  . 1,116 

Professional  development 2,485 

Student  affairs 7,283 

Travel  and  meeting  expenses 8,377 

95,184 

Deduct  allocation  of  expenses  (em- 
ployment service  and  library)  to 

Publication  expenses 2,592  92,592 


PUBLIC.ATION  E.XPENSES: 

Staff  salaries  and  benefits 43,542 

Commissions 17,528 

Printing  and  mailing 222,070 

Other 56,670 

339,810 

Aihl: 

Administrative  expense  allocation  51,706 

Direct  service  expense  allocation  2,592  394,108 


BUILDINU  AND  RENTAL  EXPEN.SES.  . . . 13,571 

EXTRAORDINARY  EXPENSES: 

tlonfcilcration 3,075 

Consulbints’  fees — liata  processing  929 

Lo.ss  on  .sale  of  investments 5,539  9,543 


$662,00,'^ 


.Minri’oibs’  uKPoiir 

Wi'  have  examined  the  balance  sheet  of  The  h'.ngineering  Institute  of  Canada  a.s  of  Decemlier  31,  1961  ami  the  .statement  of 
■venue  and  expenditure  for  tlu'  year  ended  on  that  date  and  have  obtaimsl  all  the  information  and  explanations  \vi'  haw  re<iU)re«l. 
nr  examination  included  a gc'ueral  review  of  the  accounting  procedures  and  such  tests  of  acnninting  records  and  other  iUi]ii's>rting 
.'iilenco  as  we  considered  m'ce.ssary  in  the  circumstances. 

In  our  opinion,  and  according  to  the  Ix'st  of  our  information  and  the  explanations  given  to  us  and  .a.-  shown  by  the  l>,'Fok« 
the  institute,  the  aeeompanying  balanei'  sheet  and  statement  of  revenue  and  ex|s'nditure  an'  jimiicrlv  drawn  up  •:x>  .as  to.  exhihil 
true  and  correct  view  of  the  stale  of  the  affairs  of  the  In.stilute  at  December  31,  1961  and  the  n'sult.s  of  its  o|v’ration:’  ‘ the 
ar  ended  on  that  date,  in  accordance  with  generally  aecepti'd  accounting  principh's  apj>li<'<l  on  a b.a«i.-  consistent  with  Ih.at  o(  thr 
leceding  year. 

ri  AT.  MAHWICK.  Min'lll-M  A CD. 


loNTiiEAi,,  I’.Q.,  March  I,  1962. 
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TREASURER'S  REPORT 


Balance  Sheet 


December  31,  1961 


ASSETS 

LIABILITIES 

CURRENT  assets: 

CURRENT  liabilities: 

Cash 

$ 971 

Bank  overdraft — secured 

$ 27,452 

Accounts  receivable,  less  allowance 

Accounts  payable  and  accrued 

for  doubtful  accounts 

33,608 

charges 

67,881 

Arrears  of  membership  fees. 

Fees  paid  in  advance 

3,561 

estimated 

6,500 

98,891 

Sundry  advances  and  deposits .... 

1,440 

Miscellaneous  supplies  and  prepaid 

expenses 

13,351 

OTHER  LI.ABILITIES: 

55|870 

Life  members’  voluntary  contri- 

INVESTMENTS,  AT  COST: 

butions 

$ 7,340 

Securities  (market  value  $216,079) 

$219,447 

Other  unexpended  contributions 

Less  held  for  special  funds 

38,338 

181,109 

for  special  purposes 

8,869 

16,20S 

FIXED  ASSETS,  AT  COST  LESS 

AMOUNTS  WRITTEN  OFF: 

reserves: 

Land  and  building 

36,000 

Building 

184,000 

Furniture  and  equipment 

24,450 

Building  maintenance 

1,500 

Library 

1 

60,451 

Contingencies 

4,500 

Publications 

27,232 

217,232 

ASSETS  OF  SPECIAL  FUNDS'. 

Equity  in  investments  shown  above 

38,338 

SPECIAL  funds: 

TOTAL  ASSETS 

335,768 

Memorial  and  prize  funds 

5,498 

deficit: 

Other  trust  funds 

32,840 

38,338 

Surplus  at  beginning  of  year 

5,221 

Add: 

Transfer  from  reserve  for  con- 

$370,673 

tingencies 

25,000 

Library  deposits  written  off ...  . 

3,798 

34,019 

Deduct  deficit  for  the  year 

68,924 

Deficit  at  end  of  year 

34,905 

$370,673 

TREASURER’S  REPORT  i 

The  operations  of  the  Institute  for  1961  resulted  in  a deficit  of  $68,924,  which  was  due  mainly  to  insufficient  revenue  to  carry  I 
on  membership  operations,  as  the  publications  program  is  generally  self-supporting.  i 

Deficits  for  the  years  1958  to  1960  totalling  $93,555  had  depleted  the  working  capital  to  such  an  extent  that  it  was  necessary  j 
during  1961  to  liquidate  a portion  of  the  Institute’s  investments.  $93,299  was  provided  in  this  manner  and  the  working  capital  was 
temporarily  restored.  However,  the  deficit  for  1961  has  again  depleted  the  working  capital,  and  it  will  again  be  necessary  to  liquidate 
investments  unless  membership  fee  revenue  is  increased.  It  is  proposed  to  recommend  to  the  membership  a general  increase  in  fees. 
In  the  meantime  the  deficit  is  financed  by  an  overdraft  at  the  bank,  secured  by  investments  owned  by  the  Institute. 

The  Balance  Sheet  as  at  December  31,  1961,  the  Statement  of  Revenue  and  Expenditure  for  the  year  1961  and  the  Auditor’s  j 

Report  are  submitted  herewith. 

E.  B.  JUBIEN,  M.I.E.C.  j 

Treasurer,  j! 
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REPORTS  OF  THE  COMMITTEES 

STANDING  COMMITTEES 

ADMISSIONS  COMMITTEE 


il. 

Î 


I 


I 


! 


Statistical  Review 


During  1961,  the  Admissions  Committee  held  seven  regular  meetings. 

In  all,  the  applications  of  860  candidates  were  considered,  including  58  Special  Cases. 
Admitted  for  Corporate  Membership  228 

Admitted  for  Affiliate  8 

‘Transferred  from  .Junior  to  Member  573 

Transferred  from  Student  to  Member  2 

‘Transferred  from  Student  to  Associate  Member  18 

Transferred  from  Associate  Member  to  Affiliate  1 

Transferred  from  Student  to  Affiliate  1 

Special  Cases 

Referred  to  Board  of  Examiners  11 

Rejecter!  14 

Held  for  further  investigation  33 

“Student  Admissions  1578  2409 


“Admissions  and  Transfers 
through  Provincial  Associations 

Admitted  for  Corporate  Membership 
‘Transferred  from  Junior  to  Member 
‘Transferred  from  Student  to  Associate  Member 
Student  Admissions 


94 

119 

30 

9 


252 

2,661 


• Automatic  transfers  are  not  included  in  these  figures. 

• These  figures  are  included  for  the  sake  of  completeness,  although  these  categories  are  not  reviewed  by  the  .Admissions  Committee. 


The  reason  for  the  decrease  in  transfers  as  shown  in  this  report,  is  due  to  the  recent  amendments  to  the  By-laws,  whereby 
Itudents  are  transferred  to  the  grade  of  Associate  Member  in  the  first  January  after  graduation — As.sociate  Members  are  transferred 

0 Members  in  the  fifth  year  after  graduation.  (These  transfers  are  automatic). 

!.  Procedures 

(a)  The  procedures  of  the  Admissions  Committee  were  clarified,  brought  up  to  date,  and  submitted  to  Council  for  approval. 

(b)  The  application  form  in  the  French  language  was  put  into  use  in  1961. 

(c)  Recommendations  were  made  to  Council,  on  request,  concerning  the  following  items:  1.  .\dmissions  of  Members  of  the 
Iritish  Institutions.  2.  Accreditation  of  Canadian  Engineering  Courses.  3.  Acceptability  of  Engineering  Physics  Graduates.  4. 
'l.C.P.D.  Listing  of  Canadian  Courses. 

fOMMITTKE  members: 

' Chairman:  P.  W.  Gooch,  Montreal  Members:  .1.  H.  Budden,  Montreal 

! Vice-Chairman:  W.  Bruce,  Montreal  W.  H.  Gauvin,  Montreal 

1 H.  J.  Harvey,  Montreal 

I 

j PETER  GOOCH.  M.E.I.C. 

, Chairmajt 


COMMITTEE  ON  BRANCH  OPERATIONS 

! 'I'lie  Committee  on  Branch  Operations  completed  its  anal3'sis  of  the  returns  to  the  questionnaire  which 
iia<l  been  sent  to  the  Branches  late  in  1960,  and  its  comj)rehensive  report  was  submitted  to  Council  at  its 
Meeting  of  April  22nd,  H)6I.  'I'he  report,  which  submitted  18  recommendations,  was  made  available  to  all 
jlninelies  of  the  Institute  shortly  thereafter. 

'I'he  Committci^  has  been  active  throughout  tlie  .year,  it  having  met  in  \'nneouver  at  the  time  of  the 
,1161  AGM  on  May  3()|.h,  when  the  meetitig  was  a joint  one  with  Branch  Officers.  It  met  again  in  Toronto  on 
November  21th. 

! 'I’he  Hulieommiltee  on  Branch  Bj'-I.aws  has  been  active  and  has  almost  completi-d  work  on  the  model 
Iranch  By-Laws,  as  well  as  studying  suggestc'd  changes  by  several  Branches. 

During  th(‘  .year  a substantial  milestone  was  marked  bj'  the  distribution  of  a numl>er  of  Manuals  on 
Iraneh  Operations  prepared  1))'  Ileachpiarters. 

Th('  ('ommiltee  a.ssisted  the  (lommiltee  on  Branch  .\chievement  .\wards  bv  studying  and  .suiimitting  recommendations  to  tlial 
'oinmittee  on  suitaiile  criteria  to  lie  adopted  for  the  (horge  McKinstry  Dick  Branch  .Achievement  .Awards. 

; Then'  is  increasing  evidence'  this  Committee,  as  constituted  in  1960,  is  abh'  to  contribute  matiTially  to  those  aclivitn-s  •;  l IC 
In  whirh  Ihe  Branches  are  not  vitally  concerned. 

,'i  >M  Ml  ri'EK,  M EM  llER.s; 

I V irr-Chnirman:  .1  It.  Hettic,  Winnipeg 

j Srrrrtnrj/:  M.  Boi.ssonneauit , Montreal 

Mniihrrs:  F.  M.  Ca/ah't,  X'ancouver 
Eilgar  .A.  Cross,  Toronto 
George  De.sjardins,  Moniri'al 


linger  Di'sjardins,  Montreal 
.1,  It.  r’a.san,  .Arvnla 
It.  11.  Sti'venson,  Hamilton 
C.  !..  riiomjvson.  Ton'iili' 
Ct.  I''  Vail.  Ilalifa't 


Vhr 
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('K.i'.’ 
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FINANCE  COMIVIITTEE 


During  the  year  your  Finance  Committee  met  eleven  times.  At  each  meeting  the  monthly  reports  prepared 
by  the  Controller  have  been  critically  analyzed  and  the  financial  aspects  of  the  operation  of  the  Institute  have 
been  studied  in  the  light  of  its  revenue.  The  accounting  system,  which  is  now  on  an  accrual  basis,  permits  a 
more  realistic  evaluation  on  a continuing  and  comparative  basis  of  its  financial  position. 

These  monthly  reports  include  detailed  and  separate  statements  of  revenues  and  expenditures  in  the 
fields  of  membership  and  publications.  It  is  obvious  from  these  statements  that  the  deficit  arising  from  an 
excess  of  expenditures  over  the  revenues  from  membership  fees  account  for  the  large  share  of  the  overall  deficit 
incurred  during  1961.  The  service  performed  for  its  members  have  been  reviewed  individually  and  critically. 

Some  reduction  in  expenditure  was  affected  while  the  quality  of  the  services  was  not  lowered.  However,  even 
if  it  were  possible  to  reduce  such  expenditures  by  a fair  percentage,  it  would  still  be  necessary  to  increase  the 
revenues  from  membership  fees  to  avoid  a recurring  deficit.  The  net  increase  in  revenue  accruing  from  the 
normal  increase  in  membership  is  not  adequate  to  meet  the  current  or  projected  costs  of  services  to  the  membership.  Your  financ 
committee,  therefore,  saw  fit  to  present  a motion  to  Council  to  promote  a general  increase  in  fees.  Council  approved  this  unanimousl 
and  a notice  of  change  of  by-laws  will  be  presented  at  the  Annual  Meeting  for  approval  and  subsequent  ballot  of  the  membership. 

Although  the  revenues  from  the  publications  of  the  Journal  paid  for  the  printing  and  distribution  of  Transactions  and  othe 
technical  data,  they  did  not  show  a surplus  beyond  the  recovery  of  overhead  allocated  to  its  operation.  The  general  business  climat) 
forecast  for  1962  permits  your  Committee  to  expect  again  a balanced  operation  in  this  area  with  perhaps  a surplus  of  revenues  ovei 
expenditures.  ! 

Some  of  our  securities  had  to  be  sold  to  meet  our  cash  requirements  reducing  thereby  the  assets  of  the  Institute.  It  was  fel) 
necessary  to  draw  on  the  reserves  which  had  been  built  up  for  this  purpose  during  the  years  when  oim  publication  activities  permittej 
it.  It  appears  likely  that  these  procedures  will  need  to  be  repeated  in  1962  as  the  increase  in  membership  fees,  if  voted  for,  will  ncj 
be  effective  until  1963.  i 


COMMITTEE  MEMBERS'- 

Chairman:  G.  N.  Martin,  Montreal 
Treasurer  and 

Vice-Chairman:  E.  B.  Jubien,  Montreal 
Members:  J.  M.  Breen,  Montreal 
J.  H.  Budden,  Montreal 
T.  W.  Eadie,  Montreal 


A.  W.  Howard,  Montreal 

F.  L.  Lawton,  Montreal 

G.  R.  Rinfret,  Montreal 
Leo  Roy,  Montreal 

E.  R.  Smallhorn,  Montreal 
W.  I.  M.  Turner,  Montreal 


G.  N.  MARTIN,  M.E.I.( 

Chairrm 


LEGISLATION  COMMITTEE 


No  meetings  of  the  Legislation  Committee  were  held  in  1961  and  no  matters  have  been  referred  to  the  committee.  It  is  hope' 
that  a meeting  of  the  committee  can  be  held  during  the  opening  day  of  the  Annual  Meeting  in  Montreal  and  as  a result  of  th 
meeting  a report  forwarded  Council  for  consideration. 


COMMITTEE  MEMBERS; 

Chairman:  W.  B.  Pennock,  Victoria 
P.  N.  Bland,  Vancouver 
D.  Cramer,  Lethbridge 


S.  Barkwell,  Winnipeg 
W.  R.  Meredith,  Ottawa 


W.  B.  PENNOCK,  M.E.I.C 

Chairrm. 


LIBRARY  AND  HOUSE  COMMITTEE 


Library 

Council,  meeting  in  Vancouver  last  May,  gave  approval  in  principle  to  the  recommendations  of  last 
year’s  Committee  to  have  E.I.C.  members  use  the  N.R.C.  Library  service  and  to  discontinue  the  E.I.C. 

Library.  The  principal  task  of  this  year’s  Committee  was  the  development  of  detailed  proposals  for  imple- 
menting this  decision.  These  were  contained  in  a Second  Report  which  was  presented  to  Council  in  October. 

Discussion  at  this  meeting  revealed  considerable  controversy  over  the  basic  proposal.  At  the  following  meeting 
in  February,  the  earlier  basic  policy  decision  was  reversed  and  the  E.I.C.  Library  will  therefore  continue  in 
operation.  Discussion  of  this  issue  has  stimulated  interest  in  the  Library  and  has  increased  circulation. 

The  Committee  also  made  a study,  at  the  request  of  Council,  on  ways  of  operating  the  Library  at  reduced 
cost.  This  study  revealed  no  significant  avenues  for  increasing  Library  revenue,  or  for  reducing  operating 
cost  without  reducing  service. 

The  major  problems  which  confronted  the  Library  a year  ago  remain  unsolved.  These  comprise  a two  year  backlog  in  cataloguinj ) 
book  acquisitions,  lack  of  adequate  space  for  reading  room  and  bookshelves,  and  lack  of  capacity  to  cover  in  depth  the  multifol(| 
areas  of  knowledge  of  interest  to  today’s  engineers.  The  development  of  suitable  solutions  without  a major  increase  in  the  Librarjj 
budget  is  a formidable  task  and  will  require  careful  study. 


House 

Headquarters  staff  are  housed  in  the  headquarters  building  on  Mansfield  Street  and  in  a converted  apartment  nearby.  Growth 
in  recent  years  has  led  to  serious  overcrowding  and  consequent  inefficiency.  Several  studies  were  made  during  the  year  of  ways  o 
improving  the  situation.  The  most  satisfactory  solutions  appear  to  entail  either  the  rental  of  additional  space  or  the  conversion  of  th( 
auditorium  to  office  use.  No  decision  has  yet  been  reached  on  this  matter. 


mil 
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Major  repairs  are  required  to  the  mitoyen  wall  on  the  north  side  of  the  headquarters  building.  The  financial  liability  for  these 
epairs  was  discussed  with  the  co-proprietor.  Following  failure  to  agree  it  was  decided  to  appoint  an  arbitrator  whose  report  is  now 
waited. 

OMMITTEE  members: 

Chairman:  R.  N.  Boyd,  Montreal  Members 

; Corresponding  Members: 

I R.  W.  Underhill,  Calgary 

j C.  R.  EUiott,  St.  John’s,  Nfld. 

' E.  N.  BOYD,  M.E.I.C. 

Chairman 


J.  Benoit,  Montreal 
O.  R.  Brummell,  Montreal 
L.  J.  Hammerschmidt,  Montreal 
W.  C.  M.  Luscombe,  Montreal 


COMMITTEE  ON  MEMBERSHIP 


The  most  important  event  of  the  year  in  membership  activity  was  the  amendment  to  the  By-Laws  on 
eptember  1st,  affecting  the  automatic  transfer  of  both  Students  and  Associate  Members  (formerly  Juniors) 
p higher  grade.  This  created  an  unusually  heavy  amount  of  work  in  the  Fall  and  early  Winter  in  notifying 
111  concerned  by  letter,  arranging  and  forwarding  the  revised  billing,  in  co-operation  wherever  applicable 
"ith  the  Provincial  Associations.  About  2000  Students  and  2600  Associate  Members  were  involved. 

The  national  Committee  on  Membership  continued  its  work  during  the  year,  inquiring  into  and  recom- 
lending  action  to  Council  on  different  ways  and  means  of  promoting  interest  in  membership,  and  improving 
IS  administration.  Contact  with  the  Branches  was  maintained  through  a series  of  circular  letters  on  member- 
iiip  topics,  issued  through  Headquarters  about  once  a month.  This  wUl  be  continued. 

' Further  steps  were  taken  to  make  the  administration  of  membership  affairs  bi-lingual.  Literature,  forms, 

;c.,  have  been  translated  and  reprinted,  making  them  available  now  in  both  languages.  Routine  correspondence 
;celved  in  French  is  answered  in  French,  and  form  letters  are  despatched  in  French  whenever  it  is  believed  that  the  recipient 
ould  prefer  it. 

' The  new  design  of  membership  certificate  was  taken  into  use,  and  it  was  well  received  by  those  concerned.  The  improved 
ppearance  of  the  E.I.C.  certificate  is  expected  to  have  a strong  effect  on  enhancing  the  Institute’s  prestige.  The  special  certificate 
!)r  Life  Members  was  in  process  of  distribution  to  all  known  surviving  senior  members  in  that  grade.  It  is  expected  that  this  job 
ill  be  completed  during  the  winter. 

I The  total  enrolled  membership  at  the  close  of  1961  stood  at  22,601  which  is  a 5%  increase  over  1960.  The  detailed  breakdown 
' this  figure  is  given  in  another  section  of  this  report. 


JMMITTEE  members: 

Chairman:  E.  D.  Gray-Donald,  Montreal 
Members:  Hugh  C.  Brown,  Montreal 
Gaétan  Cote,  Sherbrooke 
C.  Fisher,  Winnipeg 
Yvan  Hardy,  Montreal 


C.  Peter  Jones,  Vancouver 
R.  J.  Kane,  Montreal 
Elsie  G.  MacGill,  Toronto 
W.  A.  Smith,  Calgary 
G.  F.  Vail,  Halifax 


E.  D.  GR.\Y-DOXALD,  M.E.I.C. 

Chairman 


PUBLICATIONS  COMMITTEE 

The  Committee  was  influenced  in  the  new  work  it  undertook  in  1961  mainly  by  three  factors. 

Council  had  approved  the  Committee’s  recommendations  for  "Objectives”  and  “Policies”  for  the  Journal 
al  TransaetionH  which  were  documented  to  provide  guidance  to  the  many  people  concerned  with  these 
ihlicationH.  Those  are  directed,  of  course,  to  fulfillment  of  the  objectives  of  the  In.stitute  and  particularly  to 
cilitate  the  interchange  of  professional  knowledge  among  the  members  and  to  encourage  original  research 
itl  tlio  stmly,  development  and  conservation  of  the  resources  of  the  Dominion.  I'he  Journal  has  the  additional 
metion  of  providing  a means  of  communication  to  members  on  Institute  affairs. 

Surveys  conducted  among  readers  and  branch  officers  in  1900  and  1961  providetl  some  guidance  as  to 
pinions,  interests,  needs  and  desires  of  members.  More  prompt  publication  of  papers  and  expansion  of 
lihlications  to  cover  more  fields  of  interest  were  indicated. 

I Increasing  numbers  of  papers  suitid)le  for  publication  are  becoming  available  through  expander!  annual 
'•neral  meetings,  regional  technical  conferences  and  higher  calibre  branch  meetings.  .Mso  there  is  a rapidly  increasing  number  of  jv»p<'rs 
dng  prepared  in  highly  si)ecialized  fields  for  which  suitable  publication  should  be  available  through  the  Institute.  With  the  increasing 
■cstige  and  more  wi<lesprea<l  recognition  of  tlie  "Journal”  and  "Tnin.sactions”  an  increasing  number  of  members  are  d«'sirous  of  having 
ieir  papers  published  under  the  auspices  of  the  Institute. 

Guich'd  by  the  foregoing,  the  Committee  has  given  ))articular  attention  to  thm'  projects: 

A stvidy  of  the  non-teehnieal  contents  of  the  "Journal”  to  provide  guidance  to  the  Editor  on  the  relative  imiKtrtanro  of  the  .".evcral 
lepartments”  of  the  "Journal”.  The  resulting  recommendations  were  approviai  by  Council. 

A Guide  b)  Authors  of  technical  |)apera  is  Ix'ing  ()repar(><l  to  assist  in  the  pn^mration  of  Ix'tter  jv\|H'rs,  to  facilitate  publicatsui. 
I encourage  readership  and  to  stimulate  the  writing  of  |MV|K'rs. 

A plan,  which  is  being  prc'pan'd  for  submi.ssion  to  Council,  would  provide  for  prompt  distribution  of  Tran.^aetions  tyjx'  ivqv;. 

I interestnl  members  according  to  the  members’  fields  of  technical  interest. 

j In  1961  thi're  were  sixty-seven  technical  pa|M'rs  publishe<l  in  the  "Journal"  and  in  "Transactions".  Forty-six  of  th-'-  "Journal" 
:tpers  came  from  annual  general  meetings  of  the  Institute  with  the  remaining  twenty-one  directly  from  meml»ers.  Contrarx-  to  the 
'inions  held  by  some  members,  the  "Journal"  (wpers  eoverrsi  the  many  fields  of  interest  mughly  in  pro|x>rtion  to  the  menilxcr  Jiip. 
îcept  in  Mining  for  which  more  |m|>ers  are  nmiiHl. 
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Bridge  and  Structural 4 

Chemical 4 

Civil 12 

Education 3 

Electrical 10 


COMMITTEE  MEMBERS: 

Chairman:  R.  A.  Phillips,  Montreal 
Vice-Chairman:  B.  O.  Baker,  Ottawa 
Members: 

Civil  Engineering;  N.  B.  Hutcheon,  Ottawa 

Bridge  and  Structural  Engineering:  J.  S.  Walsh,  Montreal 
Chemical  Engineering:  W.  H.  Gauvin,  Montreal 

Filectrical  Engineering:  D.  J.  McDonald,  Montreal 


General 7 

Geotechnical 2 

Hydro-Electric 6 

Management 6 

Mechanical 13 

Total 67 


Geotechnical  Engineering: 
Hydro-Electric  Engineering: 
Management  Engineering: 
Mechanical  Engineering: 


Mining  and  Metallurgical  Eng.:  No  appointee 


I.  D.  MacKenzie,  Montreal 
P.  Duchastel,  Quebec 
W.  Bruce,  Montreal 
G.  V.  Meagher,  Toronto 


R.  A.  PHILLIPS,  M.E.I.C, 

Chairman 


COMMITTEE  ON  TECHNICAL  OPERATIONS 

The  Committee  on  Technical  Operations  held  one  full  meeting  in  Toronto,  September  8,  1961.  This  was  an 
organizational  meeting.  Most  of  the  subsequent  work  was  carried  out  by  correspondence  between  the  various 
division  Chairmen  with  the  main  effort  directed  towards  arranging  the  technical  program  of  the  1962  Annual 
Meeting.  Recognition  and  support  was  given  to  various  other  proposed  regional  technical  conferences  organized, 
as  intended  by  the  regions  or  Branches  themselves. 

Several  of  the  Divisions  also  held  meetings  during  the  year.  These  include  a meeting  of  the  Mechanical 
Division  during  the  1961  Annual  Meeting  at  Vancouver,  and  a meeting  of  the  Geotechnical  Division  in 
November  at  Montreal. 

C.T.O.  experienced  difficulty  in  obtaining  or  replacing  Chairmen  who  were  unable  to  continue.  New 
appointments  were  required  for  the  Mechanical  Engineering  Division,  the  Chemical  Engineering  Division  and 
the  Bridge  and  Structural  Engineering  Division.  The  lack  of  a mining  engineer  willing  to  assume  the  duties 
as  Chairman  of  the  Mining  Engineering  Division  has  forced  a continued  vacancy  in  this  important  position. 

Organizational  difficulties,  particularly  in  the  Chemical  and  Mining  fields,  indicate  a need  for  all  possible  encouragement  of 
co-operation  between  the  E.I.C.  and  the  Chemical  Institute  of  Canada  and  the  Canadian  Institute  of  Mining  and  Metallurgy.  These 
two  organizations  already  have  enthusiastic  technical  operations  of  their  own,  and  there  is  little  to  be  gained  by  having  the  E.I.C. 
compete.  However,  much  is  to  be  gained  by  active  co-operation  among  these  bodies  and  the  corresponding  Divisions  of  C.T.O. 

C.T.O.  is  growing.  Recently  Council  authorized  the  formation  of  a new  division — The  Communications,  Electronics  and  Auto- 
mation Division.  Formation  of  two  other  divisions  is  under  active  consideration;  Thermal  Engineering  Division  and  Welding  Engineer- 
ing Division.  Those  wishing  to  become  active  in  these  new  divisions  are  requested  to  write  to  the  General  Secretary. 

COMMITTEE  MEMBERS: 

Chairman:  S.  Sillitoe,  Belleville 
Technical  Division  Committee  Chairmen: 

Bridge  and  Structural  Eng.:  A.  M.  Bain,  Montreal 


Chemical  Engineering: 
Civil  Engineering: 
Electrical  Engineering 
Engineering  Education  : 


G.  M.  Govier,  Edmonton 
R.  M.  Hardy,  Edmonton 
A.  J.  Girdwood,  Guelph 
A.  Porter,  Toronto 


Geotechnical  Engineering:  R.  F.  Legget,  Ottawa 
Hydro-electric  Engineering:  J.  A.  Thomas,  Montreal 
Management  Engineering:  W.  L.  Hutchison,  Toronto 
Mechanical  Engineering:  A.  R.  Edis,  Montreal 

Mining  Engineering  No  appointee 

S.  SILLITOE,  M.E.I.C. 

Chairman 


SPECIAL  COMMITTEES 


BOARD  OF  EXAMINERS 

The  Board  of  Examiners  held  one  meeting  during  1961,  at  which  twenty  (20)  candidates  were  considered. 
A suggested  policy  covering  the  work  of  E.I.C.  Board  of  Examiners,  presented  by  Mr.  E.  C.  Luke,  m.e.i.c.. 
Membership  Services  Manager,  was  discussed  and  unanimously  approved  by  the  Board  of  Examiners  with  a 
minor  revision.  Subsequently  this  suggested  policy  was  submitted  to  Council  for  consideration. 

Four  (4)  candidates  were  referred  to  Council  with  recommendation  for  acceptance  as  Members  after 
verifying  their  qualifications.  One  (1)  candidate  was  recommended  for  the  grade  of  Associate  Member.  It  was 
also  recommended  that  one  (1)  candidate  be  offered  Affiliate  grade  membership.  Four  (4)  candidates  were 
referred  to  the  Provincial  Associations  for  completion  of  their  qualifications.  One  (1)  candidate  was  refused 
membership  for  failing  to  meet  the  requirements  for  admission.  At  the  end  of  1961  nine  (9)  candidates  were 
still  under  consideration. 

Professor  Carlton  Craig,  a member  of  this  Board,  died  on  24  December  1961. 

COMMITTEE  .MEMBERS: 

Chairman:  R.  Boucher,  Montreal 
Members:  Y.  DeGuise,  Montreal 
G.  R.  Garby,  Montreal 
A.  Leclerc,  Montreal 


RAYMOND  BOUCHER,  M.E.I.C. 

Chairman 
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BRANCH  ACHIEVEMENT  AWARDS  COMMITTEE 

The  Geo.  McKinstry  Dick  Branch  Achievement  Awards  were  authorized  by  the  Executive  Committee 
at  its  meeting  of  February  25th,  1961.  At  this  time  the  Executive  Committee  decided  to  establish  one  Award 
for  presentation  annually  to  a large  Branch  and  one  to  a small  Branch,  the  Awards  being  described  in  the 
following  terms: 

“The  Branch  Achievement  Award  should  take  the  form  of  a plaque,  on  which  can  be  added  each  year  the 
name  of  the  recipient  Branch. 

A feature  could  be  the  free  transportation  of  the  Branch  Chairman,  or  his  nominee,  to  the  Annual  Meeting. 

Branches  would  be  judged  on  their  overall  Branch  operations,  membership  growth,  and  technical  activities. 

The  Selection  Committee  might  well  be  the  Chairman  of  the  three  committees  concerned  with  Branch 
Operations,  Membership  and  Technical  Operations. 

That  the  first  award  be  made  in  1961,  that  the  arrangements  for  such  an  award  be  ‘firmed  up’  as  soon  as 
possible,  and  that  the  award  be  called  the  ‘George  McKinstry  Dick  Branch  Achievement  Award’.” 

The  Award  Committee  was  officially  constituted  as  the  Chairman  of  CTO,  the  Chairman  of  C.B.O.  and  the  Chairman  of  the 
Membership  Committee. 

It  was  agreed  that  the  initial  work  involved  in  the  study  of  criteria  to  be  adopted  in  connection  with  the  Awards  should  be  under- 
taken by  CBO  following  which  the  Branch  Achievement  Awards  Selection  Committee  would  finalize  the  criteria  to  be  utilized. 

The  Committee  adopted  the  following  criteria: 

1.  Percentage  increase  in  number  of  Branch  corporate  members  for  the  administrative  year. 

2.  Percentage  increase  in  number  of  Branch  Student  members. 

; 3.  Percentage  increase  in  number  of  technical  meetings. 

4.  Percentage  increase  in  number  of  technical  papers  of  Branch  origin  whether  presented  at  Branch  meetings.  Regional  Con- 

ferences, Annual  Meetings  or  submitted  for  Journal  publication  as  well  as  those  submitted  for  Institute  awards  by  Asso- 
ciate Members. 

5.  Percentage  turnout  of  members  of  Branch  Executive  to  meetings  of  Branch  Executive. 

6.  For  large  Branches  only  increase  in  number  of  technical  Divisions,  sub-divisions,  or  new  Branches  sponsored  and  professional 

development  courses  operated. 

7.  Percentage  decrease  in  number  of  resignations  and  removals. 

The  weighting  to  be  applied  has  been  decided  on  as  follows: 

Small  Branches 

Elements  1,  3,  4,  5 and  7,  equally  weighted.  Where  there  is  a Student  Branch  within  Branch  territory,  element  2 would  be  added 
[ and  combined  with  element  1 using  the  average. 

: Large  Branches 

Elements  1,  3,  4,  5,  6 and  7,  with  equal  weighting.  Where  there  is  a Student  Branch  within  Branch  territory,  element  2 would 
apply  in  application  it  being  combined  with  element  1 and  an  average  taken. 

It  has  further  been  decided  that  a Small  Branch  is  to  be  considered  as  one  having  100  members  or  less,  with  all  the  rest  as  Large 
Branches. 

A suitable  communication  was  prepared  for  dispatch  to  Branch  Secretaries  early  in  January  advising  them  of  the  criteria  adopted 
and  asking  for  the  necessary  returns  so  that  the  Committee  could  evaluate  the  performance  of  the  Branches  and  decide  on  the  Awards. 

COMMITTEE  members: 

Chairman:  F.  L.  Ijawton,  Montreal 
Members:  E.  D.  Gray-Donald,  Montreal 

S.  Sillitoe,  Belleville  f.  l.  lawto.v,  m.e.i.c. 

Chairmari 


COMMITTEE  ON  CO-OPERATIVE  AGREEMENTS 

UccauHC  of  the  (li.M('UH.sinn.s  now  in  jirogrc.s.s  regarding  Confederation  the  work  of  Ihi.s  (^uninittee  for  the 
pa.Mt  year  ha.M  b(!en  one  mainly  of  study  of  existing  agreements. 

1.  An  analysis  of  the  agreements  now  in  force  between  the  lnstitut(‘  ami  tin’  Corixiration  of  Profe-ssional 
Lngine(>rs  and  the  Associations  of  Profe.ssional  I'ingineers  of  Nova  Scotia,  Prince  I'klward  l.sland,  New  Brun.s- 
wick,  Manitoba,  Saskatchewan  and  Alherta  was  made  ami  a rejiort  submitted  to  the  Pn'sident. 

2 A review  of  the  constitution  and  operations  of  the  I'inginet'rs  ,Ioint  C<iuncil  wa.s  maile  and  comments 
■•iihinitted  to  the  President, 

3.  Some  study  was  given  to  th»'  operating  agreements  betwism  the  E.I.C.  and  The  Institution  of  Civil 
I'ingineers,  The  Institution  of  Mechanical  Engineers  and  The  Institution  of  Electrical  Engmeei-s  of  Gn'.at 
Mi'itain.  Whereas  no  specific  recommendations  were  made,  the  Cteneral  Secretarx’  « a.*  n-questisl  to  disem  tluve 
agreements  with  the  officers  of  the  Institutions  concerned  on  his  trip  to  hinglaiid  which  tisik  place  in  February 
jHMl2,  with  a view  to  reaching  a form  of  agreement  that  would  better  conform  to  existing  conditions  Then'  is  nothing  to  n'lsitl  is  .i-,-,! 
the  fact  that  such  interviews  took  place  and  that  the  discussions,  which  were  coiiducti'il  on  a most  friendly  busit.,  will  • ‘ 'nt> 

i'o\i\iiiTi;r,  MEMMKii.s: 

Chniniiaii:  E.  D.  Gray-Donald,  Montreal 
Mrmhrrs:  h’.  E.  Diwton,  Montreal 

Garnet  T.  Page,  Montreal 

S.  Sillitoe,  Belleville  l i>  ..m'  ;■  • i 
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THE  INTERNATIONAL  ASSOCIATION  FOR  THE  EXCHANGE  OF  STUDENT$| 

FOR  TECHNICAL  EXPERIENCE 


As  predicted  late  last  year,  sub-normal  business  conditions  during  the  early  months  of  1961  had  an  adverse 
effect  on  Canadian  industrial  participation.  The  total  dropped  to  the  lowest  point  since  1955  and  it  was  not 
possible  to  place  more  than  79  foreign  students  in  jobs  in  Canada. 

On  the  other  hand,  33  Canadian  engineering  students  took  advantage  of  the  opportunity  to  go  abroad. 
This  is  the  largest  figure  for  Canadian  student  participation  since  we  joined  the  association,  and  it  is  a gratifying 
result.  More  of  our  students  are  learning  about  the  possibilities  of  lAESTE  as  word  about  it  is  spread  around. 

The  Canadian  Committee  was  one  of  those  invited  to  report  on  problems  related  to  lAESTE  participation 
by  students  from  countries  outside  of  Europe.  This  was  prepared  and  forwarded  to  the  General  Secretary  in 
July. 

Mr.  A.  W.  Town,  of  Leeds  University,  visited  Canada  during  the  Summer  as  representative  of  the  lAESTE 
Committee  in  Great  Britain. 


COMMITTEE  MEMBERS: 

CJiairman:  L.  A.  Duchastel,  Montreal 


Industrial  Representatives: 

D.  B.  Best,  Montreal  (Northern  Electric  Co.)  E.  A.  Clark,  Montreal  (Aluminum  Co.  of  Canada) 

J.  M.  Cape,  Montreal  (E.  G.  M.  Cape  & Co.  Ltd.)  W.  G.  H.  Holt,  Montreal  (Dominion  Bridge  Co.  Ltd.) 

G.  E.  Shaw,  Montreal  (Canadian  Pacific  Rlwys.) 


Society  Representatives: 

D.  Jones,  Montreal  (Canadian  Pulp  & Paper  Association)  D.  M.  Morrell,  Montreal  (Canadian  Chamber  of  Commerce)  j 

C.  Gerow,  Montreal  (Can.  Inst,  of  Mining  & Metallurgy)  F.  L.  Lawton,  Montreal  (Canadian  Electrical  Association)  j 

T.  H.  G.  Michael,  Ottawa  (Chemical  Institute  of  Canada)  E.  L.  Mahoney,  Ottawa  (Canadian  Construction  Association)  I 


University  Representatives: 

Bernard  Marois,  Montreal  (McGill)  G.  A.  Wallace,  Montreal  (McGill) 

M,  Poupard,  Montreal  (Ecole  Polytechnique) 

Secretary:  E.  C.  Luke  (E.I.C.  Headquarters) 


L.  A.  DUCHASTEL,  M.E.I.C. 

Chairman 


LIFE  MEMBERS  COMMITTEE 


As  in  previous  years,  the  Committee  have  been  active  in  looking  to  the  interest  of  the  Young  Engineer  and  in  the  study  of  j 
matters  pertaining  to  the  welfare  of  the  Institute  as  a whole. 


One  of  the  projects  in  which  the  Life  Members  have  always  been  interested  and  to  which  contributions  have  been  made  each 
year  is  the  attendance  of  student  delegates  at  the  Annual  Meeting.  This  year,  because  of  the  increased  travel  distance,  due  to  the 
fact  that  the  Annual  Meeting  was  held  in  Vancouver,  our  contribution  for  this  purpose  was  increased  by  $500.00  making  it  $1000.00. 


A contribution  of  $25.00  toward  the  cost  of  each  of  the  Student’s  Prizes  was  also  made  in  order  to  increase  the  value  of  these 
prizes  to  $50.00. 


At  the  request  of  the  Library  and  House  Committee,  a sum  of  up  to  $500.00  was  made  available  to  the  Library  Fund  for  the 
purchase  of  duplicate  reference  books. 


In  view  of  the  importance  to  the  Institute  of  the  question  of  Confederation,  and  of  the  forthcoming  discussion  of  this  question  ! 
at  the  Annual  Meeting,  the  Committee  decided  to  send  as  representatives  to  the  Meeting,  Dr.  L.  Austin  Wright  and  Dr.  Irving  R, 
Tait.  These  Members  have  been  in  close  touch  with  the  Confederation  Movement  since  its  inception  and  were  considered  to  be  most  j 
capable  of  expressing  the  views  of  the  Committee  in  this  matter.  j 


When  the  report  of  the  Commission  on  Confederation  was  made  available  to  the  Members  of  the  Institute,  a sub-committee  was 
appointed  to  study  this  report.  As  a result  of  this  study  and  the  discussion  following,  the  Life  Members  Committee  made  a submission  j 
to  the  President  of  the  Institute  strongly  recommending  the  rejection  of  the  Commission’s  proposals.  The  Life  Members  Committee 
are  convinced  that  the  adoption  of  these  proposals  would  result  in  the  virtual  abandonment  of  the  Engineering  Institute  of  Canada 
and  all  that  it  has  stood  for  in  the  life  of  the  profession. 


Another  matter  that  has  been  of  serious  concern  to  the  Committee  is  the  proposal  that  was  made  to  the  Council  of  the  Institute 
to  abandon  the  Institute’s  Library.  In  view  of  the  valuable  service  that  the  library  has  rendered  to  the  members  of  the  Institute  over 
the  years,  the  Committee  regards  this  as  a retrograde  step,  and  so  advised  the  President  and  Coimcil. 


Î 


Dr.  L.  Austin  Wright,  who  has  made  such  a valuable  contribution  to  the  Committee  as  Chairman,  resigned  toward  the  end  of 


the  year  because  his  change  of  address  to  Sidney,  B.C.  made  it  impossible  for  him  to  carry  on.  The  Committee  were  very  sorry  to  f# 
lose  his  valuable  services  and  accepted  his  resignation  with  regret.  Mr.  C.  Kirkland  McLeod  was  elected  Chairman  in  his  place.  • ' 


The  number  of  Life  Members  at  the  end  of  the  year  1961  was  749.  The  financial  statement  is  attached. 


J.  A.  FREELAND,  M.E.I.C. 

Secretary 
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LIFE  MEMBERS'  VOLUNTARY  CONTRIBUTIONS 


REVENUE  AND  EXPENDITURE 

Balance,  December  31,  1960 $ 8,522.18 

Revenue 

Contributions  received SI, 643.28 

3%  Interest  credited  to  account 234.42  1,877.70 

10,399.88 

Expenditure 

June  29,  1961 — Meeting  expenses,  1960/61 60.95 

July  28,  1961 — Dr.  L.  A.  Wright — Attendance  at  Annual  Meeting 662.55 

Dr.  I.  R.  Tait — Attendance  at  Annual  Meeting 617.25 

Aug.  31,  1961 — Contribution  to  1961  Students’  Conference 1000.00 

Sept.  12,  1961 — Stenographic  expenses  of  Chairman  and  Secretary 100.00 

Dec.  31,  1961 — Meeting  expenses 62.91 

Preparing  and  mailing  letters  by  E.I.C.  Headquarters 56.22  3,059.88 

Balance  December  31,  1961 7,340.00 


NOMINATING  COMMITTEE 


Amherst,  J.  N.  Ritchie 
Baie  Comeau,  Gordon  Mikkelborg 
Belleville,  G.  Bradford 
I Border  Gities,  M.  Armstrong 
Brampton,  K.  Giddings 
Brockville,  J.  R.  Eastwood 
I Calgary,  R.  T.  Hollies 
! Cape  Breton,  Harold  M.  Aspinall 
I Central  British  Columbia,  J.  W.  Nelson 
Chalk  River,  A.  J.  Suiiunach 
Comerbrook,  A.  W.  Curren 
Cornwall,  L.  H.  Snelgrove 
; Eastern  Townships,  E.  T.  Harbert 
Edmonton,  S.  R.  Sinclair 
Fredericton,  Otis  Logue 
' Halifax,  Gilbert  F.  Vail 

Hamilton,  P.  J.  McNally 
I Huronia,  H.  C.  Bates 

Kingston,  W M.  Campbell 
j Kitchener,  W.  Bobbie 

I Kootenay,  G.  W.  Downie 

! Lakchcad,  V.  B.  Cook 

j Lethbridge,  C.  S.  Clcndening 
London,  W.  Ayearst 
I Lower  St.  Lawrence,  No  Nominee 

j Moncton,  J.  F.  Callaghan 

Montreal,  C.  E.  Frost 
Newfoundland,  G.  E.  Knight 


Niagara  Peninsula,  G.  Cline 

Nippissing  & Upper  Ottawa,  C.  A.  Hellstrom 

North  Eastern  Ont,  No  Nominee 

Northern  New  Bnmswick,  R.  W.  Rankine 

North  Nova  Scotia,  John  E.  Clarke 

North  Shore  Lower  St.  Lawrence,  R.  F.  Dee 

Oakville,  D.  A.  Sinclair 

Ottawa,  H.  Chaput 

Peterborough,  D.  A.  Lament 

Port  Credit,  A.  E.  Cooke 

Port  Hope,  J.  S.  Coopman 

Prince  Edward  Island,  J.  D.  MacDonald 

Quebec,  L.  P.  Bonneau 

Richmond  Hill,  D.  C.  McMillan 

Saguenay,  D.  L.  Aker 

Saint  John,  J.  B.  Eldridge 

St.  Maurice  Valley,  J.  P.  Woods 

Sarnia,  Ralph  F.  Routledge 

Sa.skatchewan,  W.  B.  Clipsham 

Sault  Ste.  Marie,  Frank  MacKay 

Sudbury,  F.  A.  Orange 

Toronto,  E.  R.  Davis 

Vancouver,  Percy  N.  Bland 

Vancouver  Island,  Cdr.  P.  F.  Fairfull 

Whitby,  No  Nominee 

Winnipeg,  J.  B.  Striowski 

Yukon,  E.  Kellctt 


Chairman:  E.  D.  CRAY-DONALD 


PRIZES  AND  AWARDS  COMMITTEE 

III  1961  Council  npiiointcd  ii  now  committoo,  tho  Prizoa  and  .Vwurd.s  Comniittoo.  Thi.s  rommittoo  serves 
VO  major  functions.  Tho  first  is  that  of  reviewing  and  recommending  to  Council  regarding  the  In.'^titute’s 
ver-all  program  of  prizes  and  awards,  d’lio  committee  has  completed  this  portion  of  its  task.  The  second 
motion  of  the  committee  is  to  serve  on  a continuing  basis  as  a clearing  house  on  all  matters  arising  in  coll- 
ection with  prizes  and  awards  and  to  recommend  to  Couneil  regarding  the  conqiosition  of  the  individii.ol 
•mmittces  concerned. 

’MMirri'.K  MEMIIEKS: 

Chairman:  George  McK.  Dick,  Sherbrooke 
Mfinlirrn:  A.  (\  David.son,  Toronto 

(hsirges  Demers,  Quehi'c  City 


OEORi'.r.  MCK.  Dlt'K.  M F I 
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STUDENT  POLICY  COMMITTEE 


For  several  years  this  report  has  mentioned  a high  level  of  student  interest  in  the  Institute,  and  it  was 
maintained  through  1961.  As  evidence  of  this,  the  number  of  E.I.C.  Student  Sections  on  Canadian  college 
campuses  rose  from  nine  to  twelve,  and  others  are  being  considered. 

Probably  no  other  Institute  event  during  the  year  exceeds  in  importance  the  annual  Student  Conference, 
in  the  eyes  of  the  students  themselves.  An  excellent  one  was  held  in  Vancouver,  for  three  days  during  the  1961 
Annual  Meeting.  31  delegates  and  3 observers,  representing  21  Canadian  universities  and  colleges,  convened 
to  discuss  a variety  of  problems,  activities,  and  plans  concerning  themselves  and  their  relationship  with  the 
E.I.C. 

Normal  distribution  of  Institute  material  to  engineering  students  was  again  carried  out  during  the  year, 
and  included  such  items  as  the  “The  E.I.C.  and  You”  (now  available  for  the  first  time  in  French),  “Engineer- 
ing Careers  in  Canada — 1961-62”,  hundreds  of  sample  copies  of  The  Engineering  Journal,  and  E.I.C.  slide 
rule  tie  clips  to  all  new  Student  Members. 

The  idea  of  Branches  in  university  centres  holding  “Open  House”  parties  for  graduating  class  engineers,  as  suggested  by  Counci* 
was  widely  discussed  during  1961  and  a few  of  them  were  held.  More  are  planned  for  late  in  the  1961-62  academic  year.  1 

As  for  many  years  past,  the  E.I.C.  continued  to  provide  active  support  to  the  administration  of  the  Athlone  Fellowships  and  tl|  i 
International  Association  for  the  Exchange  of  Students  for  Technical  Experience.  These  two  plans  provide  unequalled  opportunituji  ; 
for  engineering  students,  and  graduates,  to  obtain  technical  training  and  job  experience  in  countries  other  than  their  own.  Furthfij  1 
details  may  be  found  elsewhere  in  this  report.  \ 

The  student  affairs  report  for  1961  must  again  pay  tribute  to  the  fine  work  and  genuine  co-operation  provided  by  our  E.I.Ci  ' 
Faculty  Advisers.  Without  their  support  much  of  what  is  being  accomplished,  as  described  above,  would  be  difficult,  if  not  impossibll  | 

COMMITTEE  MEMBERS: 

Chairman:  J.  Hahn,  Montreal 
Members:  Arnold  Boehm,  Montreal 
R.  E.  Jamieson,  Montreal 
J.  Lawrence,  Montreal 

J.  HAHN,  M.E.I.(' 

Chairma  ' 


E.  Muszynski,  Montreal 
C.  G.  Southmayd,  Montreal 
John  Walton,  Montreal 


I 


TRUSTEES 


JAMES  H.  BRACE  BEQUEST  COMMITTEE 


During  1961  the  Committee  prepared  for  consideration  of  Council  a “Proposed  Set  of  Conditions  and 
Rules  of  Procedure  Covering  the  Use  of  Funds  Earned  by  the  Brace  Bequest”. 

After  study  by  the  Finance  Committee,  these  proposed  conditions  and  rules  of  procedure  were  considered 
and  approved  by  Council  on  September  23rd,  1961,  and  are  being  distributed  to  the  Branches  of  the  Institute 
for  information  and  comment. 

As  and  when  further  comments  are  received  from  the  Branches,  these,  together  with  certain  suggestions 
with  respect  to  revisions  which  have  already  been  submitted  by  Members  of  the  Committee,  will  be  taken 
under  consideration  by  the  Committee  and,  if  considered  necessary,  a further  report,  with  recommendations, 
will  be  made  to  Council. 

BOARD  OF  trustees; 


Chairman:  D.  M.  Stephens,  Winnipeg 

Members:  Albert  Deschamps,  Montreal  Ernest  Mason,  Trail 

C.  N.  Murray,  Sydney  A.  T.  Eric  Smith,  Montreal 


0.  M.  Solandt,  Montreal 


D.  M.  STEPHENS,  M.E.I.C. 

Chairman 


xiv 
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REPORTS  OF  REPRESENTATIVES 


AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

The  Council  of  the  American  Society  of  Mechanical  Engineers 

As  a result  of'some  effort  the  E.I.C.  Representative  to  the  A.S.M.E.  Council  is  becoming  recognized  as  a 
rber  of  the  A.S.M.E.  Council  to  a greater  degree  each  year. 

At  the  December  meeting  there  was  an  interesting  discussion  on  the  relationship  between  registration 
membership  in  A.S.M.E.  There  is  apparently  a move  underway  to  require  registration  in  order  to 
in  full  membership  in  the  A.S.M.E.  This  problem  will  go  to  the  complete  membership  for  a vote. 

It  is  also  interesting  to  see  how  the  A.S.M.E.  and  other  sister  organizations  are  approaching  the 
ilem  of  Unity.  They  have  commenced  the  procedure  by  publishing  a Unified  Statement  of  Principle. 

'I'he  .^.S.M.E.  Council  is  considering  the  approval  of  a recommendation  put  forward  by  E.C.P.D.  to 
effect  that  all  professional  engineers  regardless  of  their  specialty  be  identified  by  “Ing”. 

H.  G.  CONN,  M. E.I.C. 
Représentative 


Air  Pollution  Controls  Committee 

It  is  somewhat  difficult  to  separate  the  activities  of  this  committee  from  those  of  the  corresponding  com- 
ee  of  the  Canadian  Standards  Association.  It  seems  to  be  highly  desirable  that,  as  far  as  possible,  the  stan- 
8 adopted  in  the  United  States  and  Canada  should  be  the  same,  and,  therefore,  a close  liaison  has  been 
between  the  two  bodies. 

However,  in  view  of  the  delays  that  have  been  experienced  in  the  U.S.A.,  the  Canadian  Committee  has 
led  to  proceed  alone,  at  least  for  the  time  being.  Nevertheless,  the  third  draft  of  the  proposed  Canadian 
which  is  now  being  circulated,  incorporates  some  of  the  proposals  made  by  the  .A.S.M.E.  Committee. 

'I’h(!  American  draft  was  prepared  “to  assist  communities  in  maintaining  standards  of  atmospheric  cleanli- 
desired  by  the  citizenry”;  it  was  intended  to  serve  as  a general  guide,  subject  to  local  modifications. 

At  a meeting  of  the  A.S.M.E.  Committee,  held  on  November  27,  1961,  tlie  legal  situation  of  the  Com- 
ee  vi.s-a-vis  the  Model  Clean  Air  Ordinance  was  discussed  and,  in  view  of  the  uncertain  jurisdictional 
itioii,  it  was  decided  to  return  tlie  document  to  the  sub-committee,  for  re-consideration. 

Ah  far  as  we  are  aware,  no  such  objections  arise  in  connection  with  tlie  Canadian  proposals  and,  as  we  feel  tliat  some  action 
Id  be  taken  now,  the  C.S.A.  Committee  is  proceeding  with  the  preparation  of  a Coile  that  will  be  suitable  for  Canadian  conditions, 
iibrnission  to  the  jiarent  body.  However,  the  impa-sse  outlined  above,  iloes  indicate  the  complexities  of  the  problem  ami  it  suggests, 
n.st  some  rea.sons  why  progress  in  solving  it  is  .so  slow. 


E.  .M.l.Cl  T,  M. E.I.C. 


Représentative 


ASME-EIC  International  Council 


The  {’ouncil  mi't  twice  during  the  year  on  the  occasions  of  the  .Annual  Meetings  of  E.I.C.  aiul  A.îS.M.E.,  resiHs-tivclv  It  con- 
'd discussion  of  various  (ielils  in  which  co-operation  could  be  cncouragcti,  and  co-ordination  eflcctcil. 

During  the  year,  two  joint  conferences  were  held  the  I’nnluction  Engineering  Conference  in  'I'oronto,  and  the  Hydraulics 
erenee  in  Montreal  both  in  May,  19(il.  The  sueee.ss  of  these  meetings  confirmed  Council’s  view  as  to  the  practicality  and  desir- 
Ly  of  such  jointly  s|)onsored  meetings.  Careful  eo-ordination  of  plans  and  announcements  is  neci'ssary  however.  .A.S.M.E.  tabhxl 
ailcil  policy  and  procedure  to  cover  such  situations. 

Council  nieiiibership  for  19(12  was  aimounced  as  follows; 

t'hnirmnn:  (1.  (i.  Soiitlmiavd,  .A.S.M.E.  Representati’  - to  R.I.C.  ('ouncil: 


y icr-(’hnirmnn:  11.  N.  Muller,  .A.S.M.E.  C 

Srcrrtarj/:  ().  M.  Schier,  .A.S.M.E.  I. 

ReprrsrntativrH:  David  Carr,  .A.S.M.E.  .1 

David  h'.  t^iiaii,  .A.S.M  hi.  T 

U.  S.  .'^proule,  A.SM.E.  1. 

denrial  Secretary  H.I.C.:  (larnet  T.  I’lige,  l i t 
Representative  to  ,\  S.M  R.  ('ouncil.  M Ci  Conn.  1 


(!.  Siuthiuayd.  .\.S.M.l',. 
( '.  .“N'litance,  E 1 t'. 

.V  Thoma -.  E l l'. 

W ( .....ch,  E EC. 

IE  Honneau,  1.  I C. 


I r 
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CANADIAN  CENTENARY  COUNCIL 

Your  representative  attended  the  meeting  of  the  Canadian  Centenary  Council  held  in  Ottawa  on  May  12 
and  13,  1961.  The  Council  met  under  the  Provisional  Chairman,  Colonel  Hugh  M.  Wallis  of  Montreal,  and, 
after  an  address  by  the  Prime  Minister,  Colonel  Wallis  made  the  report  of  his  Provisional  Executive  Com- 
mittee and  a slate  of  officers  was  elected,  headed  by  Brig.  C.  M.  Drury.  Mr.  Robbins  Elliott,  Executive 
Director,  Royal  Architectural  Institute  of  Canada,  was  appointed  Chairman  of  the  Program  Research 
Committee. 

A draft  constitution  of  the  Canadian  Centenary  Council  was  then  presented  to  the  meeting  and  adopted 
by  the  membership.  The  objects  of  the  Council  are  as  follows: 

(a)  To  stimulate  interest  in  appropriate  observances  and  celebrations  of  the  anniversary  of  Confederation 

in  1967. 

(b)  To  establish  principles  and  objectives  and  direct  public  attention  to  them. 

(c)  To  encourage  and  assist  in  the  initiation  of  certain  projects  before  1967. 

(d)  To  act  as  a national  clearing  house  and  information  centre  and  provide  planning  facilities  and  services. 

(e)  To  encourage,  undertake  and  assist  Centenary  projects. 

(f)  To  co-operate  with  government  at  all  levels  and  with  other  interested  bodies. 

(g)  To  undertake  such  other  activities  related  to  the  Centenary  as  the  Council  may  deem  advisable. 

Following  the  adoption  of  the  constitution,  Mr.  Elliott  divided  the  delegates  into  eight  committees,  each  representing  a genera] 

area  of  interest.  These  were: 

(a)  Committee  on  Legislation  or  Political  Growth  and  Historical  Plans. 

(b)  Committee  on  Physical  Development. 

(c)  Committee  on  Communications.  i 

(d)  Committee  on  Festivals  and  Exhibitions  and  Sports.  [ 

(e)  Committee  on  Social  Health  and  Humanitarian  Measures.  j 

(f)  Committee  on  Cultural  Expression. 

(g)  Committee  on  Education  and  Scholarships. 

(h)  Committee  on  Travel  and  Conventions. 

Each  of  these  committees  met  to  consider  various  suggestions  that  had  been  put  before  the  Coimcil  as  means  of  celebrating  ; 
Canada’s  Centennial  in  1967.  Your  representative  met  with  the  Committee  on  Physical  Development  under  the  chairmanship  of  Mr,  ; 
Eric  Beecroft,  representing  the  Canadian  Federation  of  Mayors  and  Municipalities.  Your  representative  presented  to  the  Committee  j 
the  excellent  brief  prepared  by  Mr.  J.  H.  Parker  entitled  “Proposal  for  a Canadian  Museum  of  Science  and  Technology”.  Your  repre-  ; 
sentative  spoke  on  the  appropriateness  of  such  a museum  since  the  history  of  Canada  has  been  very  closely  tied  to  developments  in  ! 
science  and  engineering  and  on  the  necessity  of  an  immediate  start  to  preserve  exhibits  and  examples  of  Canadian  engineering  and . 
science  that  might  shortly  be  lost  to  posterity  by  a further  delay.  This  brief  was  accepted  by  the  Committee  and  was  later  presented  j 
to  the  full  meeting  when  the  Chairman  gave  his  report.  | 

The  Committee  went  on  to  discuss  other  possible  physical  development  programs  and  recommended  that  every  Canadian  com- 1 
munity  should  have  a centennial  plan,  making  the  year  1967  a deadline  for  the  celebration  of  the  completion  of  the  first  stage  of  a well 
considered  program  of  commimity  building.  The  Committee  recommended  the  formation  of  a Physical  Development  Committee 
under  the  aegis  of  the  Centenary  Council  in  each  municipality  or  metropolitan  area.  The  Committee  also  recommended  that  each 
municipality  might  consider  the  concept  of  a model  or  centennial  sector  that  would  embrace  the  best  features  of  the  modem  plan, 
a centennial  program  for  depressed  communities  to  devise  some  means  of  economic  rehabilitation  and  an  inventory  of  resources  for  I 
Canada’s  second  century  of  progress.  j 

Your  representative  has  followed  up  the  consideration  of  the  brief  on  the  Museum  of  Science  and  Technology  to  nake  sure  that  it  | 
receives  the  consideration  it  deserves.  He  has  also  discussed  the  matter  with  the  Department  of  Northern  Affairs  and  National  Re-  j 
sources  and  has  learned  that  such  a museum  has  received  consideration  and  that  steps  have  been  taken  to  preserve  certain  exhibits  | 
that  might  be  of  value  to  such  a museum  in  the  future.  i 

BRIG.  A.  B.  CONNELLY,  M.E.I.C.  i 
Representative  \ 


CANADIAN  CONFERENCE  ON  EDUCATION 

The  Engineering  Institute  of  Canada  has  been  one  of  the  member  organizations  of  the  Canadian  Conference  on  Education  since  i 
its  inception.  The  Institute  took  an  active  part  in  the  preparation  for  the  first  conference  held  in  1958  in  Ottawa  and  has  been  playing, 
an  active  part  in  the  planning  of  the  second  conference. 

The  second  Canadian  Conference  on  Education  will  be  held  in  Montreal  between  March  4 and  8,  1962. 

The  conference  is  being  generously  supported  financially  by  the  Ford  Foundation  and  its  planning  has  now  reached  an  advanced 
stage.  For  example,  nine  Conference  Studies  have  been  prepared  on  the  important  topics  listed  below — copies  of  these  may  be  obtained 
from  the  Conference  Offices  at  85  Sparks  Street,  Ottawa: 

The  major  publications  are:  The  Aims  of  Education,  The  Professional  Status  of  Teachers,  The  Development  of  Student  Potential, 
New  Developments  in  Society,  Financing  Education,  Continuing  Education,  Research  in  Education,  The  Citizen  in  Education, 
Education  and  Employment. 

Five  Institute  delegates  have  been  appointed  and  they  will  no  doubt  participate  actively  in  the  work  of  the  various  study  groups. 
In  addition  several  seminar  sessions  have  been  arranged,  and  the  senior  Institute  delegate  is  Dean  R.  R.  McLaughlin,  University  of 
Toronto. 

ARTHUR  PORTER,  M.E.I.C. 

Representative  j 

The  Engineering  Journal — April,  1962 


xvi 


NATIONAL  JOINT  COMMITTEE  ON  WINTERTIME  CONSTRUCTION 

j The  Committee  in  its  meeting  of  February,  1960  had  made  useful  recommendations  to  the  Minister  of 
iLabour  advocating  an  earlier  annoimcement  date  and  extended  scope  of  the  incentive  program  for  Municipal 
iWinter  Works  and  these  were  adopted.  They  proved  effective  in  quicker  initiation  of  larger  work  programs. 

In  a September  meeting  the  importance  of  detailing  tidy  and  competent  workers  to  undertake  home  pro- 
jects was  emphasized. 

On  October  12th,  1961  the  eleventh  general  meeting  of  the  Committee  was  held  in  Construction  House, 

Ottawa,  with  fifteen  members  in  attendance. 

The  Committee  urged  that  Provincial  Governments  schedule  their  projects  to  provide  maximum  winter 
employment  and  provide  incentives  to  Municipal  Governments  to  adopt  the  same  policy.  Discussions  took 
place  on  the  outlook  for  1961-62  Winter  Employment  and  on  promotional  activities  of  member  organizations. 

Views  were  expressed  that  on  any  project  that  would  extend  over  a winter,  whether  by  day  labor  or  contract, 
the  Controlling  Authority  should  direct  attention,  before  work  began  or  contracts  let,  to  classes  of  construc- 
tion that  were  feasible  under  winter  conditions.  These  could  be  ear-marked  for  winter  employment. 

Consideration  might  be  given  to  more  direct  allowances  to  encourage  winter  work  by  offering  credits  for: 

(a)  Increased  transportation  costs. 

(b)  Cost  of  heating,  based  on  reasonable  rentals  for  appliances  plus  cost  of  fuel  or  electric  power. 

' (c)  Increased  cost  of  camp  maintenance  plus  actual  cost  of  winterizing. 

(d)  Extended  overhead  costs  due  to  lost  time  because  of  severe  winter  conditions. 

(c)  Increased  cost  of  maintaining  mechanical  equipment  and  protecting  vulnerable  material  from  frost. 

These  credits  would  be  met  from  funds  appropriated  for  Winter  Time  Construction. 

Analysis  of  various  projects  would  likely  disclose  a surprising  number  that  were  well  worth-while  when  the  overall  benefits  of 
increased  winter  employment  were  compared  with  the  alternative  of  relief  payments,  construction  delays  or  cancellations  and  the 
adverse  psychological  effect  of  increased  unemployed  workers. 

J.  M.  WARDLE,  M.E.I.C. 

Representative 


I 


CANADIAN  GOOD  ROADS  ASSOCIATION  JOINT  COMMITTEE  ON  UNIFORM 

TRAFFIC  CONTROL  DEVICES 

As  representative  of  the  Engineering  Institute  of  Canada  on  the  Joint  Committee  on  Uniform  Traffic  Control  Devdees,  I beg  to 
submit  the  following  report.  The  disparity  in  highway  signs,  signals  and  markings  used  in  Canada  has  long  been  deplored  until  concrete 
action  was  taken  in  1956  to  achieve  the  greatest  degree  of  uniformity,  in  the  shortest  time  possible,  for  both  safety  and  ease  of  travel. 
Sponsored  by  the  Canadian  Good  Roads  Association,  a Joint  Committee  undertook  the  study  of  ways  and  means  of  preparing  a 
manual  which  would  serve  as  a guide  for  all  levels  of  government  having  jurisdiction  on  public  roads. 

On  this  committee  were  appointed  representatives  of  all  organizations  interested  in  highway  traffic,  regulations,  safety,  transport, 
etc.  These  representations  were  grouped  as  follows: 

Canadian  Good  Roads  Association;  Canadian  Section,  Institute  of  Traffic  Engineers;  Provincial  Governments;  Cities;  Govern- 
ment of  Canada;  National  Associations;  Canadian  Associations  of  Chiefs  of  Police;  Canadian  Automobile  Association;  Canadian 
Highway  Safety  Conference;  The  Engineering  Institute  of  Canada. 

The  following  subcommittees  were  formed:  Subcommittee  on  Signs,  Subcommittee  on  Signals,  Subcommittee  on  Markings, 
Subcommittee  on  Editing — Engli.sh  Edition,  Subcommittee  on  Editing — Bilingual  Edition,  Subcommittee  on  Research. 

Some  one  hundred  and  fifteen  (115)  persons  have,  for  a period  of  nearly  four  (4)  years,  contributed  to  the  preparation  of  the 
manual  and  devoted  much  of  their  time  attending  meetings  in  various  parts  of  Canada.  The  English  Edition  of  the  manual  was  pub- 
lished in  January,  1960,  and  distributed  since  then  by  the  Canadian  Good  Roads  Association.  Of  the  5,000  copies  printed  some  4,300 
liavc  already  been  distributed,  indicating  the  large  extent  of  its  need.  The  Bilingual  Edition  is  under  revision  and  should  be  available 
by  the  end  of  the  pre.sent  year.  The  loose-leaf  form  of  the  manual  will  allow  changes  to  be  made  whenever  traffic  conditions  and 
requirements  so  warrant.  It  will  be  the  function  of  the  Research  Subcommittee  to  investigate  and  report  to  the  Joint  Committee  on 
the  advisability  of  such  changes. 

It  has  been  a great  privilege  to  represent  the  Engineering  Institute  on  the  Joint  Committee. 

J.  O.  MARTINEAl*,  .M.E.I.C. 

Representatix'f 


CANADIAN 


NATIONAL  COMMISSION  FOR  UNESCO 


During  the  period  eommenoing  with  the  appointment  of  this  re(>rcsentaf ive  and  ending  with  the  d.ate 
of  writing  this  report,  the  ('anadian  National  ('onimis.Mion  for  UNESCO  ha.s  not  held  a meeting,  rarlicipaf ion 
has,  therefore,  been  limited  to  that  of  a watching  brief.  The  Canadian  National  Commi.ssion  distrilniti's  a 
good  deal  of  literature  ri'garding  HNEHC'O  work  which  has  lii'en  twruscii  with  inten'st. 

K.  r.  Ti  rrr.u,  mon.  m.e.i.i'. 

/I’cprrjirnt^iir 
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CANADIAN  RADIO  TECHNICAL  PLANNING  BOARD 

1961  was  a very  active  and  progressive  year.  Sponsor  representatives  received  some  fifty  communications  from  the  C.R.T.P.B. 
office,  transmitting  information  and  requesting  comment  and/or  approval  of  numerous  sub-committee  submissions  and  Department 
of  Transport  specifications. 

The  detailed  work  of  the  Board  was  carried  out  by  fourteen  sub-committees  with  considerable  activity  on  Telephone  Channel 
Parameters  FM  Broadcasting,  Beam-Tilt  Antennaes,  Land  and  Mobile  Transmitters  and  Receivers,  Radio  Paging,  Radio  co-ordina- 
tion, etc. 

With  C.R.T.P.B.  approval,  your  E.I.C.  representative  participated  directly  in  studies  being  undertaken  by  the  Department  of 
Transport  in  connection  with  Canada’s  interests  in  Space  Communications  Systems  and  Radio  Astronomy.  These  studies  are  intended 
to  provide  background  for  Canada’s  representative  at  the  international  meeting  on  this  subject  to  be  held  in  June,  1962.  This  meeting 
is  sponsored  by  the  International  Radio  Consultative  Committee  (C.C.I.R.)  of  the  International  Telecommunications  Union,  Study 
Group  IV. 

The  Engineering  Institute  of  Canada  was  represented  at  the  Annual  Meeting  and  at  the  Executive  Committee  meeting,  held  in 
Ottawa  in  December,  1961. 

E.  H.  HAYES,  M. E.I.C. 

Representative 


I 


CANADIAN  SCIENCE  FAIRS  COUNCIL 

Since  being  appointed  as  the  E.I.C.  representative  on  the  C.S.F.C.  in  August,  1961,  I have  attended  four 
Council  meetings,  which  are  held  on  the  average  every  two  months.  This  report  will  concern  itself  with  the 
history  of  the  Science  Fair  movement  in  Canada  and  the  work  and  objectives  of  the  C.S.F.C. 

More  than  30  Science  Fairs  are  scheduled  throughout  Canada  in  1962.  This  represents  a phenomenal 
growth  for  a movement  originated  in  1957  as  a small  fair  in  Winnipeg  under  the  auspices  of  the  Metropohtan 
School  authorities.  A science  fair  is  an  exhibit  of  students’  scientific  projects,  experiments  and  collections, 
designed  to  motivate  and  encourage  students  to  take  a serious  interest  in  the  field  of  science  as  a career.  A 
science  fair  may  be  sponsored  by  a school  board,  a service  club,  a parent-teacher  association,  an  industrial 
group,  a professional  society,  a newspaper,  or  other  community  organization  or  institution  interested  in 
encouraging  the  study  of  science  among  Canadian  youth.  The  number  of  participants  in  each  of  these  fairs 
ranges  from  75  to  300  students. 

The  dual  need  for  (a)  co-ordination  of  the  many  local  and  regional  fairs  springing  up  across  Canada  and  (b)  provision  for  national 
competition  in  Canada  caused  the  C.I.C.  and  the  E.I.C.  to  initiate  the  formation  of  the  Canadian  Science  Fairs  Council  in  1959,  now 
sponsored  by  13  national  professional,  educational,  and  scientific  organizations.  The  Council’s  main  objectives  are  (a)  to  assist  the 
scientific  professions  in  their  active  support  of  scientific  progress  and  education  and  (b)  to  stimulate  in  the  minds  of  young  Canadians 
a better  understanding  of  the  contributions  of  science  and  research  in  present  day  living.  The  Council  strives  to  implement  these 
objectives  by  encouraging  the  development  of  science  fairs  in  the  provinces,  concentrating  initially  in  those  areas  where  no  local  or 
regional  organization  is  already  functioning,  and  then  working  towards  the  establishment  of  a national  competition  for  finalists  from 
all  provinces  and  the  tei'ritories. 

The  first  Canada-wide  science  fair  will  be  held  at  Carleton  University,  Ottawa,  May  11-12,  1962.  It  is  sponsored  by  the  C.S.F.C. 
and  the  Kiwanis  Clubs  of  Ottawa. 

The  purpose  of  the  Canada-wide  science  fair  is  to  provide  the  final  plateau  of  competition  which  to  date  has  been  available  only 
in  the  United  States,  where  the  science  fair’s  movement  has  been  growing  for  more  than  15  years.  Tw'o  overall  best  aw'ards,  one  for 
boys  and  one  for  girls,  are  given,  which  consist  of  expense  paid  trips  to  the  International  Youth  Science  Fortnight,  London,  England, 
July  20-August  3,  1962.  Other  awards  include  cash,  bursaries,  plaques  and  research  material.  Of  major  importance  is  the  recognition 
given  by  the  sponsors  of  the  Council  to  the  achievements  of  the  finalists. 

Prior  to  July  1961  the  Council’s  activity  was  largely  exploratory  and  preparatory.  However,  with  the  appointment  of  a full-time 
secretary  and  co-ordinator  in  July  1961,  marked  progress  has  been  made  in  (a)  the  informational  function,  (b)  the  establishment  of 
eligibility  standards,  (c)  the  establishment  of  a pattern  of  affiliation  and  appropriate  rules  and  regulations  for  local,  regional,  and 
provincial  fairs,  (d)  the  organization  and  handling  of  the  1962  first  Canada-wide  science  fair  at  Ottaw’a. 

Although  science  fairs  are  obviously  intended  to  reveal  and  recognize  achievements  in  the  sciences,  the  educational  benefits 
are  much  broader.  A student  preparing  a project  in  one  of  the  sciences  must  prepare  himself  in  related  subjects  such  as  the  languages 
so  that  his  exhibit  may  be  a credit  to  himself  in  its  graphic  presentation  and  so  that  he  may  adequately  explain  it  to  the  judges. 

As  a science  fair  judge,  it  has  been  a rewarding  experience  to  see  the  enthusiasm,  effort  and  interest  with  which  highschool  boys 
and  girls  present  their  scientific  projects.  I believe  it  imperative  that  we  encourage  scientific  talents  in  our  youth  at  an  early  age 
if  we  are  to  keep  ahead  in  today’s  global,  technological  race.  I sincerely  hope  that  Council  will  continue  to  give  its  full  support  to 
this  most  needed  and  w'orthwdiile  movement. 

H.  A.  MULLINS,  M.E.I.C. 

Representative 


CANADIAN  STANDARDS  ASSOCIATION 

Technical  Committee 

During  the  year  1961  w'e  received  a total  of  57  proposed  standards  on  which  we  were  requested  to  vote  approval  or  disapproval. 
These  standards  involved  a total  of  677  pages  of  reading  material  which  had  to  be  carefully  gone  over  and  digested.  As  a result  of 
this  we  had  4 proposed  standards  which  we  questioned  and  this  involved  correspondence  backwards  and  forwards.  EIC  representation 
on  the  Canadian  Standards  Association,  Technical  Council  is  mainly  a matter  of  reading  and  studying. 

E.  B.  JUBIEN,  M.E.I.C. 

Representative 

xviii  The  Engineering  Journal — April,  1962 


! Committee  on  Asphalt  and  Tar  Roofing  Materials 

The  Canadian  Standards  Association  Committee  on  Asphalt  and  Tar  Roofing  Materials  held  four  meetings  during  1961,  on 
anuary  13th,  February  15th,  June  23rd  and  December  7th. 

Specihcations  were  drafted  for  three  grades  of  asphalt  to  be  used  for  constructing  built-up  roof  coverings.  These  were  submitted 
0 letter  ballot  and  have  been  adopted  as  “A  123.7  C.S.A.  Specification  for  Asphalt  for  Use  in  the  Construction  of  Built-up  Roof 
^verings.”  This  provides  a group  of  asphalts  that  are  particularly  suitable  for  built-up  roof  construction  under  Canadian  conditions. 

The  fourth  draft  of  a C.S.A.  specification  for  asphalt-saturated  felted  glass-fibre  mat  for  use  in  con-struction  of  built-up  roofs 
las  been  prepared,  and  is  to  be  circulated  for  letter  ballot. 

A proposed  C.S.A.  specification  for  asphalt  shingles  surfaced  with  mineral  granules  has  reached  the  stage  of  the  third  draft. 

The  Canadian  Standards  Association  has  authorized  the  Committee  to  write  application  specifications  for  tar  and  asphalt 
oofing  materials.  Drafts  of  application  specifications  are  being  reviewed  for  asphalt  strip  shingle  application  on  roof  slopes  of  4" 
in  12"  or  greater,  and  on  roof  slopes  of  from  2"  to  4"  in  12". 

The  Committee  on  Asphalt  and  Tar  Roofing  Materials  is  considering  the  preparation  of  a “Code  of  Practice”,  similar  to  that 
issued  by  the  British  Standards  Institution  to  assist  architects  and  others  to  design  roof  coverings  that  are  adequate  for  specific 
tructures. 

The  Committee  has  asked  the  Canadian  Standards  Association  for  a statement  of  policy  concerning  the  interpretation  to  be 
jfiven  to  the  maximum  and  minimum  limits  stipulated  in  C.S.A.  specifications.  The  specific  question  on  which  a ruling  is  requested 
's,  “do  the  maximum  and  minimum  limits  apply  as  they  are  listed,  or  are  the  limits  of  acceptance  considered  to  lie  within  the  full 
ange  between  the  minimum  specified  limit  minus  reproducibility  to  the  maximum  specified  limit  plus  reproducibility?” 

.\ORMA.N'  W.  MCLEOD,  M.E.I.C. 

Representative 


COLUMN  RESEARCH  COUNCIL 

The  Column  Research  Council  of  the  Engineering  Foundation  concerns  itself  with  problems  relating  to  the  strength,  design, 
ind  behaviour  of  columns  and  other  compression  elements  in  metal  structures.  The  Engineering  Institute  of  Canada  is  one  of  a 
arge  number  of  technical  and  professional  organizations  with  delegate  members  of  the  Council. 

The  work  of  the  Council,  which  primarily  involves  the  co-ordination  and  review  of  various  researches,  is  carried  on  through 
echnical  committees  and  working  groups,  with  an  annual  technical  meeting  for  interchange  of  ideas  and  committee  meetings.  In 
1961,  the  annual  general  and  technical  meetings  were  held  at  the  George  Washington  University,  in  Washington,  D.C.  in  April.  .\s 
veil,  in  1961,  the  Executive  Committee  and  Chairmen  of  Research  Groups  met  in  New  York  in  October. 

In  1960,  the  Column  Research  Council  published  a “Guide  to  Design  Criteria  for  Metal  Compression  Members”  which  has 
)een  well  received.  A second  printing  of  the  “Guide”  was  ordered  in  1961,  and  many  copies  are  evidently  in  use  in  Canada  in  design 
vork.  The  influence  of  the  “Guide”  can  be  seen  very  clearly  in  the  provisions  for  the  design  of  structural  steel  in  the  National 
Building  Code  (1960),  and  the  new  edition  of  CSA-S16,  Steel  Structures. 

It  is  anticipated  that  the  next  major  contribution  from  Column  Research  Council  will  be  an  enlarged  second  edition  of  the 
‘Guide”  covering  additional  important  structural  types. 

D.  T.  WRIGHT,  M.E.I.C. 

Representative 


EMERGENCY  MEASURES  ORGANIZATION 

Whilst  there  has  been  con.siderable  activity  within  the  Emergency  Measures  Organization  during  the  last  year,  there  has  not 
jeen,  however,  any  request  for  assistance  from  the  Institute  directed  to  your  representative. 

A meeting  is  scheduled  for  early  March  to  explore  areas  where  assistance  might  be  useful  and  a course  for  engineers  in  Survival 
.M  scheduled,  at  the  Canadian  Civil  Defence  College  at  Arnprior  during  the  period  of  April  30th  to  May  4th.  The  Institute  has  been 
nvited  to  send  fifteen  delegates  to  thi.s  course  and  the  Branch  Chairmen  across  Canada  have  been  requested  to  submit  a list  of 
nterested  engineers.  The  College  pays  all  travel  and  living  expenses  for  the  course. 

Your  representative  was  a member  of  a committee  established  to  develop  a suitable  specification  for  a portable  lOKW  emergency 
Tovver  plant  for  the  Emergency  Measures  Organization  mobile  emergency  hospitals.  This  specification  has  now  been  issuetl  by  the 
Dominion  Government  Specification  Board  under  their  listing  76-GP-l. 

I R.  E.  H.WES,  M.E.I.C. 

I Representative 


I SECOND  INTERNATIONAL  HEAT  TRANSFER  CONFERENCE 

'riie  2n<l  International  Heat  'I'ransfer  Conference  took  place  in  Boulder,  Colorado  during  the  la.«t  week  of  .\ugust.  1961.  Held 
,111  a picturesque  setting  on  tin'  camjnis  of  Colorado  Cniversity  in  the  foothills  of  the  Rocky  .Mountains,  and  precishsi  by  over  t«" 
jveurs  of  intensive  planning  and  jireparation  in  which  the  representative  of  the  Ihigineering  Institute  ivirticipatiM  activ-'ly.  the 
■onfert'iiee  prove<l  to  be  a great  succe.ss. 

It  was  jointly  sponsored  by  two  .American  and  two  British  societies  (.A.S.M.E.,  .\  l.Cii.E.,  I.  Mecm.  E.  and  I.  t'li.  1 with  i c 
p irticipation  of  nine  others  (including  the  Ivl.C.),  and  wa.--  attended  liy  nearly  StX)  engineiTs  from  all  over  the  world,  including 
■dioiit  20  from  Canada.  Euro|)e  was  well  represented  with  about  20  delegate;,  from  the  Ciiited  Kingdom  and  others  from  Be'g;;;;-,. 
;l''rance,  llimgary,  Italy,  Hweden  and  Swil/.erland.  Even  such  faraway  countries  as  .lapaii  contributisl  pajs'rs  and  ;-ent  delegate 

The  confereiiee  htsted  a full  week  with  121  jiapers  being  presenti'd.  These  wert'  gnniissl  acronling  to  topic,-  and  ■■umm.ari  ■ ; 
by  rapporteurs.  Hiimmaries,  which  without  I'xception  were  excelh'iitly  pri'pansl,  stiniiilati'tl  aiiimatisl  duciii'ions  whirh  ai  ti  ■ 
proveil  so  lively  that  Ihi'y  continued  well  into  the  evening  hour.-  at  individually  nrganire<i  impromptu  <•  "-lonf 

'I'he  daily  diseiissions  were  chaired  by  two  co-chairmen,  usually  ri'pri'senting  the  Enitrsi  State  and  Gn'at  Britain.  Tw  > ^ it  .. 
,'lelcgates  (Dr.  W.  Gativin,  m.k.i.i'.,  representing  the  Chemical  Institute  of  Canada  and  I'l.Je  or  .1  W . Stc.  diicw  ic;.  m 
representing  the  E.I.C.)  served  as  chairmen  at  two  of  the  sessions, 

The  conference  was  highlighted  by  four  special  li'ctiires  given  by  the  foreinent  authorities  in  the  field  >1  her, I (;- r.-'.r  l'îio- 
iDr.  Eckert  spoke  on  "Research  on  I'’orci'd  Convection."  Dr,  Saunders  ,l  K '■  on  "I’rngn-  ■<  in  Enginr‘ nng  H-.^t  1':  r.  ; t t,.  !-. 
(Dr.  Ilottel  on  “Radiation"  and  Dr.  Schmidt  (Germany  on  "Eree  i ’onveetion." 

I I'ollowing  the  precedent  si't  in  I9.'il  when  the  1 it  International  Ib'al  Transfer  I’onferenee  w held  r,  tlie  1 Kmc  ; 


ill 
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an  additional  discussion  was  later  arranged  in  the  United  States,  the  Boulder  Conference  was  followed  by  a discussion  in  Londoi 
in  January,  1962. 

Complete  proceedings  of  both  meetings  will  be  published  by  the  a.s.m.e.  and  should  be  available  before  the  end  of  1962. 

JULES  W.  STACHIEWICZ,  M.E.I.ci 

Representalivt 


NATIONAL  CONFERENCE  ON  EDUCATION 


The  conference  was  opened  with  much  circumstance  by  the  Governor  General  and  the  opening  addresses  were  intended  tt( 
convey  the  magnitude  of  the  tasks  ahead  and  results  already  achieved.  This  delegate  gained  the  impression  the  conference  was  s 
place  for  exchange  of  ideas  between  individual  professional  educators  as  well  as  those  engaged  in  special  activities  relating  to  the! 
training  or  education  of  adults,  for  example,  some  CBC  representatives,  certain  organizers  of  special  agricultural  training  programmes, 
etc.,  etc.  It  did  not  seem  to  me  to  have  too  much  in  common  with  a professional  society  such  as  E.I.C.,  which  deals  with  discussions 
and  publications  of  trained  specialists. 

This  is  only  the  second  such  conference,  and  E.I.C.  may  well  wish  to  be  represented  again  to  observe  the  development  of  this 
particular  group.  It  did  gather  people  from  all  over  the  country  and  it  was  well  organized  and  well  run.  Most  of  the  discussion  tool 
place  in  small  groups  and  a digest  of  these  group  opinions  was  reported  back  to  the  whole  assembly.  j 

J.  T.  HENDERSON,  M.E.I.C. 

Representative 

NATIONAL  RESEARCH  COUNCIL  ADVISORY  COMMITTEE  ON 

BUILDING  RESEARCH  | 

During  1961  one  special  meeting  of  the  Committee  was  held  on  September  21st,  1961.  The  chief  purpose  of  this  meeting  wa^j 
to  enable  the  Committee  members  to  meet  the  Directors  of  Building  Research  of  the  British  Empire  and  the  United  States  whc* 
were  holding  their  regular  five-yearly  meeting  in  Ottawa  at  that  time.  ; 

E.  R.  SMALLHORN,  M.E.I.C,! 

Représentative 


CANADIAN  NATIONAL  COMMITTEE  SIXTH  WORLD  PETROLEUM  CONGRESS 

The  Committee,  consisting  of  the  following,  has  held  three  meetings — April  26th,  1961,  May  18th,  1961  and  August  29th,  1961 
— and  contemplates  a fourth  meeting  on  March  22nd,  1962. 


Mr.  C.  E.  Carson 
111  St.  Clair  Avenue  West 
Toronto,  Ontario 
Dr.  R.  J.  W.  Douglas 
Geological  Survey  of  Canada 
Department  of  Mines  & Technical 
Surveys 

Ottawa,  Ontario 
Dr.  D.  L.  Flock 
University  of  Alberta 
Edmonton,  Alberta 


Dr.  G.  W.  Govier 

University  of  Alberta 

Edmonton,  Alberta 

Mr.  A.  W.  Hutchinson 

Shell  Oil  Company  of  Canada  Limited 

Box  400,  Terminal  A 

Toronto  1,  Ontario 

Mr.  N.  W.  Martison 

Colorado  Oil  & Gas  Limited 

309 — 7th  Avenue  S.W. 

Calgary,  Alberta 


Chairman: 

Dr.  G.  W.  Gurd 
Imperial  Oil  Limited,  Sarnia 
Secretary: 

Mr.  F.  P.  Irwin 
111  St.  Clair  Avenue  West 
Toronto,  Ontario 
Dr.  J.  F.  Caley 
Geological  Survey  of  Canada 
Department  of  Mines  & Technical 
Surveys 

Ottawa,  Ontario 

In  the  early  meetings  of  the  Committee  it  was  agreed  that  the  Committee  should  solicit  eight  Canadian  papers  (this  being  the  j 
number  approved  by  the  Central  Organizing  Committee  of  the  Congress)  distributed  as  follows:  j 

Section  1:  Geophysics  and  Geology — 3;  Section  2:  Drilling  and  Production — 2;  Section  4:  Base  Stocks  from  Petroleum  ; 
and  Natural  Gas  for  the  Chemical  Industry — 1;  Section  5:  Composition,  Analysis  and  Testing — 1;  Section  7:  Engineering,  ; 
including  Materials  and  Transportation — 1.  I 

At  my  request  to  you  suitable  publicity  concerning  the  Congress  and  a request  for  papers  was  announced  through  thei 
Engineering  Journal.  i 

At  a meeting  held  in  Winnipeg  August  29th,  1961  the  Committee  reviewed  the  titles  and  abstracts  which  it  had  received.  From  i 
the  sixteen  papers  proposed  the  Committee  selected  seven  technical  papers  following  within  the  topics.  Sections  I — VIII,  inclusive,' 
and  one  paper  for  presentation  at  a proposed  panel  discussion.  The  papers  are  as  follows: 

Section  I — geology  and  geophysics — “Geology  and  Petroleum  Potentialities  of  Northern  Canada,”  R.  J.  W.  Douglas,  D.  K.\ 
Norris,  R.  Thorsteinsson  and  E.  T.  Tozer  of  Geological  Survey  of  Canada.  “Seismic  Exploration  for  Reefs,”  (to  be  developed)] 
of  Imperial  Oil  Limited,  Western  Producing. 

Section  II — drilling  and  production — “Arctic  Drilling,”  Peter  Bawden  Drilling  Limited. 

Section  IV — base  stocks  from  petroleum  and  natural  gas  for  the  chemical  industry.  “Data  to  the  Theory  of  Aromatic 
Alkylation,”  George  A.  Olah  of  Dow  Chemical  of  Canada  or  Submission  by  Union  Carbide. 

Section  VI — utilization  of  petroleum  and  of  natural  gas  products.  “Four  Depressants  for  Middle  Distillates,”  C.  H. 
Caesar  and  J.  L.  Tiedje  of  Imperial  Oil  Limited — Research  Department. 

Section  VII — engineering  including  materials  and  transportation.  “Rheology  of  Crude  Oils  and  Applications  to  Pipe 
Line  Design,”  G.  W.  Govier,  University  of  Alberta. 

Section  VIII — statistics  and  education — “The  Evaluation  of  Wildcat  Acreage — An  Operations  Research  Approach,”  D.  G. 
Quirin  and  A.  D.  Hunt  of  Department  of  Northern  Affairs  and  National  Resources. 

In  addition  the  Committee  proposed  the  names  of  four  persons  who  might  give  review  papers  and  the  names  of  one  person  who 
might  give  a general  lecture  at  the  Congress. 

The  recommendations  of  the  Canadian  National  Committee  were  considered  at  a meeting  of  the  Executive  Committee  of  the: 
Permanent  Council  for  the  World  Petroleum  Congress  January  16th  and  17th,  1962  at  The  Hague.  At  this  meeting  the  sevenj 
technical  papers  proposed  by  the  Canadian  National  Committee  were  given  final  acceptance,  together  with  the  proposed  contri- 
bution to  a panel  discussion  on  education  for  the  petroleum  industry.  The  suggestion  from  the  Canadian  National  Committee  that; 
Lewis  G.  Weeks  be  invited  to  present  a review  on  petroleum  "exploration  was  also  accepted.  i 

The  Canadian  National  Committee  has  also  given  consideration  to  its  responsibility  in  connection  with  the  raising  of  funds 
to  help  support  the  Congress.  This  and  other  matters  will  be  dealt  with  at  the  forthcoming  meeting  of  the  Committee  March  22nd. 

In  summary,  I believe  that  I can  report  that  the  Canadian  National  Committee  has  completed  its  work  with  respect  to  the 
obtaining  and  selecting  of  suitable  papers  for  presentation  at  the  Congress  and  that  it  now  has  before  it  the  task  of  soliciting 
financial  support  for  the  Congress  and  other  details  such  as  the  possibility  of  arranging  charter  aircraft  transportation  and  the  like. 

G.  W.  govier,  M.E.I.C. 

Representative 
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UPADI 

As  your  representative,  it  is  my  privilege  to  report  to  you  on  the  activities  of  Union  Panamericana  De 
.Jociaciones  De  Ingenieros  (UPADI)  for  the  past  year. 

' Copies  of  minutes  and  reports  indicate  that  the  Board  of  Directors  has  been  very  active.  UPADI  has 
icomplished  much  in  developing  close  relations  between  the  Engineering  Societies  of  the  various  member 
I untries.  There  has  also  developed  an  active  and  keen  desire  for  more  Engineering  education  in  all  Latin- 
. nerica. 

Mr.  Carlos  Vegh  Garzon,  our  representative  on  the  Board  of  Directors,  continues  to  serve  us  faithfully, 
rich  he  has  done  since  UPADI  was  organized  in  Cuba  in  1950.  He  is  a very  regular  attendant  at  all  meetings. 
iS  ability  and  knowledge  of  South  American  affairs  give  us  a strong  voice  in  the  organization. 

The  need  for  development  in  South  American  countries  is  providing  opportunities  for  Canadian  Engineers, 
pecially  those  trained  in  specialized  fields  such  as  mining,  oil  refinery  and  industrial  processes.  Canadians 
:e  now  entering  these  fields  as  Consultants. 

UPADI  Conventions  are  held  every  two  years.  Argentina  was  the  host  country  in  1960  with  meetings  held  in  Buenos  Aires, 
lerto  Rico  will  be  the  host  country  for  the  1962  Convention  to  be  held  August  19th,  to  26th.  Each  representative  country  may  have 
n accredited  delegates  and  each  delegate  may  invite  Engineers  as  guests,  all  of  whom  may  participate  in  the  meetings. 

This  is  an  opportunity  for  Canadian  Engineers  to  meet  Engineers  from  every  country  of  South  and  Central  America  and  may 
express  the  hope  that  there  will  be  a large  Canadian  delegation. 

Our  contribution  to  UPADI  has  been  substantial.  Canada  and  her  Engineers  are  much  better  known  to  the  Engineers  and  other 
ople  of  South  America  because  of  our  participation.  I hope  that  we  will  continue  to  be  active  and  give  vigorous  support  to  this 
ganization  and  our  Engineers  take  advantage  of  the  opportunities  in  the  development  of  South  America. 

The  financial  affairs  of  UPADI  continue  to  be  managed  in  very  frugal  and  careful  manner. 

I would  like  to  recommend  to  you,  Mr.  President,  that  our  appreciation  be  conveyed  to  Dr.  Giannattasio,  Mr.  Vegh  Garzon, 
r.  Giorgi  and  other  members  of  the  Board  of  Directors  for  the  dedicated  and  faithful  service  rendered  on  our  behalf. 

JAMES  A.  VANCE,  HON.  M.E.I.C. 

Representative 

ENGINEERS’  COUNCIL  FOR  PROFESSIONAL  DEVELOPMENT 

; The  activities  and  progress  of  the  Engineers’  Council  for  Professional  Development  for  1961,  were  most  satisfactory  and  the 
'Mowing  highlights  should  be  of  interest  to  all  members  of  E.I.C. 

I During  the  year,  two  new  participating  societies  were  added  to  the  Council  membership.  The  two  new  societies,  namely  “The 
istitute  of  Aerospace  Sciences”  and  “The  Institute  of  Radio  Engineers”  are  vigorous  organizations  and  should  contribute  materially 
the  work  of  the  Council. 

The  proposed  amalgamation  of  the  Engineers’  Joint  Council  and  E.C.P.D.  was  defeated  by  the  vote  of  the  constituent  societies 
ji  the  proposal  submitted  by  the  joint  E.J.C. — E.C.P.D.  Planning  Committee. 

The  Junior  Engineering  Society  (J.E.T.S.)  which  sponsors  chapters  in  High  Schools  for  guidance  toward  engineering  studies, 
|i8  a membership  of  24,000  in  825  clubs.  During  the  year,  the  Engineering  Foundation  granted  $25,000.00  to  J.E.T.S.  to  implement 
le  transfer  of  their  headquarters  to  the  new  United  Engineering  Centre  in  New  York.  It  was  agreed  that  this  increasingly  important 
■tivity  should  ultimately  be  under  the  guidance  of  E.C.P.D. 

E.C.P.D.  decided  during  the  year  to  discontinue  the  accreditation  of  correspondence  courses  due  to  the  almost  impossible  task 
evaluating  the  products  of  such  courses. 

; The  Recognition  Committee  under  the  Chairmanship  of  Guy  Savard  presented  the  following  definition  which  was  approved 
! Council  as  E.C.P.D.’s  official  wording.  “Engineering  is  the  Profession  in  which  a knowledge  of  the  mathematical  and  natural 
iienccs  gained  by  study,  experience  and  practice  is  applied  with  judgment  to  utilize,  economically,  the  materials  and  forces  of 
jiture.”  Council  also  approved  the  proposal  by  this  committee  that  the  abbreviated  title  “Ing.”  (based  on  the  historic  spelling  of 
(ngenier”)  should  be  used  as  a common  designation  for  all  engineers.  This  proposal  is  being  referred  to  the  constituent  societies 
|r  ratification  before  official  adoption. 

I The  Education  and  Accreditation  Committee  reported  the  evaluation  of  288  curricula  in  72  institutions  during  the  year  and 
ic  Huheommittee’s  report  on  the  accreditation  of  technical  institutes  showed  that  38  curricula  in  13  institutions  had  been  evaluated. 

I Studies  are  being  continued  on  the  increasing  value  of  accreditation  of  post  graduate  studies  due  to  the  continuous  development 
j new  processes  and  procedures  and  the  con.sequent  inherent  trend  of  absolescence  in  all  the  work  of  the  engineer. 

As  a member  of  the  E.C.P.D.  Council  for  the  past  four  yearn,  one  cannot  help  but  admire  and  commend  the  volume  of  work 
■rformed  by  the  members  of  the  E & A Committee.  The  result  of  this  work  is  a continuous  advancement  in  the  quality  of  minimal 
Hiidurils  in  engineering  education.  Your  councillor  cannot  help  but  feel  that  a national  accreditation  procedure  should  be  instituted 
Canada  using  as  a pattern,  the  techniques  and  procedures  which  have  been  developed  by  the  E <fe  Committees  of  E.C.P.D.  over 
le  past  tliirty  years.  The  members  of  this  committee  arc  not  only  carefully  selected  by  the  committee  itself  for  their  educational 
lility  and  [jcrsonal  characteristics,  but  are  trained  by  experience  as  they  progress  in  the  procedures  of  aecrerlitation. 

1 T»)day’s  ('X|)loding  technology,  together  with  the  vast  increase  foreeiust  in  Canadian  University  population  during  the  next  ten 
"ars  indicates  additional  curricula.  University  facilities  and  professional  staff.  In  Ontario  alone,  seven  new  engineering  faculties 
iv<!  been  established  in  the  past  five  years. 

' 'Plie  present  accreditation  programs  in  Canada  are  basically  performed  by  the  Provincial  Profc.'^sional  .\.s.«ociat ions  and  this 
(nil<l  lead  to  eleven  different  standards  in  Clanada.  .\ccreditation  shoidd  oidy  be  performed  on  a national  bjisi.s  niul  it  would  be  most 
fgrettable  if  our  high  standard  of  Canadian  education  wc're  to  suffer  by  rea.son  of  the  problems  a.•'“•ociat<^l  with  abnormal  growth, 
is  doubtful  whether  any  one  orgaiuzatlon  could  supply  the  personnel  for  .all  evaluation  requin'ment.s,  but  it  would  sca'm  mo.'! 
'•lirable  that  the  Engineering  Institute  should  start  the  formation  of  such  an  organization.  The  Institute  .should  have  the  baekgrwmd 
iiowledg(>  for  such  an  a.ssignment  as  .some  of  their  members  have  had  tlu'  op]>ortunity  to  participate  a.s  olwrvers  on  th*'  !■  A A 
Din  mit  t ees. 

'I’he  jireceding  suggestion  is  neci'ssarily  expre.ssi'd  as  brielly  ii.s  )>o,s.sible  for  this  rejiort,  but  could  be  expandexi  in  di  pth  by  the 
i|Ktintment  of  (piatified  members  of  the  Institute.  During  the  year  there  has  been  ai'tive  partieijiation  on  all  eommittts';  by  1 I.C 
'rsonni'l. 

'Phi*  Guidanci'  Committee  eoncentrati'd  their  efforts  on  a (irogram  of  “Engineering  a.,  a Carts-r"  at  the  ■econdary  : ■),  ol  lev'l. 
lintncting  KM), 1)1)1)  students  by  I, .501)  mi'etings.  'I'hese  were  supplemented  by  the  circulation  of  some  130,000  ivimphhvr  . n tlv  vm  - 
ibject.  Both  the  Studi'iit  Development  Committei'  ami  tin'  ('ommiflee  on  the  dt'velopment  of  the  5'  uing  Engini'cr,  v i-—  v t^eiroi;' 
I the  performance  of  their  responsibilitii's  and  their  work  through  local  o'etiom-  is  pnividing  "revil  Uiri'd"  pro^raii!.^  and  lé-'Tatiire 
T this  group  of  engineers  in  their  formative  years. 

\ ’Phe  Ethics  Comniittt'e  is  activi'ly  reviewing  the  Canons  of  Etliie;.  of  E.C  P D.  and  is  trying  to  r u ddi.-jh  l‘.l'‘  P D.  s * a Ii  .anng 
niso  for  such  codi'S  or  rules  I'stablishi'd  by  the  Constituent  Societie;, 

Alt  exi'cutive  and  council  iiu'i'tings  havi'  bi'on  attended  by  your  ap|>ointer:. 

i.  w iikmo-k^’N.  m r i.r. 

7’  ' prr 
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TABULATION  OF  BRANCH  ACTIVITY  ANNUAL  REPORTS 
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5 
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Branch 

No,  of 
Meet- 
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Technical  Meetings  Social  and  Other  Activities 

Joint  Meetings 

No.  of 
Execu- 
tive 
Meet- 
ings 

i 

j 
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Atten- 
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Nature 

Atten- 

dance 

Fredericton 

8 
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grammetry  (1) 
Student  Papers  (1) 

35 

40 

Dinner 

Meetings  (4) 
Christmas  Dance 
Entertaining 
Graduate 
Engineers 

45 

90 

45 
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8 
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j 

Halifax 

9 
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60 

70 
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Social  Evening 
for  Graduating 
Class  N.S.T.C. 
Annual  Meeting 
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70 
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35 

One  meeting  with 
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Association  of 
Architects  and 
Military 
Engineers  Assoc. 

7 
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i 
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23 
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Development  (6) 
Civil  (3) 
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50 

50 

40 

40 
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68 

39 

62 
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61 
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Pulp  and  Paper  indue-  j 
try  was  attended  by 
25  1 

Lakehead 

6 

General  (3) 

28 

Annual  Dance 
Annual  Meeting 

50 

40 

Two  meetings 
with  A.P.E.O. 

10 

Lethbridge 

9 

Civil  (2) 

Electrical  (1) 

Industrial 
Development  (1) 
Civil  Defence  (1) 

42 

27 

27 

32 

Presidents’ 

Visit 

Opening  Stag 
Dinner  Meeting 
and  Field  Trip 
Engineers  Ball 

54 

28 

37 

83 

12 

“Engineering  Careers 
in  Canada”  were  sent 
to  High  Schools.  The 
Ladies  Auxiliary  was 
very  active 

London 

7 

Civil  (1) 

35 

Annual  Dance 
President’s 
Dinner 

Feather  Party 

90 

50 

35 

9 

A students’  night  was 
held  with  a panel  of  j 
local  engineers.  Pro-  i 
fessional  Develop- 
ment included  a pro- 
gram on  Corporation 
and  Civil  Law  by  the 
University  Faculty. 
The  Wives  Group  was 
very  active. 

xxiv  The  Engineering  Journal — Aprü,  1962  j 

1 


^o.  of 

IVo.  of 

Technical  Meetings 

Social  and  Other  Activities 

Execu- 

Meet« 

Joint  Meetings 

tivc 

Other  Activities 

Branch 

mgs 

Field 

Atten- 

Nature 

Atten- 

Meet* 

ings 

dance 

dance 

1 

i-wer 

7 

Navigation 

(1) 

15 

Annual  Party 

35 

All  meetings 

7 

St.  Lawrence 

Electrical 

Presidential 

organized  with 

Power 

(1) 

12 

Visit 

27 

C.P.E.Q. 

Telephone 

(1) 

7 

Petroleum 

(1) 

20 

Civil 

(1) 

10 

loncton 

7 

Hydraulic 

(1) 

58 

Meeting  with 

6 

Structural 

(1) 

42 

General 

Railway 

(1) 

29 

Secretary 

76 

Electrical 

(1) 

35 

Annual  Meeting 
Panel  on 

30 

Confederation 

36 

ontreal 

38 

Management 

(4) 

64 

Annual  Dinner 

Electrical  Section 

10 

Professional  Develop- 

Chemical 

(7) 

64 

Dance 

478 

meetings  held 

ment  Seminar  given 

Civil 

(9) 

64 

Oyster  Party 

138 

jointly  with 

by  Associate  Section. 

1 

Electrical 

(10) 

64 

A.I.E.E. 

The  Branch  presented 

Mechanical 

(8) 

64 

Chemical  Section 

speakers  representing 

Associate 

meetings  held 

the  Engineering  Pro- 

Section 

(3) 

64 

jointly  with 

fession  at  “Career 

C.I.C. 

Nights”  organized  at 
high  schools  and 
Home  and  School 
P.T.A.  groups.  Spon- 
sored Montreal 
Science  Fair.  Aspring 
golf  social,  student’s 
night  and  associate 
paper  night  were 
sponsored  by  the 
Associate  Section 

loose  Jaw 

7 

Hydro  Electric  (1) 

23 

Tour  of  Steel  Mill 

16 

Represented  on: 

5 

Kiwanis  Club  parti- 

Films 

President's 

Moose  Jaw 

cipation  local  High 

1 

(Technical) 

(1) 

20 

Visit 

60 

Productivity 

Schools  “Career 

Films  (Non- 

Council 

Night”.  Provided 

technical) 

20 

Moose  Jaw  Winter 

information  on  courses 

Visit  to  Stock 

Employment 

for  Engineering  Tech- 

Exchange 

25 

Fact  Finding 

nicians  to  Sask.  Tech- 

Archeology  in 

Committee 

nical  Institute 

Sask. 

22 

iwfoiindland 

G 

Mining 

(1) 

54 

Student  Public 

Joint  Meeting 

9 

S50  prize  awarded  in 

Civil 

(1) 

55 

Sijeaking 

with  Military 

Engineering  Students 

Contest 

20 

Engineers 

Public  Speaking  Con- 

Business 

Assoc. 

test.  Engineers  \\’ive3 

Meeting 

30 

presented  a SlOO 
Scholarship  to  2nd 

Dinner  Meeting 

43 

A' ear  Engineering  Stu- 
dent at  Memorial 

Univ.  and  $80  worth 
of  technical  hand- 

books  to  the  Eng. 
Dept. 

UKiira 

8 

Nuclear 

(1) 

63 

President’s 

A.P.E.O.  were 

12 

.\  Professional  Di»- 

l*<'llillH(llu 

flcncral  Film 

(1) 

70 

Visit 

35 

invited  to 

velopment  Course  w.as 

Plant  Tours: 

I'ingineers  Dance 

240 

meetings, 

held.  Speakers  were 
provideii  for  “Carivr 

Steel 

(1) 

75 

Ladies’  Night 

120 

Regional 

Industrial 

(1) 

42 

Junior 

Conference 

Days"  in  local  High 

Str\ietural 

(1) 

20 

Engineers 

Schools 

Tour — Canal 

(1) 

42 

ipiHKÎiiK  and 

8 

( leneral 

(1) 

27 

Annual  Meefing 
Students’  Night 

16 

5 

Each  momlwr  si>on- 

Ontario 

Electrical 

ft) 

17 

79 

sonal  a sHulent  to  a 

Mechanical 

n) 

34 

Begional 

ilinner  nii.ting  on 

Civil 

(1) 

30 

Conference 

1 45 

student’s  night.  Wivc.s 

Instrumenta- 

.\.s.soeiation  held  four 

tion 

(1) 

23 

meetings 

'•rill  l''.ati|4<rii 

Mr.  L.  C. 

1 

Out . Sort ioii 

SenOineo 

A.r.E  (). 

30 

.\nnunl  Meeting 

S 

nrl  II 

Nova  St'olia 

No  ni('('tingH 

held 
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Branch 

No.  of 
Meet- 
mgs 

Technical  Meetings  Social  and  Other  Activities 

Joint  Meetings 

No,  of 
Execu- 
tive 
Meet- 
ings 

r 

Other  Activities  | 1 

Field 

Atten- 

dance 

Nature 

Atten- 

dance 

North  Shore 
Lower  St. 
Lawrence 

6 

Hydro-Electric  (1) 
Communica- 
tions (1) 

Railroad 

Construction  (1) 
Chemical  (1) 

Construction  : 
Harbour  (1) 

Underwater  (1) 

35 

18 

36 

12 

19 

22 

Annual  Branch 
Meeting  and 
Presidential 
Visit 

109 

5 

1, 

Northern  New 
Brunswick 

4 

Dinner  and 
Speaker  (3) 
Annual  Meeting 

33 

36 

3 

1 

Oakville 

6 

General  (5) 

10 

President’s 

Visit 

40 

8 

/ 

Ottawa 

13 

Field  Trips  (2) 

General  (7) 

50 

60 

Golf 

Tournament 

Engineers- 

Architects 

Dance 

Annual  Meeting 

60 

100 

50 

Joint  Meeting 
with  A.I.E.E.  (1) 
M.E.A.C.  (1) 
and  I.TrafficE. 

(1) 

10 

A very  active  P.d) 
with  average  attei; 
ance  at  meetings 
35-40.  Two.S50prii 
were  presented  to  ( ' 
gineering  students 
Carleton  and  Ottat 
Universities 

Peterborough 

5 

Civil  (1) 

Nuclear  (1) 

49 

65 

Dances  (2) 

Non-technical — 
Social  (2) 

Dinner  (2) 

70 

35 

40 

Confederation 
Meeting  with 
local  A.P.E.O. 
Chapter 

15 

1961  Executive  (! 
ganized  Nude 
Power  Exhibit!  I 

with  aid  of  C.A.P,  ' 
Dept.,  C.G.E.  aijl 
A.E.C.L.  Awards  j 
$15  each  were  pij 
sen  ted  to  top  studeni 
in  math  and  physil 
at  four  local  Hi| 
Schools 

Port  Credit 

6 

Construction  (1) 
Plant  Tours — 

Oil  Industry  (1) 
Brewery  (1) 

Preliminary. 

Branch 

Formation 

Meeting 

Inauguration  and 
Presentation 
of  Charter 
Discussions  on 
Confederation, 
Constitution 
and  Branch 
Activities 

Port  Hope 

5 

Tour — 

TV  Station 

40 

Smoker 

General  (3) 

23 

23 

4 

Prince  Albert 

27 

Electrical  (2) 

Physics  (3) 

Civil  (2) 

9 

10 

10 

Dinner 

Socials  (2) 

Hosts  to 
Provincial 
Council  at 
Prince  Albert 
Park 

14 

16 

An  engineering  pan' 
was  held  at  the  loci; 
High  School  to  advisj 
on  engineering  careeiS 

1 

.1 

1 

Prince  Edward 
Island 

3 

Illumination  (1) 

20 

Dinner 

30 

Joint  Meeting 
with 

A.P.E.P.E.I. 

8 

i 

1 

\ 

t 

Quebec,  Quebec 

8 

Civil  (2) 

Electrical  (1) 

Metallurgy  (1) 

44 

40 

18 

President’s 
Annual  Visit 
Branch  Annual 
Meeting 
Lecture  on  Visit 
to  Russia  by 
Mr.  Lawton 
and  Mr.  Grant 
Annual  Golf 
Tournament 

50 

25 

40 

90 

8 

Advanced  StructunJ 
Eng.  for  Laval  sti) 
dents  sponsored.  Oiij 
informal  speech  bj 
senior  Member  fo) 
students  only.  Stuj 
dent  counsellinj; 
through  Faculty  Ad; 
visor.  Regional  Tecbj 
nical  Conference  helc 
in  Nov.  Member; 

active  in  Community 

xxvi 
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Branch 

No.  of 
Meet- 
inga 

Technical  Meetings 

Social  and  Other  Activities 

Joint  Meetings 

No.  of 
Execu- 
tive 
Meet- 
ings 

Other  Activities 

Field 

Atten- 

dance 

Nature 

Atten- 

dance 

(c 

nu  Section 

52 

Professional 

Golf 

There  is  a Ladies’ 

Development 

Tournament 

Group  whose  activi- 

Course 

50 

Informal 

ties  include  bridge, 

Regular 

Dances  (2) 

ceramics,  handicrafts, 

Monday  Noon 

millinery  and  ball- 

Luncheon 

35 

room  dancing 

[i  imond  Hill 

General 

25 

4 

a lenay 

10 

Chemical 

(1) 

25 

Annual  Meeting 

22 

Meeting  on 

9 

Varied  engineering 

Electrical 

G) 

23 

Presidential 

Chemical 

courses  were  offered 

Mechanical 

(1) 

27 

Visit 

26 

Engineering 

to  members.  The 

Industrial 

Confederation 

held  jointly 

Branch  executive  co- 

Relations 

(1) 

75 

Panel 

42 

with  C.I.C. 

operated  with 

Annual  Dance 

275 

Executive  Meetings 

C.P.E.Q.  and  C.I.C. 

held  jointly 

in  arranging  meetings 

with  C.P.E.Q. 

at  local  high  schools 

1 

with  senior  students 

l .fohn 

12 

Civil 

(1) 

44 

Mixed 

One  joint  Dinner 

14 

Professional  Develop- 

Lighting 

(1) 

12 

Dinners  (4) 

42 

with  A.P.E.N.B. 

ment  program  was 

Plant  Tours  (2) 

60 

started  this  year  with 

three  lectures  held 

' 

out  of  a series  of  12  at 

which  average  attend- 

ance  was  39 

tail  Maurice 

10 

Ceramics 

(I) 

35 

Annual  Meeting 

35 

E.I.C.-A.I.E.E. 

4 

alley 

Electrical- 

Presidential 

Joint  Technical 

Mechanical 

(1) 

20 

Visit 

60 

Meeting 

Municipal 

Confederation 

A.I.E.E.  and 

i 

Services 

(D 

80 

Panel 

20 

C.P.E.Q. 

1 

Electrical 

(1) 

15 

Banquet  and 

invited  to  social 

' 

Plant  Visit — 

Dance 

60 

functions 

Electrical 

(1) 

10 

Golf 

Tournament 

50 

nnia 

10 

Computers 

(1) 

70 

Engineering 

One  meeting  held 

12 

A course  of  8 Pro- 

' 

General 

(3) 

87 

Experience 

210 

with  C.I.C.  and 

f e s s i 0 n a 1 Develop- 

' 

Underwater 

(1) 

104 

Annual  Dinner 

one  with 

ment  lectures  on  com- 

Plant  Tour — 

Dance  and 

Michigan  Society 

puting  was  held.  En- 

; 

Chemical 

(1) 

74 

Presidential 

of  P.Eng. 

gineering  guidance 

Visit 

96 

Most  activities 

given  to  students  at 

Men’s  Stag 

41 

carried  out 

3 High  SohooL.  .A 

1 

Annual  Meeting 

83 

jointly  with 

student  prize  of  §40 

A.P.É.O. 

wîis  donated 

«il 

Lu  U-liewan 

See  Sections— 

9 

Prince  Albert 

Saskatoon 

Yorkton 

Regina 

Estevan 

<1  kutoon 

9 

Av<?rag(‘ 

Thi.s  Section  partiei- 

eel  ion 

Attendance 

80 

natwl  actively  with 

Engineering  students 

at  1 niversitv  of 

Sa.skatchewan 

'xll 

8 

Bridge 

(1) 

30 

.‘Vnmuil  Businc.ss 

Three  joint 

4 

Engima'ring  Wives 

■le.  Marie 

Electrical 

G) 

19 

Meeting 

18 

meeting.s  held 

.■\.s.s<>»'L‘ition  lield  one 

Harbour 

G) 

19 

General 

with  local 

iinvling 

Secret  arv’s 

.V.P.E.O.  Two 

Visit 

32 

were  ehaipsi 

; 

Survival  from 

bv  A.P  E.O. 

Nuclear 

Attacks 

24 

vIlMirj 

9 

Mech.'tnical 

G) 

13 

Annual  l.ji(lics' 

10 

.•\n  ■'Engini'cring  Slu- 

(’ivil 

(1) 

It) 

Night  and 

dent.'»'  C.arxM'r  Night" 

Industrial 

(n 

41 

President 's 

was  atlendi'al  bv  ap- 

Electri<-al 

(1) 

38 

Visit 

1 13 

pn>ximalelv  .V)  wnior 

Mining 

(1) 

130 

Ladies'  and 

.student.»  Vll  br.anrhe. 

Field  Trip 

(1) 

.58 

Guests'  Night 

73 

of  engineering  were 

Confederation 

30 

r e |i  r e s e n t e d b v 

1 

1 

1 

1 

1 

Branch  mi'mlM-r> 

) 

I 
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Brancli 

No.  of 
Meet- 
ings 

Technical  Meetings  Social  and  Other  Activities 

Joint  Meetings 

No.  of 
Execu- 
tive 
Meet- 
ings 

Other  Activities 

i 

1 

.( 

1 

-1 

( 

1 

1 

t 

f 

t*. 

i 

1 

i 

j 

1 

i 

f 

i! 

j 

1 

1 

i 

1 

i 

■I 

! 

Field 

Atten- 

dance 

Nature 

Atten- 

dance 

Swift  Current 

26 

Dinner  Meetings 

20 

Attendance  20  rl 
of  35  ! 

Toronto 

29 

Civil  (6) 

Power  (5) 

Electrical  (8) 

Management  (3) 
General  (2) 

Ladies’  Night 
(Dance) 
President’s 

Visit 

Field  Trips  (2) 
Confederation 
Annual  Meeting 

250 

100 

100 

60 

One  joint 
meeting  was 
held  with 
A.I.E.E.  and 
one  with 
A.S.M.E. 

9 

Three  active  Profj 

sional  Developme 
Groups.  Some  si 
dent  counselling  ac 
vities  are  carried  o 

Vancouver 

26 

Civil-Structural  (4) 
Management  (5) 
Natural 

Resources  (4) 
Mechanical  (7) 

General  (1) 

Field  Trips  (3) 

35 

25 

15 

25 

25 

75 

Salmon  Fishing 
Derby 

Annual  Meeting 

10 

49 

Four  joint 
meetings  with 

A.P.E.B.C. 

12 

The  Professional  E 
velopment  Activiti 
included  a series 
lectures  on  “Econor 
of  Canada”.  A St 
dents’  Night  Dinn 
was  held.  The  E.I. 
Vancouver  Bran 
Prize  of  $100  ai 
the  Walter  Mobei 
Memorial  Prize  of  $ 
were  awarded 
U.B.C.  Students 

Vancouver 

Island 

8 

Civil  (4) 

Management  (1) 

70 

30 

President’s 

Visit 

General 

Secretary’s 

Visit 

Confederation 

Lunch 

60 

54 

32 

Joint  meetings 
held  every  other 
month  with 
A.P.E.B.C. 

10 

$100  scholarship  giv 
the  most  active  e 
gineering  student 
Victoria  College.  T 
Engineers’  Wi\ 
have  been  active 

Whitby 

3 

General  (1) 

Industrial 

Safety  (1) 

12 

9 

Presentation  of 
Charter 

76 

Winnipeg 

32 

Civil  (7) 

Electrical  (6) 

Soils  (2) 

40 

44 

112 

Annual  Dance 
Electrical 

Section  Dance 
Spring  Wind-up 

350 

250 

166 

One  joint  meeting 
with  A.P.E.M. 
to  acquaint 
students  with 
functions  of  each 
organization 

10 

A Professional  D 
velopment  Sub-Coi 
mittee  was  set  up 
aid  Student  Sectio 
Three  summer  thef 
prizes  with  medf 
and  three  stude; 
papers  prizes  we 
presented 

York  ton 

Section 

26 

Of  special  interest 
was  the  annual 
meeting  of  the 
Saskatchewan 
Division  of  the 
American  Public 
Works  Associa- 
tion. 5 papers 
on  “Soil 

Cement” 

Yukon 

6 

Geology  _ (1) 

Transportation  (1) 
Engineering 

Law  (1) 

Civil  (1) 

18 

20 

10 

17 

Dinner 

Special 

Non- Affiliate 
Meeting 

20 

10 

2 

I 
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MEMBERSHIP  AND  FINANCIAL  STATEMENTS 
OF  THE  BRANCHES  AT  DECEMBER  31,  1961 


BRANCHES 

1 Amherst 

Baie  Comcau 

Belleville 

Border  Cities 

Brampton 

Brockvillo 

Calgary 

1 

1 Capo  Breton 

Central 

British  Columbia 

Chalk  Kiver 

Corner  Brook 

b 

9 

• 

C 

Ç 

c 

c 

MEMBERSHIP 

ambers 

1 

1 

1 

mbera 

4 

3 

8 

2 

15 

5 

9 

2 

8 

6 

24 

31 

50 

132 

24 

53 

556 

63 

39 

37 

31 

55 

97 

575 

« Mernbera 

8 

14 

16 

20 

6 

20 

102 

21 

10 

26 

10 

12 

62 

225 

{• 

9 

5 

9 

76 

6 

6 

91 

12 

30 

8 

19 

13 

152 

172 

^ 

4 

2 

2 

2 

1 

1 



45 

54 

80 

236 

36 

81 

767 

103 

89 

72 

60 

82 

319 

980 

.NCIAL  STATEMENT 

from  E.I.e.  Hq.  (1) 

81.80 

171.90 

173.55 

550.43 

100.00 

290.06 

328.08 

104.45 

114.97 

126.18 

126.30 

354.55 

522.54 

288.06 

incea  from  Prof.  Assns 

35.70 

1,615.03 

285.60 

1,925.41 

Affiliate  Dues 

351.00 

4.00 

20.00 

195.00 

468.00 

360.00 

129.15 

284.00 

90.00 

31.50 

84.89 

6.50 

101.75 

meous 

231.84 

615.00 

279.26 

1,217.97 

40.00 

1,474.00 

139.35 

68.00 

365.90 

439.70 

339.50 

Receipts 

349.34 

1,137.90 

456.81 

1,819.90 

100.00 

525.06 

2,496.00 

2,224.05 

244.12 

265.53 

194.30 

720.45 

1,252.74 

2.744.72 

mentfl 

: and  Communications  (2). . . 

7.27 

24.92 

51.28 

191.78 

88.00 

758.26 

21.98 

103.28 

40.91 

1.32 

41.83 

118.08 

417.76 

C Expenses  (3) 

287.19 

1,189.85 

295.30 

1,513.19 

299.90 

691.58 

2,036.90 

99.72 

225.86 

110.05 

748.92 

987.66 

1,013.70 

riuma  and  Stono  Services.  . , . 

43.25 

480.44 

4.45 

416.48 

ng  Expense  (4) 

14.25 

273.90 

itiona  (fi) 

4.00 

13.00 

36.00 

148.00 

56.00 

60.00 

5.00 

Expense 

18.79 

90.00 

04.10 

31.00 

57.99 

151.52 

8.00 

10.60 

4.00 

35.90 

25.05 

Oiaburaements 

294.46 

1,237.56 

450.83 

1,825.32 

455.80 

1,988.27 

2,358.40 

267.00 

281.82 

115.37 

790.75 

1.201.64 

2,151.89 



54.88 

5.08 

100.00 

69.26 

507.73 

78.93 

51.10 

592.83 

00.06 

5.42 

134.35 

22.88 

16.29 

70.30 

.. 

.. 

at  Deo.  31at,  lOflO 

150.40 

385.00 

134.53 

1,228.70 

311.16 

1,027.33 

411.89 

336..53 

134.81 

71.89 

472.17 

209.63 

2,618.59 

at  Deo.  31st,  10(11 

205.34 

285.34 

140.51 

1,223.28 

100.00 

380.42 

1,535.06 

277,54 

313.65 

118.52 

150.82 

401.87 

260.73 

3.211.42 

nil™  nil  rtilintcn,  wliptlicr  for  K.I.C.  or  Commonwonltli  (o™. 

Iiiil™  Knnnrnl  printing,  mroting  noticon,  nUilionory.  piuitnKo.  tclcphoni'  nnil  tolrgrnm». 

IiiiIm  rnntnl  of  rooinn,  projoctorn,  opcrntora,  aliifrn,  dinnora.  cntorluinnii'nl,  aocinl  fiinrtiona,  etc.  for  both  grnrnü 
apneiul. 

Iinl™  aiinnkrra,  cotincillora,  or  brnnrli  olTici'ra. 

Imita  nil  piiblimitiona. 


• Iilp  'I'olnit 


Totul 

Member* 

Mfe 

rnilMTr* 

\««cK'iale 

Mrmlw'rm 

Sludrn 

21, .UK) 

3,'. 

6H1 

1 1 .a.'vt 

4. or. 9 

.5.074 

' t'nknown 

202 

XI 

.50 

i:'< 

finnh  Mnmlirrs 

1 ,090 

10 

711 

•■V4 

S2 

Tatnl 

22,001 

4.5 

12.117 

4. .149 

.5,279 

\niliat™ 
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BRANCHES 


MEMBERSHIP 

Hon.  Members 

Life  Members 

Members 

Associate  Members 

Students 

Affiliates 

Total 

FINANCIAL  STATEMENT 

Receipts 

Rebates  from  E.I.C.  Hq.  (1) 

Remittances  from  Prof.  Assns 

Branch  Affiliate  Dues 

Interest 

Miscellaneous 

Total  Receipts 

disbursements 

Printing  and  Communications  (2) . . . 

Meeting  Expenses  (3) 

Honorariums  and  Steno  Services.  . , . 

Travelling  Expense  (4) 

Subscriptions  (5) 

Special  Expense 

Total  Disbursements 

Surplus 

Deficit 

Balance  at  Dec.  31st,  1960 

Balance  at  Dec.  31st,  1961 


Fredericton 

Halifax 

Hamilton 

Huronia 

Kingston 

Kitchener 

Kootenay 

j Lakehead 

1 

Lethbridge 

London 

Lower 

St.  Lawrence 

Moncton 

Montreal 

1 

1 

1 

1 

1 

8 

6 

23 

21 

2 

10 

8 

1 

5 

7 

11 

5 

173 

114 

402 

319 

32 

119 

104 

56 

83 

51 

167 

21 

74 

2,615 

86 

125 

88 

16 

81 

23 

19 

38 

21 

79 

18 

32 

980 

168 

191 

69 

15 

130 

90 

14 

14 

11 

171 

16 

52 

1,334 

2 

1 

1 

3 

1 

14 

375 

742 

499 

66 

341 

225 

91 

143 

91 

429 

55 

164 

5,124 

406.64 

465.42 

1,278.50 

205.18 

535.75 

575.18 

219.85 

289.10 

34.50 

668.32 

111.95 

284.30 

9,921.49 

972.40 

175.31 

102.00 

86.00 

39.25 

78.00 

107.55 

40.00 

18.00 

8.48 

12.71 

77.74 

8.27 

38.97 

290.00 

871,98 

1,090.69 

272.50 

278.75 

283.41 

390.53 

8.00 

1,202.73 

300.00 

551.94 

2,785.83 

1,287.10 

2,541.22 

1,458.24 

205.18 

894.25 

901.45 

581.26 

679.63 

325.36 

1,871.05 

411.95 

915.21 

13,015.32 

82.25 

470.41 

922.51 

15.55 

75.27 

40.62 

41.45 

76.94 

122.59 

475.09 

30.62 

30.96 

4,116.75 

1,036.37 

1.919.11 

475.79 

47.95 

579.17 

471.30 

593.61 

414.89 

72.64 

1,568.32 

293.75 

669.79 

5,069.38 

50.00 

180.00 

75.00 

11.54 

34.95 

40.13 

75.00 

50.00 

907.50 

50.00 

100.00 

75.00 

10.00 

303.40 

24.00 

28.15 

12.00 

8.00 

24.15 

19.36 

89.48 

265.47 

122.79 

73.50 

117.30 

76.95 

1.00 

10.00 

71.32 

2,311.08 

1,237.98 

2.759.00 

1,837.77 

75.04 

805.38 

630.37 

675.19 

621.13 

355.18 

2,347.81 

334.37 

846.22 

12,404,71 

49.12 

130.14 

88.87 

271.08 

58.50 

77.58 

68.99 

610.61 

217.78 

379.53 

93.93 

29.82 

476.76 

443.24 

1,178.63 

925.01 

361.36 

973.34 

448.64 

549.56 

62.08 

372.03 

985.94 

48.99 

997.31 

3,733.47 

492.36 

960.85 

545.48 

491.50 

1,062.21 

719.72 

455.63 

120.58 

342.21 

509.18 

126.57 

1,066.30 

4,344.08 

fl)  Includes  all  rebates,  whether  for  E.I.C.  or  Commonwealth  fees. 

(2)  Includes  general  printing,  meeting  notices,  stationery,  postage,  telephone  and  telegrams. 

(3)  Includes  rental  of  rooms,  projectors,  operators,  slides,  dinners,  entertainment,  social  functions,  etc.  for  both  general 
and  special. 

(4)  Includes  speakers,  councillors,  or  branch  officers. 

(.5)  Includes  all  publications. 
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BRANCHES 

Niagara  Peninsula 

Nipissing  and 

Upper  Ottawa 

North 

Eastern  Ontario 

1 

is 

c 

s E 

ït 

zz 

Northern 

Nova  Scotia 

North  Shore 

Lower  St.  Lawrence 

Oakville 

8 

is 

8 

0 

0 

u 

b 

6 

•5 

V 

U 

b 

Port  Hope 

1 

Ï 

■11 

MEMBERSHIP 

(embers 

1 

1 

3 

1 

2 

embers 

20 

1 

2 

2 

67 

10 

1 

1 

2 

21 

2 

r 

•tc  Members 

172 

48 

22 

33 

29 

55 

68 

627 

121 

75 

22 

20 

228 

46 

.52 

26 

9 

27 

8 

26 

9 

212 

17 

10 

5 

19 

110 

5 

34 

14 

11 

16 

23 

2 

7 

247 

16 

.5 

4 

39 

316 

16 

2 

1 

1 

2 

1 

281 

90 

42 

76 

63 

84 

86 

1.158 

165 

91 

32 

80 

677 

69 

\NCIAL  STATEMENT 

a from  E.I.C.  Hrj.  (1) 

726.42 

289.00 

130.75 

31..50 

51.60 

2.56.60 

295.70 

2,468.36 

445.01 

306.90 

115.20 

48.70 

740.25 

50.00 

unces  from  Prof.  Assns 

40.00 

96.90 

-AfTiliate  Dues 

20.00 

42.00 

t 

1.11 

.88 

16.24 

aneoua 

432.73 

511.62 

271.75 

692.16 

2.00 

1,8.50.70 

6.23 

13.85 

1 Receipts 

1,1.59.15 

820.62 

130.75 

344.36 

148..50 

948.76 

298.58 

4,335.30 

493.24 

306.90 

129.05 

48.70 

740.2.5 

50.00 

•menta 

R and  Communications  (2) . . . 

.341.44 

37.19 

37..55 

2.30 

38.08 

902.80 

40.26 

67.29 

162..56 

g Expenses  (3) 

535.8.5 

980.29 

63.6.5 

230..50 

681.88 

63.00 

2,408.24 

375.18 

.34.90 

143.38 

395.78 

21.33 

iriums  and  Steno  Services.  . . . 

81. .55 

100.00 

235.00 

200.00 

ing  Expense  (4) 

plions  (5) 

1.36.78 

8.00 

Expense 

55.4.5 

211. .50 

1.00 

125.00 

150.49 

2.00 

1.5.35 

4.00 

1 Disbursements 

1 ,095.62 

1,02.5.48 

119.10 

485.5.5 

2..30 

682.88 

101.08 

3,536.04 

.505.9.3 

104.19 

143.38 

235.00 

773.69 

25.33 

Ins 

It 

03..53 

204.86 

1 1 .65 

141.19 

1 16.20 

26.5.88 

197..50 

799.26 

72.69 

202.71 

14.33 

186.30 

33.44 

2-1.07 

’ at  Dec.  31x1.  lIHiO 

747..59 

.507.02 

100.56 

282.56 

291.05 

23.3.46 

44.24 

1 ,.30.5.0-1 

426.21 

, 

61.. 56 

(24.70) 

4. 58. 19 

e at  Dee.  31st,  lOtil 

811.12 

302.76 

112.21 

111.37 

•1.37.25 

499.34 

241.74 

2,iai..30 

3.53..52 

202.71 

47.23 

(211.001 

rJLT'i 

21  07 

lufloN  till  robiito»,  wholhor  for  or  (\>ninionwralth  fron. 

Itidrn  Bonoriil  printiriK.  nuticon,  Htutionrry,  pontUK''.  trlophont*  and  trlcRminn. 

ludnii  rmtnl  of  rooma.  projoctora.  oporalora.  aJidra.  «liniirra.  fntmftintnrnt,  aucinl  funrtiona,  etc.,  for  both  RrniTnl 
1 apaoinl. 

ludra  anciikora.  counoillora,  or  brunrh  oHirora. 

Indra  all  publirntir>na. 
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BRANCHES 

Saguenay 

Saint  John 

St.  Maurice  Valley 

Sarnia 

Saskatchewan 

Sault  Ste.  Marie 

Sudbury 

Toronto 

1 Vancouver 

Vancouver  Island 

Whitby 

bfi 

s 

A 

fl 

a 

g 

MEMBERSHIP 

Hon.  Members 

2 

5 

2 

1 

1 

Life  Members 

1 

6 

4 

1 

11 

3 

2 

84 

39 

38 

2 

25 

Members 

134 

88 

124 

138 

776 

34 

71 

1,208 

555 

127 

45 

494  ! 

Associate  Members 

56 

54 

63 

23 

281 

13 

24 

367 

151 

28 

11 

252  jj 

Students 

31 

25 

71 

14 

216 

8 

15 

243 

280 

60 

8 

341 

Affiliates 

1 

3 

7 

3 

1 

2 

Total 

222 

174 

262 

176 

1,286 

58 

115 

1,914 

1,030 

255 

66 

1,115  ■ 

FINANCIAL  STATEMENT 

^Receipts 

i 

Rebates  from  E.I.C.  Hq.  (1) 

693.76 

275.83 

454.40 

521.96 

171.00 

212.68 

569.57 

5,108.69 

2,232,10 

518.61 

50.00 

507.33 

Remittances  from  Prof.  Assns 

53.80 

16.50 

1,578.86 

8.00 

1,208.60 

Branch  Affiliate  Dues 

76.00 

4.00 

27.00 

84.50 

20.00 

224.00 

Interest 

5.18 

11.33 

84.71 

47.20 

125.25 

Miscellaneous 

1,377.91 

1,469.07 

236.50 

70.41 

22.58 

1,517.45 

2,585.56 

260.46 

74.25 

Total  Receipts 

2,130.65 

1,820.90 

690.90 

624.20 

1,749.86 

270.26 

2,171.52 

7,798.96 

2,539.76 

518.61 

50.00 

2,139.43  1 

Disbursements 

Printing  and  Communications  (2) . . . 

88.85 

172.99 

219.90 

275.68 

13.80 

263.80 

2,044.76 

1,282,82 

89.25 

9.76 

1,124.01 

Meeting  Expenses  (3) 

1,625.70 

1,842.44 

696.34 

158.40 

460.62 

60.74 

1,829.99 

2,908.95 

1,196.52 

171.54 

27.20 

354.05  1 

Honorariums  and  Steno  Services.  . . . 

60.00 

40.00 

111.73 

450.00 

50.00 

50.00 

225.00 

146.19 

56.00 

370.25 

Travelling  Expense  (4) 

10.00 

198.60 

392.56 

18.65 

150.00 

63.70 

Subscriptions  (5) 

16.30 

32.00 

60.00 

237.00 

Special  Expense 

38.00 

5.15 

5.00 

2,000.00 

17.09 

20.00 

689.28 

100.00 

120.87 

136.79 

Total  Disbursements 

1.812.55 

2,076.88 

931.24 

468.73 

3,578.86 

141.63 

2,214.44 

6,017.99 

2,849.23 

437.66 

36.96 

2,222.10  1 

Surplus 

318.10 

155.47 

128.63 

1,780.97 

80.95 

13.04 

Deficit 

255.98 

240.34 

1,829.00 

42.92 

309.47 

82.67 

Balance  at  Dec.  3Ist,  1960 

757.91 

841.54 

238.18 

992.84 

2,461.89 

268.12 

364.93 

4,146.76 

2,405.67 

172.03 

705.94  2 

Balance  at  Dec.  31st,  1961 

1,076.01 

585.56 

(2.16) 

1,148.31 

632.89 

396.75 

322.01 

5,927.73 

2,096.20 

252.98 

13.04 

623.27  2 

(1)  Includes  all  rebates,  whether  for  E.I.C.  or  Commonwealth  fees. 

(2)  Includes  general  printing,  meeting  notices,  stationery,  postage,  telephone  and  telegrams. 

(3)  Includes  rental  of  rooms,  projectors,  operators,  slides,  dinners,  entertainment,  social  functions,  etc.  for  both  general 
and  special. 

(4)  Includes  speakers,  councillors,  or  branch  officers. 

(5)  Includes  all  publications. 
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New  way  to  restore  old  drawings! 


New  Kodagraph  Contact  Film,  Estar  Base,  trans- 
forms old,  soiled,  or  weak-lined  drawings  into 
top-quality  intermediates  which  will  stand  up 
under  punishment  in  print-making  machines 
and  on  drafting  boards. 

Iloimd  lo  l)c  a lavoriic  in  daikioom  as  well 
as  draldni;  loom,  diis  new  Kodai’i  apii  (loii- 
l.icl  I'iliii  lets  you  produci’  .samc-si/r  intci- 
nicdialcs  willi  new  coiucnicncf.  SiiiipK 
expose  with  lou-eosi  pa  pee  nei;ali\'e  (oi-  liltn 
nenalive)  in  standaid  eontael  |)iinlei'.  I’lo- 
eess  widi  eillier  paper  or  lidio  developei'. 
I'.xeeplionally  wide  lalilude  in  e\po''nre 
and  des'elopmeni  all  dnl  ends  make-overs. 

See  this  new  Kod,H;r.ipli  I ilm  .md  die 
odiei's  in  die  new  l.sl.ii  li.iseline:  I\od.n>r.i pli 
.\nlopoNiii\-e  I'ilin,  Kod.n'r.i|)h  I’rojei  lion 
I'ilm. 


.All  combine  reliable  Kodak  emulsions  on  die 
new'  Ksiar  Masc  liis^lily  translucent,  durable, 
and  dimensionally  stable,  with  excellent  matte 
surface  on  both  sitlcs  lor  easy  drafting.  .Avail- 
able in  standard  drawing  slieet  sizes  aiul  in 
rolls  up  to  5Ü  inches  widi\  (kill  yuir  loe.d 
Kod.igi  aph  I )ealer,  or  w rite  (km.idi.m  Kod.ik 
(lo..  Limited,  Loronto  1”).  ( )nt.uio. 


REPRODUCTION  FILMS 

...  for  best  line- for -line 
reproduction 
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Library  Notes 


Prepared  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 

A GUIDE  TO  FORTRAN  PROGRAMMING. 

For  tho.se  wanting  to  use  computers  in 
the  solution  of  problems  in  science  and 
engineering,  this  guide  shows  how  by 
using  Fortran  (Formula  Translation)  it 
is  not  necessary  to  learn  all  the  details 
of  computer  operation.  It  was  developed 
primarily  for  the  IBM  704,  but  can  be 
used  for  other  computers  also.  The  book 
covers  arithmetic  .statements,  input  and 
output  statements,  transfer  of  control, 
subscripted  variables,  the  Do  statement, 
and  functions  and  specification  state- 
ments. A final  chapter  outlines  eight 
.specific  ca.ses  of  FORTRAN  ruse.  (D.  D. 
McCracken.  New  York,  Wiley,  1961. 
8Sp.,  $2.9,5.) 

‘’plastic  flow  and  fracture 
IN  SOLIDS. 

A study  of  the  propagation,  growth, 
and  decay  of  discontinuities  in  solids, 
including  tlie  theory  of  characteristic 
surfaces  and  the  spread  of  plastic  into 
elastic  regions.  Individual  chapters  cover 
basic  invariants  in  the  mechanics  of 
continuous  media,  equations  of  continu- 
ity and  motion,  conditions  of  compati- 
bility, waves  in  elastic  media,  perfectly 
plastic  solids,  equilibrium  theory  of 
Luders  bands,  characteristic  surfaces  and 
wave  propagation,  and  instability  and 
fracture.  (T.  Y.  Thomas.  New  York, 
Academic,  1961.  267p.,  $8. ,50.) 

“’simplified  MECHANICS  AND  STRENGTH 
OF  MATERIALS,  2nD.  ED. 

An  elementary  work  which  provides 
basic  information  in  the  field  of  me- 
cbanics  and  strength  of  materials.  Using 
a minimum  of  advanced  mathematics,  a 
large  portion  of  this  book  is  devoted  to 
illustrative  examples  of  a practical  nature. 
Besides  changes  in  working  stresses, 
certain  additions  have  been  made  in  this 
edition.  They  include  the  investigation  of 
reactions,  shear,  and  bending  moments 
for  continuous  beams  with  concentrated 
loads;  the  use  of  structural  aluminum; 
the  design  of  solid  wood  columns  to 
conform  with  current  building-code  re- 
quirements; the  design  of  spaced  col- 
umns; and  the  use  of  high  strength  bolts. 
(Harry  Parker.  New  York,  Wiley,  1961 
28,5p.,  $6.75.) 


NUMERICAL  METHODS  FOR  HIGH  SPEED 
COMPUTERS. 

In  order  to  make  the  most  effective 
use  of  high  speed  electronic  computers, 
it  is  often  necessary  to  develop  new 
methods  of  solving  complicated  prob- 
lems, to  replace  the  traditional  mathe- 
matical methods.  The  author,  in  charge 
of  the  Digital  Computer  Group  at  the 
U.K.  Atomic  Energy  Establishment  has 
collected  these  new  methods,  which  are 
applicable  to  most  modern  computers. 
The  first  two  chapters  discuss  numeri- 
cal methods  and  the  related  problems, 
and  methods  for  evaluating  functions. 
The  next  three  chapters  discuss  prob- 
lems which  can  be  solved  as  ordinary 
differential  equations,  as  partial  differ- 
ential equations,  and  by  matrix  methods. 
A final  chapter  covers  various  miscel- 
laneous methods.  There  is  a useful  bib- 
liography. (G.  N.  Lance.  Toronto,  British 
Book,  1960,  166p.,  $9.50.) 


® SCIENCE  IN  SPACE. 

The  achievements  of  space  science 
from  the  launching  of  the  first  Soviet 
Sputnik  to  the  present  time  are  reviewed. 
Coverage  is  given  to  rocket  research  in 
the  upper  atmosphere,  how  space 
vehicles  can  increase  man’s  knowledge  of 
the  Earth,  experiments  using  space 
vehicles,  prospects  of  life  beyond  the 
Earth,  the  use  of  earth  satellites  for 
weather  forecasting,  and  the  problem  of 
backward  and  forward  contamination. 
In  addition  electromagnetic  fields,  par- 
ticles, and  radiations  in  interplanetary 
space,  auroral  theory,  and  the  magnetic 
fields  of  Earth,  sun  and  space  are  dis- 
cussed. (Ed.  L.  V.  Berkner  and  Hugh 
Odishaw,  Toronto,  McGraw-Hill,  1961. 
458p.,  $8.00.) 


THE  ENGINEERING 
INSTITUTE  LIBRARY 
The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library,  and  may  be  borrowed 
by  members  of  the  Institute.  Two 
items  may  be  borrowed  at  one 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.m.;  Saturdays: 
9 a.m.  to  12  noon.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mansfield 
Street,  Montreal. 


FREQUENCY  MODULATION  THEORY:  ! 

APPLICATION  TO  MICROWAVE  LINKS. 

The  authors,  both  with  the  Frencl 
Compagnie  Générale  de  T.S.F.,  have  ii 
this  volume  collected  a great  deal  of  in 
formation  on  frequency  modulatioi 
theory  and  radio  beams  which  previoush 
was  scattered  throughout  the  literature! 

The  first  section  is  concerned  witi 
wave  propagation,  including  frequenc 
curves  and  results  for  optical  paths  am 
transmissions  beyond  the  horizon.  Till 
second  section  discusses  the  fundamental 
concepts  of  frequency  modulated  system;! 
and  the  distortion  and  noise  probleirj 
The  three  remaining  parts  cover  propa| 
gation  distortion,  the  transmission  b[ 
radio  beams  of  multiplex  telephonic  oj 
television  programme  signals,  and  th, 
equipment  required  for  microwave  lin: 
transmission.  Bibliographies  are  includeif 
in  each  section.  (Jacques  Fagot  am, 
Philippe  Magne.  London,  Pergamor 
1961.  488p.,  $15.00.)  ' 

I 

®ELECTRICAL  ESTIMATING,  3rD.  ED.  j 

This  volume  ranges  in  its  coveragi 
from  the  selection  and  training  of  elec 
trical  estimators  to  the  proper  use  o 
estimating  tools,  the  cost  of  preliminar 
estimates,  and  the  preparation  of  fini 
bid  shuts.  Included  are  sample  estimate;} 
methods  of  checking  estimates,  and  thj 
preparation  of  labor-cost  units.  It  alsj 
shows  how  to  figure  markups,  and  prej 
vides  information  useful  in  solving  probl 
lems  relating  to  appraisal,  cost  account  ; 
ing,  and  job  scheduling.  (Ray  Ashlejj 
Toronto,  McGraw-Hill,  1961.  437pi 

$11.50.) 

* THEORY  OF  HYDRODYNAMIC 
LUBRICATION.  ’ } 

By  applying  the  general  principles  o', 
fluicl  flow  to  bearing  operation,  th} 
authors  formulate  the  differential  equa 
tions  of  lubrication,  including  energ; 
and  elasticity  considerations.  They  pre 
sent  techniques  for  solving  these  equa 
tions  either  analytically  or  by  analog  an(| 
digital  computers.  These  equations  prej 
vicie  a basis  for  the  design  and  solutioij 
of  spécifié  bearing  problems.  Severa 
topics  are  presented  for  the  first  tinij 
such  as  hydrodynamic  instability,  hydr0| 
dynamics  of  rolling  elements,  innertij 
and  turbulence  effeets,  non-Newtomai; 
fluids,  and  an  extension  of  the  classicaj 
theory.  (Oscar  Pinkus  and  Beno  Sternj 
light.  Toronto,  McGraw-Hill,  196]- 
465p.,  $17.25.)  I 

(Continued  on  page  162)  | 
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{Eastern  Townships 

J.  P.  Champagne,  m.e.i.c. 

^Correspondent 

I On  the  evening  of  February  23,  the 
Branch  was  host  to  the  President  of  the 
Corporation  of  Professional  Engineers  of 
Quebec,  Arnold  J.  Groleau.  Mr.  Groleau 
'liscussed  at  length  various  topies  such 
us  Confederation,  the  salaried  engineer, 
he  practice  of  engineering  by  limited 
■ompanics  and  a new  bill  to  he  presented 

0 the  Quebee  legi.slature.  An  animated 
juestion-and-answer  period  followed  the 
alk.  Some  60  engineers  and  students 
rom  the  University  of  Sherbrooke  par- 
:icipated  in  this  even.  Earlier  in  the  day, 
vlr.  Groleau  visited  the  Faculty  of 
iicicnccs  to  preside  at  the  ritual  of  the 

ailing  of  an  engineer  where  some  39 
Undents  were  admitted  to  the  Corpora- 
ion. 

Eslevan  Section 

i!).  P.  Lcsiuk,  M.E.I.C. 

'lorrespondent 

J.  Stephenson,  Superintendent  of  the 
lonndary  Dam  Generating  Station,  Este- 
au, Sask.,  in  his  talk  to  the  Branch’s 
■'ehrnary  13  meeting,  discussed  how  the 
ilemand  for  electrical  power  in  Sas- 
iaitchewan  is  met  by  the  addition  of 
|)owcr  generating  facilities.  He  also  dis- 
■iissed  the  technical  difficulties  encoun- 
ered  at  the  Boundary  Dam  Generating 
station,  and  the  methods  by  which  they 
ire  being  solved.  Mr.  Stephenson  was 
iissisted  in  his  addre.ss  by  B(ut  Hamilton, 
;.n  <-nginecr  at  the  Boundary  Dam. 

1 Members  of  the  Branch  voted  in  favor 
if  an  annual  award  scholarship  to  be; 
ireseiited  to  a graduating  student  from 
'istevan  Collegiate  entering  Engiiuxning. 
ii'lie  cfrnditions  governing  the  award  were 
jliscnssed.  I'ingineers  from  the  Branch 
|vonl(l  speak  to  students  at  Estewan 
pollegiate  regarding  opportunities’  in 
'.iigineering. 

C,  IJrsenbaeh,  Chairman  of  the  Branch 
.as  si'Ieeted  to  represent  the  members 
■I  the  annual  meeting  ol  the  A.I’.E.S. 
II  I'Vhrnary  23  in  Begina.  An  ollieers’ 
leeling  was  held  February  M at  which 
speaker  e.xplained  the  eligibility  ol 
■chiiieians  in  the  A.IMC.S.  An  address 
■■'.ariling  Fngineering  careers  was  given 

I grade  .\ll  stndenis  by  K.  de  Jong. 

.ondori 

\ . I ..  I'hompson,  m.i:.!.*:. 
orri\]H»idi-Hl 

Ihiily  members  attended  th  |.inn.ny 
(i  meeting  of  tlie  Branch,  A very  inler- 
'ling  t.ilk  on  'I’ralfie  Fngineeiing  was 
lesented  hy  John  B.  Grosby,  head  ol 

II  liallie  engineering  depailment  .it 
I M Itillon  and  Company  on  ’I'oKmlo. 
It  (Inisby  outlined  an  I'stensive  pro 
i.im  ol  sniveys  and  studies  being  used 
' improve  street  mid  liii'Jivv.iv  lonles 
id  s.iletv'.  lie  s.iid  researeb  is  now 
iidei  w.iv  to  lelieve  the  inotoi  veliiele 
Iivei  ol  some  ol  the  problems  ol  dliv 
'i;  I liese  i.nige  lioiii  seeiniiie.lv  snn|ile 
,'liilions  ol  st.md.irdi/ing  ol  the  posi 

’ll  ol  t.iil.  stop  and  tinn  sign.ils  to  .i 
jiiiiplev  Veliiele  I'.iiid.mee  svstem  wliieli 
[lilies  III,,  veliiele  as  il  it  vveie  on  .i 


fixed  rail  network.  Mr.  Crosby  said 
that  convenient  and  economic  transpor- 
tation was  not  necessarily  synonymous 
with  safe  transportation.  There  is  a 
certain  amount  of  risk  in  all  forms  of 
traffic  operations  as  we  know  them  to- 
day, but  we  can  take  heart  in  the 
advances  made  in  automotive  transpor- 
tation since  its  advent  at  the  turn  of  the 
century.  Without  these  advances,  he 
said,  the  annual  death,  injury  and  prop- 
erty damage  toll  would  have  been  .several 
times  higher.  He  said  that  safety-expert 
warnings  of  increased  accident  rates 
were  true,  but  “during  the  last  25  years, 
the  accident  fretiuency  has  declined 
steadily”.  A question-and-answer  period 
followed  this  talk. 

On  Friday,  February  16,  the  Branch 
co-sponsored  a dinner  dance  at  the  Hotel 


London.  Some  200  guests  attended. 
Following  a reception  where  guests  were 
received  by  G.  T.  Fenwick,  Ghairman  of 
the  Branch,  and  Mrs.  Fenwick,  and  K. 
Glawson,  Chairman  of  the  A.P.E.C. 
Branch,  and  Mrs.  Clawson,  dinner  was 
served  and  dancing  was  enjoyed  for 
the  remainder  of  the  evening. 

On  February  20,  a joint  meeting  of 
the  American  Institute  of  Electrical 
Engineers  and  the  Branch  was  held  at 
the  Reserve  Officers’  Mess,  Wolseley 
Barracks,  and  was  attended  by  some  80 
members.  The  guest  speaker  vv'as  H.  Lee 
Briggs,  member  of  the  National  Energy 
Board,  Ottawa.  He  presented  an  illus- 
trated lecture  entitled  “Economics  of 
Long  Distance  Direct  Current  Trans- 
mission”. 

(Continued  on  page  15H) 
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Published  by  Chart-Pak,  Inc., originator  of  the  tape  method  of  drafting 


I PLANT  LAYOUTS  “TAPE  UP”  EASILY  WITH  CHART- PAK 


With  Chart-Pak,  you  no  longer  draw  every 
line,  bar,  shape  and  symbol  in  plant 
layouts,  drawings  and  other  visual 
presentations.  You  get  these  elements  pre- 
printed on  pressure-sensitive  tapes  and 
sheets  — just  press  them  down. 


Write  for  catalog 
of  materials  that 
take  drudgery 
out  of  drafting! 


In  short  order,  you  have  an  accurate 
layout,  ready  for  sparkling-clean 
reproduction. 

Chart-Pak  is  easily  changed,  too  — yet 
won't  come  off  by  mistake,  even  in  hot 
reproduction  machines. 

“Instant”  symbols  simplify 
printed  circuit  drawings 

Chart-Pak  printed  circuit  symbols  help 
make  accurate  master  drawings  faster  and 
easier.  Terminal  circles,  ovals,  fillets,  etc., 
pre-cut  from  black  crepe  paper,  press  on. 
Chart-Pak  tapes  make  connector  paths 
accurate  within  -*-.002". 


CHART-PAK,  INC.  I 


ORIGINATOR  OF  THE  TAPE  METHOD  OF  DRAFTING 


233  RIVER  ROAD,  LEEDS.  MASSACHUSETTS 
Dealers  In  principal  cities  in  U.S.  and  Canada. 


D I STR  I B 

Calgary,  Alberta 
Riley’s  Reproductions,  Ltd. 
Edmonton,  Alberta 
Riley's  Reproductions,  Ltd. 
Hamilton,  Ontario 
Rapid  Blue  Print  Company  Ltd. 
Montreal  28,  Quebec 
Allan  Singer,  Ltd. 

Ottawa  3,  Ontario 
H.  G.  Barter  & Sons,  Ltd. 


UTE  D BY 

Regina,  Saskatchewan 
Riley's  Reproductions.  Ltd. 
Saint  John,  New  Brunswick 
Eastward  Industries,  Ltd 
Sudbury.  Ontario 
H.  G.  Barter  & Sons.  Ltd. 
Toronto,  Ontario 
Rapid  Blue  Print  Com; -•  y Lf« 
Vancouver,  British  Columbia 
Rilcy’i-  of  V.  .'iiv  I 1 


ixciusivr 

■TArr  sAviA ■■ 
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Winnipeg,  Manitoba 
W.  J.  Dirk  & Company,  Ltd. 
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Business  and  Industrial  Briefs 


L.  F.  Kilmarx  lias  been  appointed  to  the 
newly  created  position  of  regional  mana- 
ger of  the  Ontario  district  of  Air  Reduc- 
tion Canada  Ltd.  This  position  was 
created  for  better  co-ordination  of  the 
marketing  activities  of  Airco’s  Welding 
and  Carbon  Dioxide  operations.  Mr.  Kil- 
marx brings  to  his  new  position  a wide 
experience  gained  from  long  association 
with  Air  Reduction  in  the  United  States 
and  extensive  knowledge  of  the  metal 
working  and  gas  fields.  Until  his  recent 
appointment,  he  was  a management  con- 
sultant. 

John  D.  Leitch,  Chairman,  Maple  Leaf 
Mills  Limited,  has  been  appointed  to  the 
Roard  of  Directors  of  Massey-Ferguson 
Limited.  Lawrence  H.  Pomeroy  has  been 
appointed  director  of  marketing  for 
Massey  - Ferguson’s  North  American 
Operations.  Mr.  Pomeroy,  who  held  a 
similar  post  in  the  company’s  United 
Kingdom  Operations,  succeeds  George 
S.  Gordon,  who  has  been  on  special 
assignment  as  director  marketing.  North 
America,  and  now  returns  to  the  com- 
pany’s world-wide  marketing  office  in 
Toronto. 

L.  S.  Todd  has  been  appointed  central 
region  manager  of  I-T-E  Circuit  Break- 
er (Canada)  Limited,  Port  Credit,  Ont. 
Mr.  Todd,  a graduate  of  the  University  of 
Toronto,  has  had  wide  experience  in  the 
electrical  field  and  will  be  responsible 
for  the  sale  of  the  complete  line  of  elec- 
trical equipment  manufactured  by  the 
company’s  Eastern  Power  Devices  Divi- 
sion and  Bulldog  Electric  Products  Divi- 
sion. 

R.  S.  Dudley  has  been  appointed  mana- 
ger of  special  projects  at  the  Polymer 
Corporation  Limited  in  Sarnia.  Mr.  Dud- 
ley joined  Polymer  as  a product  engineer 
in  the  Copolymer  Plant  in  1951  after 
graduating  from  U.B.C.,  and  became  a 
process  design  engineer  in  1953.  In  1955 
he  was  promoted  to  supervisor  of  the 
product  development  section.  In  1959 
he  became  supervisor  of  die  process  con- 
trol section  of  the  rubber  department  and 
remained  in  that  position  for  two  years. 
Until  his  recent  appointment,  he  was 
in  the  products  and  development  depart- 
ment of  economics  and  development. 


I 


Appointments  and  Transfers 


George  M.  Bailey  has  been  appointed 
general  manager  of  the  Canadian  Divi- 
sion of  the  Yale  & Towne  Manufacturing 
Company  in  St.  Catharines,  Ont.  Mr. 
Bailey  has  had  wide  experience  in  the 
company’s  production  and  marketing  op- 
erations since  he  joined  the  company  in 
1947  as  business  manager  of  its  former 
appliance  division.  Since  1953  he  has 
been  executive  assistant  to  L.  J.  Pantas, 
vice-president  of  lock  and  hardware  in 
the  United  States. 

The  Abitibi  Corporation  has  announced 
the  appointment  of  Alan  B.  Cook  as  vice- 
president  of  Sales  with  headquarters  at 
Detroit.  Mr.  Cook  was  formerly  general 
sales  manager  and  is  a member  of  the 
Corporation’s  Board  of  Directors. 

A.  J.  Hutcheon  has  been  appointed  prod- 
uct manager,  frequency  control  quartz 
crystals,  at  Philips  Electronic  Equipment 
Ltd.,  Toronto.  Mr.  Hutcheon,  who  is  also 
product  manager,  electronic  components, 
has  been  with  Philips  for  a number  of 
years.  Before  joining  Philips,  he  was 
chief  engineer  in  charge  of  design  and 
application  engineering  at  Ward  Leonard 
of  Canada  Ltd.,  and  before  that,  assistant 
chief  engineer  with  Canadian  Line  Ma- 
terials Ltd. 

C.  F.  Way  has  been  appointed  sales 
manager,  data  processing  systems  at  Bur- 
roughs Bu.siness  Machines  Ltd.  Mr.  Way 
joined  Burroughs  in  1953  as  a sales 
representative  in  Vancouver.  In  1956  he 
became  zone  manager  and  1958  manager 
of  the  company’s  branch  in  Regina,  Sask. 


Irwin  H.  Groom  has  been  appointed  gei' 
eral  manager  of  Dominion  Tar’s  subsid 
iary,  Sifto  Salt  Limited.  Mr.  Groo; 
joined  the  company  two  years  ago  and 
a marketing  specialist.  He  had  previous 
spent  14  years  in  chemical  sales  ar 
marketing  work  following  his  graduatic 
from  McGill.  Walter  R.  Lawson  becomi 
development  director  for  a group  of  D(. 
minion  Tar’s  chemical  companies.  The: 
include  Sifto  Salt  Limited;  Canada  Cr 
osoting  Co.,  Ltd.;  Chemical  Develo] 
ments  of  Canada  Limited;  the  Coal  T; 
Products  Division  and  the  Lime  Divisio: 
In  his  new  position,  Mr.  Lawson  will  1 
responsible  for  developing  new  processe 
products,  enterprises  and  markets  in  tl 
chemicals  field.  He  joined  Dominion  T; 
in  1945. 

William  D.  Davidson,  a principal  wil 
the  Payne-Ross  Limited,  managemei 
consultants,  has  been  appointed  associai 
director  of  the  company’s  Ontario  div 
sion  with  headquarters  in  Toronto.  M 
Davidson’s  business  experience  includi 
10  years  in  industrial  engineering  ar 
financial  analysis  with  York  Gears  Ltd 
Philips  Electronics  Industries  Ltd.  an 
Massey-Ferguson  Ltd.  In  addition,  he  hi 
had  wide  experience  in  both  industri 
and  municipal  organizations  throughoi 
Canada. 

C.  H.  Swanson  has  been  appointed  assis 
ant  vice-president  and  manager  of  puj 
duction  at  the  Josam  Products  Limite 
in  Toronto,  Ont.  Mr.  Swanson  has  beel 
with  the  Company  for  23  years.  ! 


i 

Developments 

Information  contained  in  this  section  has  been  obtained  from  press  released 


Mention  of  products  and  services  does 

CANADIAN  INDUSTRIES  LIMITED 
has  announced  the  construction  of  a 
plant  to  manufacture  liquid  mercurial 
seed-treatments  and  related  products  at 
the  C-I-L  works  at  Calgary.  The  new 
plant,  situated  where  suitable  land,  serv- 
ices, technical  facilities  and  supervision 
are  already  available,  will  be  in  opera- 
tion by  autumn,  1962. 


not  imply  endorsement  by  the  InstitutA 

THE  SCARBOROUGH  PLANT  (! 
Honeywell  Controls  has  announced  thi 
addition  of  43,040  square  feet  to  ilj 
facilities.  Construction  is  to  begin  i; 
April  with  completion  scheduled  fc' 
early  August.  This  addition  brings  th 
total  area  occupied  by  the  Scarborough 
plant  to  191,040  sq.  ft. 

(Continued  on  page  163) 
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lie  ER8,  humanized  in  Boris  Artzybasheff’s  unique  style,  is  the  newest 
! a long  series  of  heavy-duty,  two-stage,  water-cooled  industrial 
r compressors.  It  delivers  2290  cfm  at  100  psi  at  its  maximum  rating 
t514  rpm.  At  450  rpm,  its  2020  cfm  for  363  shaft  hp  gives  18  hp  per 
1l  cfm.  This  is  probably  a higher  efficiency  than  that  of  any  equiva- 
I't  machine  available  in  Canada  today. 


Since  1952,  about  300  Canadian  companies  have 
installed  more  than  500  Atlas  Copco  stationary 
compressors  from  1 to  600  hp.  This  points  up  the 
double  fact  that  they  are  good  machines  and 
that  Atlas  Copco  is  a good  firm  to  deal  with. 
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FOR  PROFIT’S  SAKE,  GET  A QUOTE  FROM  COPCO 

Atlat  Copco  Canada  Ltd.  745  Montroal-Toronto  Blvd.,  Dorval,  P.Q. 

Branches  <t  representatives  coast  to  coast. 


JliiasCopcc 


puts  comprossod  air  to  work 
for  tho  world 
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(Continued  from  page  155) 

Niagara  Peninsula 

B.  H.  Chick,  M.E.i.c. 

Correspondent 

A.  E.  Berry,  general  manager,  Ontario 
Water  Resources  Commission,  was  the 
guest  speaker  at  a meeting  lield  in  St. 
Catliarines  on  February  20.  Appro.xi- 
mately  100  engineers  heard  Mr.  Berry’s 
talk  on  Water  Resources  management  in 
Ontario. 

On  January  18,  in  Welland,  Dr. 
K.  F.  Tupper,  Hon.  m.e.i.c.,  President, 
Ewbank,  Tupper  Associates  Ltd.,  pre- 
sented his  paper  dealing  with  the  Na- 
tional Aeronautics  Establishment’s  Wind 
Tunnel  which  appeared  in  the  August 
1961  issue  of  the  Engineering  Journal. 
Dr.  Tupper  was  assisted  by  P.  B.  Dil- 
worth,  M.E.I.C.,  President,  Dilworth, 
Secord,  Meagher  and  Associates,  and 
by  1,.  A.  Jenkins,  m.e.i.c.,  project  engi- 
neer for  the  electrical  aspects  of  the 
wind  tunnel. 

P.  G.  Wilson,  technical  field  represen- 
tative for  the  Plywood  Manufacturers 
Association  of  British  Columbia,  was  the 
guest  speaker  at  the  Branch’s  December 
14,  1961  meeting  in  St.  Catharines.  He 
discussed  the  physical  properties,  design 
characteristics  and  special  applications  of 
laminated  fir  plywood  as  a construction 
material. 

November  10,  1961,  was  tlie  date  of  a 
visit  by  President  Ballard  who  discussed 
Confederation  at  the  general  meeting  of 
the  Branch.  Dr.  and  Mrs.  Ballard  were 
entertained  at  a dinner  given  by  the 
Branch  executive. 

During  October  1961,  the  Branch  held 


a tour  through  the  Page  Hersey  Tubes 
Limited  plant  in  Welland,  Ont. 

Nipissing  and  Upper  Ottawa 

J.  S.  Cooper,  m.e.i.c. 

Correspondent 

The  Branch  held  a dinner  meeting 
February  14  at  White  Oaks  Inn  where 
the  guest  speaker  was  C.  H.  Cunning- 
ham, District  Superintendent,  Trans- 
Canada  Pipe  Lines  Ltd.,  North  Bay,  Ont. 
Mr.  Cunningham  was  introduced  by 
J.  W.  Millar,  and  began  with  a brief 
introduction  to  the  film,  “Natural  Gas 
Goes  East”.  This  full  color  film  illus- 
trated vividly  the  construction  of  the 
Trans-Ganada  Natural  Gas  Pipe  Line 
from  the  Saskatchewan-Manitoba  boun- 
dary to  Southern  Ontario.  This  line  is 
2290  miles  long  and  was  completed 
in  about  two  years  at  a cost  of 
$375,000,000.  There  are  184  water  cross- 
ings and  530  miles  of  rock  excavation 
through  Northern  Ontario’s  Pre-Gam- 
brian  Shield.  A 45-minute  question 
period  followed  the  showing  of  this 
film,  and  Mr.  Gunningham  was  thanked 
by  J.  Rosborough,  of  Temiskaming. 

The  Branch  members  will  sponsor  a 
dinner  and  meeting  at  Students’  Night 
March  7.  The  guest  speaker  will  be 
R.  L.  Beck,  of  Ganadian  General  Electric 
Go.,  Ltd.,  whose  subject  will  be,  “The 
Fuel  Gell”. 

Quebec 

Rene  Rioux,  m.e.i.c. 

Correspondent 

Le  14  février,  à l’occasion  de  la 
semaine  nationale  de  l’électricité,  le 
chapitre  de  Québec  de  l’Institut  Gana- 


dien  des  Ingénieurs,  conjointment  avecj 
l’American  Institute  of  Electrical  EngiJ 
neers,  présentait  à ses  membres,  à lan 
nouvelle  faculté  des  sciences  de  la  Cit^ 
Universitaire,  2 conférenciers.  I 

M.  T.  Wildi  fit  part  à son  auditoin™ 
du  nouveau  curriculum  du  département 
de  génie  électrique  de  l’Université  Laval, 

M.  Oscar  Dorval,  m.e.i.c.,  traita  d4: 
certains  aspects  électriques  des  nouveau)' 
pavillons  de  la  faculté  des  sciences.  i 

La  soirée  s’est  terminée  par  un  visitd. 
des  nouveaux  édifices,  sous  la  directioijL 
de  M.  Dorval  qui  nous  a fourni  tous  leH 
renseignements  nécessaires  sur  les  instal-ji 
lations  mécaniques  et  électriques  donj  ' 
il  a pourvu  ces  nouveaux  pavillons  ij! 
titre  d’ingénieur-conseil. 

Lundi,  le  19  février,  la  section  deti 
étudiants  de  la  faculté  des  sciencefi 
recevait  comme  conférencier  M.  Henr 
F.  Béique,  m.e.i.c.,  président  de  k 
compagnie  Quebec  Power. 

Au  cours  de  sa  conférence,  M.  Béiqu( 
a su,  par  ses  remarques  et  ses  conseils 
profiter  de  sa  vaste  expérience  les  étu 
diants  qui  bientôt  joindront  les  rangs  d( 
notre  profession. 

M.  Georges  Tremblay,  président  de  L) 
section  étudiante,  avait  profité  de  1; 
circonstance  pour  inviter  quelques  mem 
bres  senior  de  la  section  de  Québec. 

La  réunion  s’est  terminée  par  ui  i 
coquetel  au  cours  duquel  les  étudiant 
et  les  invités  ont  pu  fraterniser  et  dis 
cuter  de  différents  problèmes  concer 
nant  l’avancement  de  la  profession  et  k 
rayonnement  de  l’institut. 

University  of  Western 
Ontario 

David  Fader,  s.e.i.c. 

Correspondent 

The  1962  Executive  for  the  Brand  i 
was  elected  at  a meeting  on  January  30 
David  Fader  was  elected  Ghairman 
William  Dukelow,  Vice-Ghairman  anc 
Arthur  Huber  as  Secretary-Treasurer. 

W.  K.  Glawson,  Vice-President,  M.  M 
Dillon  and  Co.  Ltd.,  Consulting  Engi 
neers,  London,  was  the  guest  speaker  a / 
the  Branch’s  February  27  meeting.  Th( 
title  of  his  talk  was  Municipal  Engineer  . 
ing.  Mr.  Clawson  gave  a general  outlini 
of  this  field,  indicating  differences  be' 
tween  small  town  municipal  engineer, 
and  those  in  cities.  He  discussed  several 
plans  for  future  projects  and  gave  re' 
ports  of  projects  already  begun.  A projec, 
of  particular  interest  was  the  Spadini 
Avenue  Expressway  in  Toronto,  .j.  ■ 

Winnipeg 

P.  A.  Brett,  m.e.i.c. 

Correspondent 

Winnipeg  is  notorious  for  its  frigicj 
and  confining  winters  and  this  past  onf| 
has  been  a near-record.  In  spite  of  th(l 
weather,  attendance  at  the  Electricaj 
Section  Technical  meetings  has  beei 
excellent  and  speaks  well  for  the  qualih 
of  the  papers  delivered.  An  outline  oi 
the  winter’s  activities  follows. 

On  November  2,  W.  M.  Pearce,  ol 
the  Interprovincial  Pipe  Line  Company' 
described  the  electrical  aspects  of  thtj 
design  and  construction  of  electric  pump: 
stations  for  trunk  line  crude  oil  .service] 
(Continued  on  page  160) 
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JOY  MANUFACTURING  COMPANY  (CANADA)  LIMITED,  GALT,  ONTARIO 
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Electrical  Connectors 
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THE  POWERS  REGULATOR  COMPANY  OF  CANADA,  LTD. 

Dept.  4-J,  15  Torbarrie  Road,  Downsview,  Ontario 


Send  me  a free  copy  of  Powers  Engineer's  Manual  For  Steam-Water  Service 

Name: 


Title:. 


Company:_ 

Address: 

City: 


_Zone: State. 


Specific  requirement  or  problem:. 


L. 


.J 


Packed  With 
Information  On 
Steam -Water 
Control 
Systems 


ng  diofrom 


• Domestic  Hot  Water 

• Two-Temperature  Hot 
Water  Systems 

• Process  Hot  Water 

• Storage  Heaters 

• Pressure  Reducing 

• instantaneous  Heat 
Exchangers 

• Heat  Exchangers  For  Cooling 

• Jacket  Water  Cooling 

• Fuel  Oil  Heaters 


' ] WATEI 

^ ^ VA^ 

^4^ 


ENGINE  OR 
COMPRESSOR 


Powers  Engineer’ s Manual, 
Steam-Water  Service  is  yours  for 
the  time  it  takes  to  fill  out  the 
above  coupon.  All  sections  feature 
simple  diagrams  and  practical  en- 
gineering information  to  help  you 
in  your  job  capacity. 


Send  for  your 
free  manual  today! 


DWERS  COHT 


THE  POWERS  REGULATOR  CO.  OF  CANADA,  LTD. 

Dept.  4-J,  Offices:  Halifax,  Quebec,  Montreal, 

15  Torbarrie  Road  Ottawa,  Hamilton,  London,  Winnipeg, 

DOWNSVIEW,  ONTARIO  Edmonton,  Calgary,  Vancouver 


■ed®< 
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(Continued  from  page  158) 

The  pros  and  cons  of  electric  drive  were 
analysed.  The  problems  met  with  in  thf 
operation  of  remote  pumping  station: 
were  detailed  along  with  an  interesting 
description  of  telemetering  and  super 
visory  control  equipment  used.  The  ver) 
large  distances  spanned  by  the  crude  oi 
pipe  lines,  in  this  case  from  Edmonton  tc 
Sarnia,  alone  create  numerous  difficull» 
ties.  An  active  discussion  period  followed®) 

The  Annual  dinner  dance  of  thi 
Branch’s  Electrical  Section  was  held 
the  Fort  Garry  Hotel  on  November  1 
and  was  thoroughly  enjoyed  by  2l 
members  and  guests. 

Those  who  attended  the  Technica 
Section  on  December  7 were  treated  t(  i 
an  interesting  and  at  times  startling  de 
monstration  at  the  High  Voltage  Labora 
tory  of  the  University  of  Manitoba.  Thii 
followed  a dinner  meeting  at  the  Voya 
geur  Motel.  Unfortunately,  Professo: 

J.  P.  C.  McMath,  originally  scheduled  t( 
talk  on  the  various  aspects  of  the  Higl 
Voltage  Laboratory,  was  taken  ill.  How- 
ever members  who  were  involved  in  thi 
initial  planning  stages  and  fund  raisini 
were  called  upon.  They  gave  some  ide; 
of  background  and  anecdotes  concernin; 
the  Dean  E.  P.  Fetherstonaugh  Memoria 
High  Voltage  Laboratory.  The  demon 
stations  were  ably  carried  out  at  thi 
University  by  Tom  White,  pinch-hittinj 
for  Professor  McMath. 

At  a dinner  meeting  held  at  thi 
Marion  Hotel  in  St.  Boniface  on  Januarj 
11,  officers  for  the  1962-63  term  wen 
elected.  They  are:  T.  L.  Wo 
Chairman;  D.  C.  Bryden,  Past  Chairmi 
J.  P.  C.  McMath,  Vice-Chairman;  Tho: 
Erskine  and  E.  F.  MacKenzie,  Executiv 
Members;  P.  A.  Brett,  Papers  Chairman 
The  Secretary  and  Recorder  to  be  ap 
pointed  at  a later  date. 

G.  A.  Muir  of  the  Manitoba  Telephoni 
System,  both  enlightened  and  enlivenec 
the  membership  on  February  1 with  : 
talk  on  future  developments  of  telephoni 
communication  systems.  The  enliveninj 
arose  out  of  several  anecdotes  related  h 
the  speaker  arising  out  of  his  recent  tri] 
to  Geneva  to  attend  the  IntemationafAi: 
Telephone  Union  Conference.  Some  o mj 
the  subjects  covered  were  submarim 
cables,  land  lines,  microwaves,  botl  * 
line-of-site  and  coaxial,  scatter  systems 
standardizing  problems  arising  out  o 
international  point  to  point  dialing  am 
communications  via  satellites.  A descrip 
tion  of  three  satellite  projects;  “Echo” 
“Vanguard”,  and  “Telstar”  was  given  a; 
well  as  an  actual  demonstration  wit! 
model  equipment  from  the  Bell  Tele 
phone  Laboratories. 

On  March  1 a dinner  meeting  wa: 
held  at  the  Pembina  Hotel.  The  lates 
developments  in  wire  and  cable  insula 
tions  were  outlined  by  D.  Ashenden  o 
Phillips  Electrical  Co.  Ltd.  In  additio) 
to  the  technical  aspects  of  polyethylem 
and  butyl  rubber  insulation  materials,  tb 
speaker  looked  into  the  possible  futun 
use  of  new  materials  not  now  beini 
utilized.  Samples  of  various  insularioi 


f 


materials  were  available  for  viewing  b; 


the  membership, 
followed  by  a 
period.  ^ 


The  formal  talk 
question-and-answe 
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IF  MODERN  OFFICE  BUILDING  DESIGN 


Some  people  like  it  hot  — some  like  it  cool.  The 
H new,  11 -storey  $3,200,000  Professional  Building 
B in  Edmonton  can  satisfy  both  tastes.  Self-adjusting 
Ï heating  and  air  conditioning  levels  for  individual 
® offices  are  among  its  many  advanced  features. 
S The  accent  is  on  beauty  and  convenience  in  work 
Ç and  reception  areas  ...  on  the  utmost  depend- 


PROFE5SIONAL  BUILDING.  EDMONTON,  ALTA. 


ability  in  essential  services  — exemplified  by  the 
choice  of  Jenkins  valves  for  the  plumbing,  heat- 
ing and  air  conditioning  systems.  No  matter 
how  advanced  or  complex  the  installation,  you 
can  always  count  on  Jenkins  valves  for  long- 
term, efficient  service.  Jenkins  Bros.,  Limited, 
Lachine,  Que. 


General  Contractor:  Perini  (Western)  Limited 
IlHhanical  Contractor:  Lockerbie  & Hole  Western  Limited 
Htchanical  & Electrical 

Consulting  Engineers:  Crowther,  MacKay  and  Associates 
HrchitectS:  Gerald  Hamilton  and  Associates 
Assoc.  Architects:  Sinclair.  Skakun,  Naito 


lins  lion  llinly  (inlc  Vnlvcs  on  ihc  ( hillcil  WnltT  C'iiCLiInlint;  I’lnnps. 


JENKINS 
VALVES  ^ 
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• Library  Notes 

(Continued  from  page  144) 
“principles  of  refrigeration. 

The  design,  installation,  and  mainten- 
ance of  refrigerating  and  air  condition- 
ing equipment  is  discussed  in  a com- 
prehensive fashion.  Throughout  the  text 
emphasis  is  placed  upon  the  cyclic  nature 
of  the  refrigeration  system,  and  each 
part  of  the  system  is  carefully  examined 
in  relation  to  the  whole.  Theory  and 
practice  are  correlated  through  the  use 
of  manufacturer’s  catalog  data  and 
sample  problems.  To  this  end  pertinent 
catalog  data  is  included.  Despite  a 
rigorous  treatment  of  the  thermody- 


namics of  the  cycle,  application  of  the 
calculus  is  not  required,  nor  is  an  ex- 
tensive background  in  physics  and 
thermodynamics  presupposed.  (R.  J. 
Dossat.  New  York,  Wiley,  1961.  544p., 
$12.00.) 

“analysis  of  nonlinear  control 

SYSTEMS. 

The  essential  mathematical  tools 
necessary  for  solving , the  analysis  prob- 
lems that  arise  in  the  design  of  nonlinear 
control  systems  are  presented.  The  larg- 
est portion  of  the  book  is  devoted  to  two 
subjects:  a general  theory  of  “quasi- 
linear”  systems  for  the  description  of 
periodic  and  random  input  behaviour. 


- ' ^vrér  cost  per  unit 
K.  to  C.M.C. 
Special  Purpose  Machines 


12-head,  fully  automated  hydraulic  piercing  and  forming  machine 


This  special  purpose  machine  was  built  to  meet  very  special  require- 
ments. Working  closely  with  the  client’s  engineering  department,  C.M.C. 
built  this  12-head,  fully  automated  hydraulic  piercing  and  forming 
machine  ...  a machine  that  has  proved  absolutely  right  for  the  job. 
If  you  have  a production  problem  of  costs,  efficiency  or  productivity  a 
special  purpose  machine  may  be  just  the  answer.  Call  on  us  without 
obligation  — The  C.M.C.  Special  Purpose  Machine  Division  is  at  your 
service. 


coRFORATiam  i/rn. 

GALT  • ONTARIO  • CANADA  $coi 


and  topological  phase  space  techniqu(| 
for  the  description  of  transient  behavioj 
Throughout  the  text,  theoretical  materi;: 
is  illustrated  by  a wide  variety  of  physj 
cally  meaningful,  practical  problems.  ’I 
addition,  there  is  a large  number  < 
figures  and  tables  presenting  design  dat 
for  the  solution  of  practical  problem 
(Dunstan  Graham  and  Duane  McRuei 
New  York,  Wiley,  1961.  482p.,  $9.75.) 


“SPANNUNGSOPTIK.  I 

A treatise  on  photoelasticity  coverinj 
both  theoretical  and  practical  aspec' 
of  both  two-and-three-dimensional  prtj 
cedures.  The  beginning  section  provide 
the  fundamentals  of  elasticity  theof 
and  optics.  Later  sections  deal  wit! 
equipment,  methods,  models,  stre^ 
lines,  special  applications,  etc.  A biblj 
ography  of  more  than  1,000  reference) 
arranged  chronologically,  covers  froi! 
the  early  19th  century  to  1959.  (Helmi 
Wolf.  Berlin,  Springer-'V'erlag,  196; 
582p.,  DM  66.00.) 

“STAHLBEHALTER  FUR  FLUSSIGE  UNO  : 
GASFORMIGE  STOFFE. 

A volume  on  steel  tanks  for  liquii 
and  gases.  The  design  of  the  tanks  ai 
shown  in  drawings  and  photographs  an 
reference  is  made  to  the  difference  bci 
tween  European  and  American  tanki 
Emphasis  has  been  put  on  the  trea' 
ment  of  fuel  oil,  ball  pressure,  anj 
chemical  storage  tanks.  There  is  a chajj 
ter  on  the  various  regulations  for  de| 
sign,  construction  and  operation  of  ste(|| 
tanks,  and  the  DIN  and  other  standarj 
specifications.  The  appendix  includes  ir! 
dications  for  regular  supervision  c' 
tanks,  and  a bibliography  of  mainly  Geij 
man  references.  (Fritz  Gross.  Dusseldor] 
Werner-Verlag,  1961.  152p.,  DM  29.00' 


“rare  earth  research. 

Recent  results  in  five  selected  areas  cj 
rare  earth  research  are  presented,  spil 
cifically,  solution  chemistry;  oxide  sy; 
terns  and  their  properties;  and  the  strucj 
ture,  physical  properties,  and  median 
cal  and  metallurgical  properties  c, 
metals,  alloys,  and  intermetallics.  Tlf 
material  included  is  taken  from  i; 
Seminar  held  at  Lake  Arrowhead,  Cal! 
fornia,  October,  1960,  and  has  bee) 
enlarged  and  brought  up-to-date  wit; 
the  addition  of  post-conference  info) 
mation  and  findings.  (E.  V.  Klebei 
Galt,  Brett-Macmillan,  1961.  31.3p! 

$9.75.)  i 


“symposium  on  shear  and  torsion  [ 

TESTING.  ' 

1 

The  papers  contained  in  this  syn' 
posium  describe  and  evaluate  new  Cj] 
existing  shear  and  torsion  test  methoo 
as  used  on  various  materials  includin: 
metals,  welds,  wood  products,  polymerj 
and  refractory  materials.  (Philadelphi:; 
American  Society  for  Testing  and  M; 
terials,  1961.  120p.,  $4.75.  s.t.p.  n(| 
289.)  !. 
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I*  IODIDE  METALS  AND  METAL  IODIDES. 

Tlic  purpose  of  this  reference  book 
is  to  present  to  the  chemist,  engineer, 
or  metallurgist,  the  information  neces- 
sary to  design  and  operate  an  iodide 
cell,  the  details  of  preparation  and 
properties  of  metal  iodides  (including 
horon,  germanium,  and  silicon  iodides), 
and  the  ways  in  which  these  various 
ifxlide  compounds  can  be  used  to  pre- 
pare high-purity  elements  or  alloys.  A 
bibliography  of  739  references  is  in- 
cluded. (R.  F.  Rolsten,  New  York,  Wiley, 
1961.  44]p.,  $17.50.) 


“introduction  to  feedback  systems. 

TIk!  broad,  basic  concepts  of  linear 
feedback  systems  are  pre.sented.  The 
content  of  this  text  is  ba.sed  on  the 
pole-zero,  root-locus  approach,  rather 
than  the  .sinu.soidal  approach,  and  is  de- 
signed to  give  the  student  a common 
background  for  all  areas  of  application, 
including  amplifiers,  oscillators,  and  con- 
trol systems.  Of  particular  interest  is  an 
c.vtended  treatment  of  the  linear  o.scil- 
lator,  which  is  notable  for  its  large 
number  of  text-integrated  problems  and 
examples.  (L.  D.  Harris,  New  York, 
Wiley,  1961.  .363p.,  $10..50.) 


“I'AI'EHS  ON  HOAD  AND  PAVING 
MATERIALS  ( BITUMINOUS  ) 1960. 

Recent  studies  concerning  the  jiroper- 
ties  and  performance  of  bituminous  ma- 
tr-rials  and  mixtures  are  presented.  They 
I -over  stress  deformation  characteristics 
of  sand-bituminous  mixtures,  effect  of 
eoinpaction  température  on  the  propc^r- 
ties  of  bituminous  concrete,  tlu;  influ- 
I'uce  of  asphalt  composition  on  its  rhe- 
I'llogy,  emulsified  asphalt  tests  and 
|specifiealions,  and  cationic  asiihalt  emul- 
\ioiis.  (I’biladelphia,  American  .Society 
for  Testing  and  Materials,  1961.  9 Ip., 
S.'i.ôO.  stp  no.  294.) 


MASK  IIAUIO. 

.Another  in  the  Rider  "in'clnred-texl” 
scries,  this  volume  presents  the  fmida- 
iiiciil.ds  ol  radio  eomnmnicalions,  and 
ili’.ils  with  the  cirenitry  and  teclinicpies 
used  lor  the  transmission  and  rei'eption 
ol  iulormalion  via  radio  energy. 

Ibis  volume  is  really  six  bound  lo- 
eclhcr  as  one,  the  lirst  three  volumes 
■ovciing  the  basic  components  of  elec- 
• roiiie  cirenitry.  The  lonrth  volnnu' 
shows  how  these  components  are  as- 
anihled  to  lorm  radio  receivers,  both 
A\l  ,md  h'M.  X'oinme  live  covers  seini- 
'oiidnetors  and  transistors,  and  thi' 
jilieoiy  and  eirenitrx'  ol  tr.msislor  re 
f elvers,  w hile  tin-  last  volnmi’  deals  with 
ii.nisinitters.  antennas.  ,md  tr.msnhssion 
lliiies,  (Marvin  Teppei.  New  Vork,  Rider. 
11961.  776p.,  $1  l.,S,A,  Haeh  vol.  .ivail.ible 
sep.nately.) 


(('nnUniiri/  on  /x/gc  /.S7) 
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* Developments 

(Continued  from  page  156) 

A HIGH-PERVEANCE  BEAM  TUBE 
featuring  low  tube  drop  and  high  plate 
resistance  for  maximum  circuit  efficiency 
has  been  introduced  by  Raytheon 
Canada  Limited.  The  tube’s  applica- 
tions include  series  pass  in  regulated 
power  supplies,  a power  switch  to  drive 
teletypwriters  or  similar  dc  wire  lines, 
a screen  grid  clamper  to  protect  Class  C 
beams  pentodes,  a keyer  for  CW  radio 
transmitters,  for  pulse  output  a flip-flop 
driver  for  computer  logic  matrix,  a 
cathode  follower  in  digital  printers,  a 
magnetic  control  tube  and  in  magnetic 


drum  write  amplifiers,  servo  power  amp- 
lifiers and  passive  switching  amplifiers. 

THE  STEEL  CO.MPANY  of  Canada  an- 
nounces a new  Stelco  ‘Electrod’  #7018, 
combining  the  excellent  xveld  qualities 
of  a low  hydrogen  electrode  with  the 
welding  speed  and  ease  of  a high  iron 
powder  coating.  The  electrodes  are  de- 
signed to  lessen  the  need  for  pre-heat- 
ing or  post-heating  in  a variety  of  prob- 
lem applications,  notably  hardenable 
steels  with  high  carbon  and/or  other 
alloy  content.  The  low  hydrogen  rods 
increase  the  possibility  of  a sound  joint 
with  high  impact  resistance. 

(Continued  on  page  165) 


know-how’  pays  off  4 ways 


U 


Proven  performance  — I rom 

years  of  speeiali/eil  experience 
in  the  held.  KeepRite  eqiiip- 
nienl,  proved  in  eouniless  inslal- 
I, liions,  is  engineered  for  peak 
performance,  easy  installaiion 
aiul  economical  service. 


Highest  quality  products  — 

I very  product  is  precision  as- 
.sembled  by  skilled  craftsmen 
wlu>  take  pride  in  producing  the 
best.  Rigid  quality  control  and 
inspection  techniques  are  con- 
stantly employed. 


Prompt  delivery  Shipments 
;ire  made  on  schedule  frcim 
KeepRile’s  strategically  loc.iled 
pl.mt  at  Hi.mtford.  Ont.irio. 


Engineering  assistance 

Skilled  representalixes  are  fully 
qualified  to  provide  ciuupcteni 
engineering  assisi.mcc. 


Next  lime  \ ( oiisidcritifi  rclri^ci(tti(>n  aiul  air  caiuliliiui- 

//i.g.  .spi'cHy  KecpKilc  your  one  Mae  .\ouree  for  the  hesi. 


I 


Hydro-Québec’s  10-year  expansion 
program,  involving  an  anticipated 
expenditure  of  one  billion  dollars, 
will  increase  its  installed  capacity 
from  four  to  ten  million  horsepower. 


One  of  the  12  gigantic  steel  structures  supporting 
Hydro-Québec  transmission  lines  spanning  the  SfiOO-toot 
Saguenay  River  to  bring  Bersimis  power  to  Montreal. 
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• Developments 

(Continued  from  page  163) 

permanent  markings  on  all  grades 
md  sizes  of  steel  reinforcing  bars  are 
announced  by  the  Steel  Company  of 
Canada  Limited.  The  rolled-in  mark- 
ings are  intended  to  provide  a surer 
guide  for  contractors  than  tags  or 
painted  codes.  All  Stelco  reinforcing  bars 
Mil  carry  prominent  markings  to  denote 
their  origin  of  manufacture,  and  size. 

iA  ROTOLINE  DISTRIBUTOR  for 
jtricking  filters,  used  for  uniform  filter 
bed  do.sing  and  high  filter  efficiency  on 
both  single-stage  and  two-stage  bio- 
filtration systems,  is  now  available  from 
Link-Belt.  The  Rotoline  is  available  for 
trickling  filters  from  20  to  200  feet  in 
:!iamcter,  to  handle  flows  up  to  10,000 
g.p.m.  They  are  powered  by  hydraulic 
reaction  developed  when  sewage  flows 
through  the  nozzles  and  thus  require 
no  separate  power  source. 

SPEED  DRIVES,  in  a new  range,  stati- 
cally controlled,  and  adjustable  are  avail- 
;il)le  from  the  Dominion  M.  1.  Limited, 
Montreal.  Standard  packaged  units  are 
available  from  16  hp.  to  50  hp.  Optional 
additions  may  be  made  to  the  basic 
magnetic  amplifier  controlled  servo  loop 
to  give  control  of  current  loading,  speed 
regulation,  the  effects  of  line  voltage 
fluctuations  and  to  provide  controlled 
tension  or  dynamic  braking.  Future  ad- 
ditions may  be  made  at  any  time  as  the 
drive  retiuiremcnts  change. 

BUDD  INSTRUMENTS  LIMITED,  Don 
Mills,  Ont.,  has  introduced  the  BAM-3 
Bridge  Amplifier  for  shop  and  labora- 
tory, strain  gauge  and  tran.sducer  work 
to  complement  the  BAM-I  Bridge  Am- 
plifier. The  BAM-3  is  for  4-arm  strain 
gauge  tran.sducer  work.  The  instrument 
has  a minimum  of  controls  and  indi- 
cates the  physical  variable  directly. 
Scope  connection  is  provided  for  up  to 
10, ()()()  eps  operation.  Battery  or  110 
volt  ojUTalion. 

A COMPLE'l’E  LINE  of  axial-flo,  ro- 
tary compr(!.ssor.s  with  capacities  from 
lot)  to  12,000  c.f.m.,  for  use  in  indus- 
tries emiiloyiiig  eompres.sed  air  for 
power,  has  been  introduced  by  Cana- 
dian Ingersoll-Rand  Co.  Ltd.  The  C.I.R. 
.4xi-Compres,sor  is  a .S[)(!eial  rotary  ma- 
ehini-  embodying  the  principal  of  posi- 
tive-displacement a.xial-flow  compression. 
Ilii  s method  provides  maximum  «economy 
for  a with;  raiigt;  of  pressun;  and  ca- 
pacity ratings  which  cannot  he  met  ef- 
fielently  with  cither  reciprocating  or 
«iiilrifugal  units. 

A "HlC  I.OOK"  'I'YI’K  230  elapsed 
I'tiine  mt'ler  for  accurate  timing  of  serv- 
icing and  preventative  midntenance  is 
innouneed  by  (àmadian  Ceneral  Elec- 
tric. The  meter  is  built  in  2K-  and 
|3H-ineh  models  for  panel  mounting  and 
in  2.'i-ineh  models  for  eonduit-tyiie  e.ise 
|Or  irortahio  stand  applications.  Sealed 
liiMMlels  for  military  applications  art'  alst) 
.ivallahle. 

((Uinttuurd  on  page  176) 


WE’VE  CHANGED  OUR  NAME 


We've  been  known  by  many  names — now  we  have  a 
new  one — PROCOR  LIMITED.  Our  new  name  re- 
places Products  Tank  Line  of  Canada,  Ltd.  and 
Products  Tank  Car  Shops,  Ltd. 

We've  also  moved  to  a new  headquarters  office  in 
Toronto  and  to  a new  office  building  at  our  Oakville 
plant.  To  you,  these  changes  simply  mean  better 
service  all  round. 

Procor  serves  Canada  in  a world  of  ways.  We  own  and 
lease  the  nation's  largest  railway  tank  car  fleet,  are  a 
leading  fabricator  in  metals,  provide  world-wide 
export  and  import  service  to  industry  and  offer 
products  and  services  for  the  storage,  transportation 
and  treatment  of  liquids  and  other  commodities  for 
industrial,  community  and  household  use. 

You  probably  know  us  through  one  of  our  divisions 

TANK  CAR  DIVISION 
SPARLING  DIVISION 
GRAVER  WATER  CONDITIONING  DIVISION 

LINDSAY  DIVISION 
SMITH  &.  LOVELESS  DIVISION 
GETZ  INTERNATIONAL  DIVISION 

Unchanged  is  the  desire  of  Procor  to  give  increas- 
ingly better  service.  We  invite  you  to  explore  it,  for 
wo  want  to  be  a part  of  your  future. 


FROCOR.  LII^ÆITEID 

.8  YONGE  STREET.  TORONTO  1.  36T.7  39T 


Edmonton  RegIn»  Otl^yllle  Toronto  Montrttl  Hn’  -'ar 
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US 


We  do  not  make  hats.  Nor  is  it  likely  that  we  ever  will.  But  right 
here  in  Canada  we  make  an  exceptionally  diversified  range  of 
equipment  for  industry.  There's  no  company  quite  like  it.  This 
means  that  we  have  a very  extensive  pool  of  talent,  experience 
and  down-to-earth  know-how.  Those  who  take  full  advantage 
of  A-C  diversified  production  find  extra  dividends  in  co-ordi- 
nated planning,  equipment  and  deliveries. 


Complete 
engineering  dà 
on  any  I 

Aliis-Chalmers 
equipment  \ 

is  available  trop 
Canadian  | 

Allis-ChalmertI 
P.O.  Box  37,  I 

Montreal.  : 
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TEXROPE  DRIVES 


FALK 

•EED  REDUCERS 


FALK  COUPLINGS 


ROTARY  COMPRESSORS 


LOW  VOLTAGE  CONTROL 


CENTRIFUGAL  BLOWERS 


CONDENSERS 


1 

É vl 

mH 

if; . _ p 

HIGH  VOLTAGE  CONTROL 

ALLIS-CHALMERS  <1^. 
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NATIONAL  RESEARCH  COUNCIL 
Associate  Committee 


I ' 


HEAT  TRANSFER  SYMPOSIUM 


Afternoon,  Friday,  June  15th 


Chairman  : 

D.  L.  MORDELL, 


Dean  of  the  Faculty 
of  Engineering,  McGill  University 


FIRST  SESSION 


SPECIAL  LECTURE: 

NOT  OPEN  FOR  DISCUSSION 


“Physics  of  Thermal  Conduction  Tempera- 
tures” Dr.  Preston  Thomas,  Division  of 
Applied  Physics,  National  Research  Board.  30  minutes 


Summary  Discussion  of  Following  Papers: 
Rapporteur,  Professor  W.  A.  Wolfe,  Dept, 
of  Mechanical  Engineering,  University  of 


British  Columbia 


20  minutes 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


“The  Temperature  Regime  and  the 
Heated  or  Cooled  Areas  on  the  Ground 
Surface”  W.  G.  Brown,  Division  of 
Building  Research,  N.R.C. 

“Calculation  of  Surface  Temperature 
and  Heat  Flux  from  Sub-surface  Tem- 
perature Measurement”  D.  G. 
Stephenson  and  G.  P.  Mitalis,  Dmsion 
of  Building  Research,  N.R.C. 
“Research  on  Laminar  Heat  Transfer, 
Non-Newtonian  Fluids”  Prof.  Chi  Tien, 
Essex  College,  Assumption  University. 
“Heat  Transfer  from  Finned  Surfaces” 
Profs.  J.  W.  Stachiewicz  and  A.  R. 
McKaij,  McGill  University. 

“Contact  Heat  Transfer”  Prof.  T.  W. 
McDonald,  University  of  Saskatchewan. 
“Two-dimensional  Steady  State  Ana- 
logue” Prof.  F.  C.  Hooper,  University 
of  Toronto. 

“Departure  from  Nucleate  Boiling” 
Profs.  D.  G.  Andrews  and  R.  O. 
Pelham,  Dept,  of  Chemical  Engineer- 
ing, University  of  Toronto. 


COFFEE  BREAK 


SECOND  SESSION 


SPECIAL  LECTURE: 


NOT  OPEN  FOR  DISCUSSION 


30  minute 


“Limitations  on  Reactor  Design  Imposed 
by  Heat  Transfer  Processes”  R.  I.  Hodges 
and/or  another.  Atomic  Energy  of  Canada 


Ltd. 


30  minute! 


Summary  Discussion  of  Following  Papers: 
Rapporteur,  ZV.  B.  Hutcheon,  National  Re- 


search Council. 


20  minutei 


(1) 


(2) 


(3) 


(4) 


(5) 


“Energy  Budget  Approach  to  Heat 
Transfer  of  the  Earth”,  R.  E.  Munn 
and  E.  J.  Truhler,  Meteorological  Serv- 
ice, Dept,  of  Transport. 

“Laboratory  and  Field  Studies  of 
Properties  of  Radiation  Instruments”, 
J.  R.  Latimer,  Meteorological  Service, 
Dept,  of  Transport. 

“Temperature  Distribution  in  Homo- 
genous Slabs  during  Fire  Test”,  T.  Z. 
Harmathy,  National  Research  Council. 
“Heat  Transfer  to  Particles  in  High 
Temperature  Surroundings”,  Dr.  W.  H. 
Gauvin  and  another.  Pulp  and  Paper 
Research  Institute,  Montreal. 
“Organic  Coolant  Reactor  Heat  Trans- 
fer Problem”,  Dr.  }.  T.  Rogers,  Cana- 
dian General  Electric  Company. 


DISCUSSION  FROM  THE  FLOOR 


30  minutes 


DISCUSSION  FROM  THE  FLOOI|C 
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. . . (rom  jacketed  microfilm 


. . . from  card-mounted  microfilm 


Iket  prints  on  ordinary  paper  from  roll  microfilm 


Vi(‘u  it  coiiu's  to  inakinjt  prints  from 
Ik’rofilm,  llicro  is  nolhioK  fussy 
amtllu'all  ru'w  182'!' Printr'r  (Uiii- 
Visjil  Input) . 

toll  microfilm,  jackclcd  microlilm, 
Ikmicrolilm  aixalurc  cards  it's  all 
*1  day’s  print  injî  for  this  all  jiurpost' 
Itchinc.  ilusf  position  film  on  the 


screen  and  insert  paper.  I’rints  . . . up 
to  18"  X 2r'  . . . enu'iKe  automatically 
- sharp,  crisp,  dry  and  on  ordinary 
paper,  vt'llum, or olTsc't  p.ipc'r  m.asters. 

If  you  use  mierotilm  in  any  form, 
you  should  se«'  llu'  .all  new  1821 
Printer  ( Univrasiil  Inimt  ).  ('.all  your 
nearest  Xertrx  hranch.  or  write 


Xl.HOX  OK  ('.VNAUA  I.lMlTKn.  IVpt. 
28.  20  Mobile  Drive.  Toronto  16. 


XEROX 

or  L ANADA  i O 
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ATLAS  COPCO.  Canada  Ltd.,  has  in- 
troduced to  the  Canadian  mining  and 
construction  industry  the  Jora  Lift.  De- 
signed and  developed  in  Sweden,  the 
Jora  Lift  is  an  integral  part  of  a new 
method  of  raise-driving  which  has 
proved  practical  and  economical  in  serv- 
ice in  Swedish  mines.  The  advantages  of 
this  hoist  method  are,  a greater  rate 
of  advance  with  less  cost;  and  less  risk 
of  accidents  than  with  older,  more  con- 
ventional raise-driving  techniques. 

“THE  BEHAVIOUR  OF  SOILS  UNDER 
DYNAMIC  LOADINGS”  will  be  the 
subject  of  a two  week  Special  Summer 
Program  at  the  Massachusetts  Institute 
of  Technology  from  August  27  to  Sep- 
tember 7,  1962.  The  program  is  designed 
to  bring  educators,  researchers  and  prac- 
tising engineers  up  to  date  on  the  most 
recent  developments  in  Soil  Dynamics 
as  well  as  to  provide  a comprehensive 
review  of  the  subject. 

WESTOFLEX  combines  hardness,  resi- 
lience and  load  bearing  capacity  in  a 
new  rubber  type  material  said  to  be 
ideal  for  application  in  many  mining 
locations.  Since  it  is  resistant  to  abra- 
sion, it  is  applicable  to  the  lining  of 
chutes,  bins  and  impellers  and  does  not 
show  any  signs  of  brittleness  in  tempera- 
tures below  -80  degrees  Farenheit.  This 
product  is  manufactured  by  Canadian 
Westinghouse. 


ATLAS  ASBESTOS  has  introduced  a 
new  asbestos-cement  insulating  and 
sheathing  board  known  as  Bipanel.  The 
material  used  is  a combination  of  a 
layer  of  impregnated  fibreboard  insula- 
tion laminated  to  a fire-resistant  asbes- 
tos-cement sheet.  It  is  flexible,  weather- 
proof and  is  easily  erected  with  hammer 
and  saw. 

FLYGT  CANADA  LIMITED  is  distrib- 
uting a new  full-color  brochure  describ- 
ing the  “Bibo-3”  electric  submersible 
pump,  one  of  their  new  series  of  high 
capacity  pumps.  In  discussing  the  fea- 
tures of  the  pump,  the  brochure  points 
out  the  high  capacity  of  up  to  18,600 
US  gph,  the  maximum  delivery,  head  of 
105  feet,  an  ability  to  efficiently  handle 
water  of  30%  solid  content  and  a com- 
pactness that  enables  a single  man  to 
easily  handle  it. 

A MAGNETIC  STIRRER,  particularly 
suited  to  preparation  of  solutions  and 
emulsions,  stirring  under  vacuum  and 
in  closed  vessels  for  flammable  liquids 
and  work  in  water  and  air  baths,  has 
been  announced  by  Industrial  Finishing 
Equipment  Co.,  Hamilton.  In  this  Stir- 
rer, there  is  no  physical  contact  between 
the  stirring  rod  and  the  driving  motor, 
thus  there  is  no  contamination  from 
stuffing  box  lubricants.  The  synthetic 
covered  stirring  rod  is  immersed  in  the 
fluid  and  is  put  into  rotation  by  a mag- 
netic field.  Rotation  speed  is  adjustable 
by  means  of  a knob  from  zero,  and  heat 
is  controlled  from  0-150  watts. 


A MAJOR  DEVELOPMENT  in  the  con-jj 
Crete  products  industry  of  OntarioH 
involves  the  merger  of  five  major  com-H 
panies  under  the  name  of  General  Con-B 
Crete  Ltd.  The  participating  companieffl 
are:  Cooper  Block  Ltd.,  Toronto  and|f 
Pickering;  Gormley  Block  Co.  Ltd.,ffi 
Gormley;  Maple  Block  and  Tile  Ltd., 
Maple;  Thorold  Concrete  Products  Ltd,. 
Thorold  and  Hamilton;  York  Block  and 
Tile,  North  York.  The  most  significant  i 
policy  change  will  be  in  the  field  of  : 
specialization.  Each  division  will  con- 
centrate on  a selected  number  of  prod- 
ucts to  achieve  maximum  productivity, 
improved  quality,  maximum  product 
range  and  lower  costs.  i 

A NEW  WATER  level  device  for  use 
in  leveling  and  structure  alignment  has 
been  announced  by  Soiltest  Inc.,  a sub- 1 
sidiary  of  Cenco  Instruments  Corp.  The  ! 
water  level  is  used  in  construction  and 
industrial  applications  where  conven- 
tional methods  are  not  possible.  Stain- 
less steel  anchor  blocks  are  provided  to 
be  cast  directly  in  the  foundation  walls  I 
on  new  construction  or  for  surface 
mounting  on  existing  structures.  In  this 
way,  the  measuring  points  can  be  per- 
manently or  semi-permanently  installed . 
for  measurement  against  a fixed  bench 
mark. 

A GOMPLETE  LINE  of  ac  general  pur- 1 
pose  motors,  specially  designed  to  ac-  - 
commodate  the  increasing  emphasis  on 
instrument  miniaturization  in  aircraft, 
missile  and  industrial  applications,  has  : 
been  introduced  by  the  Kearfott  Div- 
ision, General  Precision  Inc.  The  basic 
unit  of  this  series  is  an  enclosed  ac 
motor.  Open-ventilated,  finned  and  fan- 
cooled  units  are  also  available. 

A SYSTEM  FOR  THE  economical  and 
efficient  utilization  of  activated  carbon 
and  other  adsorbents  in  the  removal  of 
organic  materials  from  process  liquor, 
has  been  introduced  by  Graver  Water 
Conditioning  Company,  a Division  of 
Products  Tank  Line  of  Canada  Ltd.  This  ' 
process,  called  the  Contraflux  Adsorb-  > 
tion  System,  is  a moving-bed  systeiri  - 
which  employs  absorbents  in  a granular  i 
form,  and  provides  a continuous  coun-  f 
ter-current  contact  of  liquor  and  ad- 
sorbent with  regular  removal  and  re-  ^ 
generation  of  spent  adsorbents.  This 
System  is  applicable  whenever  sépara- U 
tion  and  removal  of  specific  organic  i 
substances  is  necessary.  f 

TWO  BULLETINS  describing  the  new'! 
line  of  Econo  Water  Softeners,  and  the^ 
Econo  Pressure  Water  Filters  have  beenj 
issued  by  the  Industrial  Division  ofj 
Pumps  and  Softeners  Limited  of  Lon-i 
don.  Ont. 

A FLEXIBLE  ROLLER  CURVE  umll 
for  switching  conveyorized  items  ontoi 
spur  lines  left,  right  or  straight  ahead, 
has  been  introduced  by  Rapistan  Canada; 
Limited.  The  Rapistan  Three-way  switch 
will  divert  materials  from  a common  ; 
carrier  45-degrees  left,  right.  Curve  umts! 
are  available  for  12-mch,  18-inch  or 
24-inch  conveyors.  ! 

(Continued  on  page  178)  \ 


oM,  {jjeir, . . 


AND 


in  a HAWS  Emergency 
Drench  Shower. 

Burning,  corrosive,  caustic 
contamination  can  inflict  injuries 
more  dangerous  than  blazing 
clothing!  Contamination  by 
acids,  chemicals,  volatile  fuels, 
radioactive  elements,  etc., 
must  be  instantly  countered  by 
first  aid.  Immediate  drenching 
with  clear  water  is  the  first 
precaution  against  permanent 
injury.  HAWS  leads  in 
design  and  production  of 
Emergency  Drench  Showers! 
Ask  for  our  complete  catalog. 


Model  8590 

Multiple  nozzle  shower  drenches 
victim  from  all  angles. 


Since  1909 


m 


3 DRENCH  SHOWERS 


A product  of  HAWS  DRINKING  FAUCET  COMPANY 


MONTREAL,  QUEBEC 

R.  G.  K.  WARD.  LTD. 
5719  Monkland  Ave. 


NORTH  VANCOUVER,  B.C. 

ROBERT  SOMERVILLE,  LTD. 
2720  Crescentview  Drive 
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Twelve  Goodyear  V-Bolti  on  o tough  chipper  drive  in  a Quebec  sulphite  plant. 


Working  since '55  ...  still  not  fatigued! 


C liippcr  tirivc.s  arc  rccot;ni/cil  as  rorrurous  and 
tough.  'I'his  particular  drive  was  no  exception  . . . 
belt  life  was  short  hut  not  sweet.  Ordinary  imilti-V 
belts  lasted  only  H months.  Plant  engineering 
personnel  ilaiin  belts  ditl  not  stand  up  because 
I ol  poor  inati  hing. 

In  a ( ioodvear  Ter  hniial  .Serviceman  was 

j consuherl.  A set  ol  1 mati  bed  ( Itiodvear  Multi  \’ 
I belts  was  installed.  ’Phis  same  set  is  still  t>n  the 
^ job  . . . and  iloes  iu)t  show  anv  sign  ol  langue. 


TODAY,  GOODYEAR  V-BELTS  ARE  EVEN  BETTER  THAN 
EVER  . . . each  one  carries  a (ireeii  Seal  whuh  is 
assurance  ol  diniensional  stability.  Cireen  Se.il  \’  belts 
are  sinewed  with  Triple  1 einpered  •.  y 1 ' C ords  to  pros  :,'i 
It)  higher  lip.  capacity.  Mis  inatvhing  is  now  a tlun;; 
ot  the  p.ist.  (ireen  Seal  belts  remain  true  and  a>cui.itc' 
lor  years,  vet  mst  lU'  more  ( onsidt  yc'.;;  Cioobc-. 
Ih.iiuh  or  lle.ul  !\iles  Olhce.  itoev  mans  illc.  c':' 

inoustriai  rubrir  I'Ro.'ciiTs  iN^.  : 

GOOD/^EAR 

T M I C-  C f A T f s ' 


N s c 
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A COMPLETE  LINE  of  urethane  resins, 
prepolymers,  emulsions  and  elastomers 
for  a wide  variety  of  applications  are 
now  available  from  Wilmington  Chemi- 
cal Corporation.  The  Helithane  and 
Helastic  urethane  materials  can  be  used 
in  the  manufacture  of  sealants,  extru- 
sions, films,  laminates,  tubing,  inks,  cir- 
cuitry, fibres,  foams  and  compounds  for 
caulking,  molding,  potting,  encapsulat- 
ing and  insulating. 

A FLEXIBLE  URETHANE  foam  pipe 
insulation  which  can  be  quickly  installed 
and  provides  thermal  and  moisture  pro- 
tection for  liquid  heating  and  cooling 
lines  used  in  heating,  refrigeration, 
plumbing,  air-conditioning  and  industrial 
processing  operations  has  been  an- 
nounced by  United  Foam  Products.  This 
preformed  foam  pipe,  called  Hewflex,  is 
flexible  enough  to  go  easily  around 
bends  and  over  pipe  joints  without  spe- 
cial fittings  or  tools.  The  foam  sections 
are  slit  lengthwise  down  one  side,  allow- 
ing them  to  be  quickly  slipped  over  the 
pipe.  Joints  are  sealed  with  Hewflex  ad- 
hesive. 

THE  FOXBORO  COMPANY,  Montreal, 
has  introduced  a complete  internal  re- 
flux computer  control  system  packaged 
in  a standard  instrument  case.  The  Com- 
puter, a pneumatic  system,  provides  a 
continuous  3-15  p.s.i.  output  propor- 
tional to  internal  reflux  flow.  Refineries 
and  chemical  plants  can,  from  this  com- 
puted measurement,  automatically  con- 
trol load  disturbances  which  result  when 
air  fan  coolers  are  operated  under 
rapidly  changing  ambient  conditions. 


SPUN  ROCK 


BLANKETS 


and 

PIPE  INSULATION 

for  Canadian  industry 


Has  all  the  features  expected  of  a 
good  thermal  insulation,  plus  these 


IMPORTANT  EXTRAS: 


• Long,  resilient,  stable  fibres; 
no  binder 

• Non-corrosive  to  any  metal 

• Withstands  continued 
vibration 

• Maximum  thermal  efficiency 
at  temperatures  as  high  as 
1200°  F. 

• Made  from  rock,  by  electric 
furnace  process. 

• Conforms  to  Commercial 
Standards  CS-1 17-49 


Technical  information  and  samples  available. 


SPUN  ROCK  WOOLS 


LIMITED 

Thorold  Ontario 

0001 


CANADIAN  GENERAL  ELECTRIC 
has  announced  four  new  matched  diode 
assembhes  made  from  the  G.  E.  ultra 
high  speed  and  controlled  conductance 
P.E.P.  silicon  switching  diodes.  The  two 
matched  pairs  assemblies,  MP-1  and 
MP-2,  and  the  new  matched  quads  MQ-1 
and  MQ-2  are  available  in  large  quan- 
tities for  mass  production  requirements. 

SYNFLEX  SELF-STORING  AIR  HOSE 
is  the  Nylon  spiral  air  hose  produced  by 
Shaw  Flexible  Tubes  Ltd.,  Toronto.  Syn- 
flex  retains  its  spiral  form.  It  is  abrasion- 
resistant  and  unaffected  by  oils,  solvents, 
fuels,  detergents  and  dilute  acids.  A 
4-inch  diameter  coil  only  9 inches  long 
will  extend  25  feet  without  fatigue  to 
operator  and  retract  without  dragging  or 
tangling. 

A NEW  LINE  of  circuit  breakers,  type 
QCC,  are  available  from  Canadian 
Westinghouse.  The  economically  priced 
QCC  breakers  feature  De-Ion  arc 
quenchers,  a quick-make,  quick-break 
over  centre  toggle  mechanism,  and 
thermal  magnetic  trips.  They  are  de- 
signed for  service  entrance  use  up  to 
240  volts  A.C.,  and  10,000  Amps,  maxi- 
mum interrupting  capacity. 

A REVISED  TEMPERATURE  conver- 
sion chart  especially  keyed  to  four  basic 
refractory  metals,  tungsten,  tantalum, 
molybdenum  and  columbium,  is  avail- 
able from  Fansteel  Metallurgical  Cor- 
poration. The  chart  shows  critical  tem- 
peratures for  these  metals  in  Farenheit 
and  Centigrade.  It  also  gives  formulae 
for  converting  either  scale  to  the  other. 
The  chart  lists  34  typical  properties  of 
the  four  metals. 


THERM-O-SCOPE,  a self-calibraty| 
two-color  pyrometer  which  operates  ly  i 
measuring  the  same  hot  object  at  'o  ' 
discrete  wave  lengths,  eliminating  le 
emissivity  effects  from  the  tempera|-e 
reading,  has  been  introduced  by  Ma- 
tron Inc.,  Pittsburg.  Therm-o-scie 
achieves  amazing  speed  and  accuracfn 
recording  changing  ambient  templj. 
tures. 

TO  MEET  THE  growing  need  for  elM 
tronic  circuits  in  space  and  military  fe 
plications  that  will  operate  reliably^ 
extremely  high  temperature  and  hÇ 
radiation  environments.  General  Elecjl 
has  developed  microminiature  resiJ 
and  capacitors  that  will  operate  uj 
600  degrees  Gentigrade,  in  severe  ra  i 
tion  environments.  These  tiny  me 
ceramic  components  were  designed 
use  with  TIMM  (Thermionic  Integr|| 
Micro  Module)  circuits,  but  are  b(| 
made  available  in  sample  quantities! 
development  circuitry  work. 


FLOW  RATE  AS  LOW  AS  0.5  cc/i|« 
of  water  (equivalent)  can  now  1)$ 
measured  and  transmitted  with  Bift 
Instrument  Gompany’s  Model  XEli 
Low-Flow  Rotameter.  The  XDDS  Tri» 
mitter  utilizes  a specially  designed  m 
ferential  transformer,  the  core  of  wllj 
is  attached  to  the  end  of  a mete:* 
float  extension  rod.  As  the  float  iSs 
and  falls  in  relation  to  flow-rate  chanM 
there  is  a corresponding  increase  or 
crease  in  the  output  of  the  seconc 
of  the  transformer.  Adapting  equipn 
is  available  to  convert  this  output  t 
signal  for  use  with  any  recorder,  ( 
troller,  or  remote  indicator. 


SPECIALISTS  IN 


THE  ENGINEERING  JOURNAL  APRIL,  I ! 


178 


NION  CARBIDE,  LINDE  GASES 
IVISION  has  introduced  a new  line  of 
gulators  for  the  delivery  of  ultra-pure 
;ases.  These  stainless  steel  regulators 
re  designed  for  use  in  a variety  of 
pplications  including  crystal  growing, 
ransistor  brazing,  switch  and  lamp  fili- 
ng, bright  brazing  and  for  handling  of 
orrosive  gases.  They  are  ideal  for  use 
T.  chemical  and  pharmaceutical  labora- 
ories  where  outside  contaminants  affect 

IWocess  or  research  results. 

V MODERN  SPECIALLY  DESIGNED 
actory  is  being  built  at  Cowansville, 
|0ue.,  to  house  R.C.A.  Victor’s  Electronic 
' 'ubc  A.ssembly  Plant.  This  is  the  Com- 
lany’s  sixth  plant  in  Canada.  Its  con- 
Iniction  was  necessitated  by  both  the 
Icsearch  and  the  Communication  De- 
artmcnt.s’  need  for  more  space.  The 
ew  plant,  covering  10,750  square  feet, 
i i being  erected  by  Hill-Clark-Francis 
',)uebcc)  Limited,  and  will  be  occupied 
, in  a long-term  basis. 


, oN  ONTARIO  HYDRO  HELICOPTER 
/ a be  used  for  the  complete  airborne 
1 aiilding  of  a 50-mile  transmission  line  in 
! «ortliem  Ontario,  performed  pole-set- 
ng  trials  recently  near  Brampton.  Six 
,.300  pound  wood  poles  were  airlifted, 
ne  at  a time  and  dropped  into  ma- 
liine-dug  holes.  This  operation  was  a 
•yout  of  methods  to  be  used  by  pilots 
dio  will  fly  the  helicopter  in  the  line 
iiilding  job  this  winter.  The  helicopter 
ill  also  be  used  to  string  conductors, 
irlift  men  and  equipment.  This  will  be 
le  first  major  air  constniction  of  a 
I ower  line  by  Ontario  Hydro. 


, VTERNATIONAL  BUSINESS  MA- 
! HINES  has  announced  the  develop- 
, lent  of  Hypertape,  a high-performance, 
lagnctic  tape  system  incorporating  sig- 
t ^ificant  engineering  and  technological 
t Ivances  in  tape  handling,  data  encod- 
I ig  and  tape  movement.  The  new  input/- 

iitpiit  system,  for  u.se  with  the  IBM 
)74,  7080  and  7090  computers,  is  com- 
Dsed  of  the  IBM  7340  Hyp(;rtape  drive 
id  the  IBM  7640  Hypertape  control. 
* he  iirincipal  engineering  advances  are 
new  recording  techni<nie  for  greater 
•liability  and  character  density,  an  ad- 
‘ meed  single-capstan  tape  movement 
stem  and  cartridge  loading  to  eliminate 
I manual  handling  of  magnetic  tape. 

j NEW  MOLECULARLY  ORIENTICD 
I rlylic  sheet  known  as  ’I’nffak  has  been 
|iniinneed  by  Rohm  & Haas  Company, 
mflak  eombines  the  outdoor  weathering 
(•nperlies  of  I’lexiglas  acrylic  shec't  witli 
(her  speeilie  characteristics  which 
|.ike  it  parlienlarly  useful  for  a number 
j .ipplieations.  Tnllak  is  resistant  to 
leking  and  crazing.  It  can  be  nailed 
pmiehed  without  cracking  if  the 
ioper  teehniipu'  is  used.  It  can  be  ns('d 
I a glazing  material  since  it  is  rigid, 
.msparent,  lightweight  and  highly 
biithei  resistant. 
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formation  of  a new,  wholly-owned  | 
manufacturing  subsidiary,  Houghco  j 
Products  Limited.  This  company  will 
produce  and  sell  the  “Payloader”  rub-  1 
ber-tired  tractor-shovels,  “Paydozer” 
pusher-dozer  units,  and  “Paymover”  j 
towing  tractors,  which  were  developed 
by  the  Frank  G.  Hough  Gompany,  an 
affiliate  of  International  Harvester.  The 
new  factory  and  offices  will  be  built  at 
Gandiac,  Que.,  with  production  staring 
at  the  end  of  1962. 

A 16-AMPERE  ‘Rock-Top’  Trinistor 
controlled-rectifier  has  been  made  avail- 
able in  a high-reliability  design  by 
Canadian  Westinghouse  Company  Limi- 
ted. These  new  Trinistor  devices,  fea- 
turing hard  soldered  junctions  and  her-  I 
metically  weld-sealed  cases,  are  intended  ■ 
for  industrial,  military  and  consumer  ap-  , 
plications. 

CARSEN  INSTRUMENTS  LIMITED 
Toronto  is  marketing  a fibre  glass  tape 
measure  with  the  trade  name  of 
ESLON.  This  tape  is  made  from  30,000 
individual  lengths  of  fibre  glass  coated  I 
with  tough  plastic  Polyvinyl  Chloride,  ! 
imparting  a quality  of  extreme  strength 
while  retaining  a soft  flexibility  similar 
to  fabric.  ELSON  resists  creasing,  and 
remains  accurate  wet  or  dry.  It  has 
clear  distinct  graduations  in  either 
inches  and  eighths  or  tenths  and  half 
tenths. 

ONTARIO  HYDRO  has  announced  the 
award  of  a contract  valued  at  approxi- 
mately $9  million  to  the  Associated 
Electrical  Industries  of  Canada  Limited, 
for  two  3,000,000-kilowatt  steam  turbo- 
generators. The  units  will  be  installed  at 
Hydro’s  Lakeview  Generating  Station, 
now  under  construction  west  of  Toronto. 

A GONTRAGT  for  the  design  and  con- 
struction of  a new  crude  and  vacuum 
stilling  unit  and  auxiliary  facilities  at  the  . 
Port  Credit  refinery  of  Regent  Refining  j 
(Canada)  Limited,  was  awarded  to  the  j 
Fluor  Corporation  of  Canada  Limited. 
Regent  is  a subsidiary  of  Texaco.  The 
project  will  increase  the  refinery’s  capa-  i 
city  from  26, ()()()  to  3.5,000  barrels  per 
day. 

A NEW  NAME  in  Canada,  DeLaval  j 
'riirbine  Canada  Limited,  has  assumed  | 
responsibilities  for  furnishing  to  Cana- 
dian industry,  e<iuipment  designed  by  ! 
DeLaval  Steam  'rurbine  Company  of  ' 
Trenton,  N.J.  Headquarters  are  located  ' 
in  Toronto  with  a branch  in  Montreal. 

\1CKERS-SPI’,RRY  of  Cianada,  Ltd.,  h.is  ' 
ahinoimeed  the  asailability  of  piston-type  , 
aeenmnlators  for  a wide  rang»'  of  indus-  i 
trial  hydraulie  applie.itions.  Shock-free 
operation  and  reduced  inaintenanci'  are 
aehiesed  through  a m-w  d<\sign  combin- 
ing a siieeial  seal  assembly  and  a hollow 
Moating  almninnm  piston.  N'ickers-Sperry 
acemmilalors  are  avail. ible  in  sizes  r.ing- 
ing  from  75  en,  in.  to  2950  eu.  in.  tot.il 
eapaeily  and  .ire  designed  for  operating 
pressures  to  3000  psi, 


HI-BOND 
REINFORCING 
BARS  OF  HIGH 
STRENGTH  STEEL 


In  modern  concrete  construction  you 
can't  afford  “dead"  weight.  Burlington's 
Hi-Strength  bars  save  material  and  re- 
duce “dead"  load.  Write  for  additional 
information. 


Conforming  to  C.S.A.  Specifications 
G30.2,  G30.6,  for  sizes  3 to  11— guaran- 
teed 50,000  psi  minimum  yield  point, 
and  sizes  14S  and  18S  to  A.S.T.M. 
specification  A408-58T. 

Also  available  by  arrangement,  special 
grade  60,000  psi  minimum  yield  point 
and  A.S.T.M.  A-431  (75,000  psi  mini- 
mum yield  point). 


nis 


Burlington  Steel  Company 


Division  of  Slofcr  Steel  Irv^.-.fi  .e--  ^ niue. 


HAMILTON 
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Consulting  Services 


WIGGS,  WALFORD,  FROST  & 
LINDSAY 

^ Consulting  Engineers 


INDUSTRIAL  SURVEYS,  REPORTS  AND  APPRAISALS 
CIVIL,  ELECTRICAL  AND  MECHANICAL  ENGINEERING 
DESIGNS,  SPECIFICATIONS  AND  SUPERVISION 


TORONTO  MONTREAL  OTTAWA 


lUdson  1-6496  HUnter  1-7741  CEntral  6-5371 


WOOD,  McADAM  & MAGOR 

Consulting  Engineers 

STRUCTURAL  - MECHANICAL  - ELECTRICAL 
DESIGNS,  SPECIFICATIONS  and  SUPERVISION 

4444  SHERBROOKE  ST.  WESTMOUNT,  P.Q. 
WE:  5-8587-8588 
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|VMPOSIUM  ON  ACOUSTICAL  FATIGUE. 

IIow  to  predict  or  measure  the  noise  spectrum  to  which 
structure  is  exposed,  how  to  determine  the  stresses  and 
^ration  modes  produced  by  that  noise,  how  to  predict 
: fatigue  life  under  such  random  loading,  how  to  verify 
it  prediction,  and  how  to  design  for  increased  fatigue 
Ï are  the  subject  of  the  five  papers  included  in  this 
nposium,  (Philadelphia,  American  Society  for  Testing  and 
jterials,  1961.  65p.,  $2. .50.  stp  no.  284.) 

BOPERTIES  OF  CRYSTALLINE  SOLIDS. 

This  volume  contains  papers  from  two  symposia,  “Re- 
nt IVogress  in  Materials  Sciences”  and  “Nature  and 
igin  of  Strength  of  Materials”,  both  held  during  the 
ty-third  annual  meeting  ASTM,  1960,  in  Atlantic  City, 
;w  Jersey.  The  emphasis  is  on  the  science  of  solids,  blend- 
{ the  disciplines  of  crystal  physics,  mechanics,  chemistry, 
il  metallurgy.  (Philadelphia,  American  Society  for  Test- 
; and  Materials,  1961.  143  p.,  $4.00.  stp  no.  283.) 

rMPOSIUM  ON  LOW-TEMPERATURE  PROPERTIES  OF  HIGH- 
lENGTlI  AIRCRAFT  AND  MISSILE  MATERIALS. 

I'lic  papers  contained  in  this  symposium  attempt  to 
'sent  an  overall  picture  of  the  present  state  of  knowledge 
icerning  the  cryogenic  jiroperties  of  high-strength  ma- 
ials.  Attention  is  focused  on  the  mechanical  properties 
liigli-strength  sheet  alloys  at  tempiiratures  ranging  down 
— 423°F.  Aluminum,  magnesium,  titanium,  and  stain- 
s steel  alloys  are  studied.  (Philadelphia,  American  Society 
'IV'sling  and  Materials,  1961.  225p.,  $7.00.  stp  no.  287.) 

iMIGE-sr/.E  PERFECT  DIFEUSORS,  2nd.  cd. 

survey  of  the  problems  of  light  distribution  for  diffuse 
litters  of  both  finite  and  inlinite  dimensions.  Features 
jtlie  book  include  a .set  ol  49  charts  from  which  iilumina- 
pi  values  produced  by  diffuse  light  .sources  can  be 
jnputed  directly,  a siit  of  coeffieient-of-utili/.atiou  tables 
jlie  applied  in  computing  modern  installations  for  general 
lilting,  and  a new  method  for  com|)uting  the  sky- 
^lor  in  daylight  engineering.  In  addition  a rule  of  thumb 
! given  lor  bringing  most  of  the  problems  relating  to 
|ge  light  sonrees  within  the  scope  of  the  simple  inverse 
|iare  law  and  cosine  law.  (II.  '/iji.  F.indhoven,  l’hilh|)s 
' hnieal  l.ibrary,  I960.  196p.,  $ l..5().) 

leour  wiiin.R.s'  iiandiiook. 

I his  guide  to  pnieeihnes  and  teehniipies  used  in  report 
iling  covers  pieliminary  planning,  general  org.mi/ation, 
lural  writing,  use  ol  suppoiting  m.iterial,  and  selection 
1 preparation  ol  illustrations  and  tallies.  For  those  who 
list  supervise  production  ol  repoits  there'  are  sections 
development  ol  format  and  design,  and  methods  ol 
luting  and  landing.  ,\  series  ol  special  notes  w.irns  report 
jitiTs  .igainst  nnexpeeted  pillalls.  ((I.  F,.  \'an  ll.igan. 

a'.lewood  Clilfs,  I’rentiee  ILill.  1961.  276p.,  $6.7.5.) 

i 
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"understanding  digital  COMPUTERS. 

Following  an  introduction  which  gives  a broad  explana- 
tion of  what  a computer  is,  this  work  discusses  the  basic 
logical  elements,  summarizes  the  circuits  which  can  be 
used  as  building  blocks,  and  describes  the  functional  parts 
of  the  computer.  A concluding  chapter  offers  a detailed 
description  of  a specimen  computer,  and  ties  together 
the  concepts  and  principles  previously  developed.  The 
emphasis  throughout  is  on  principles  rather  than  on  hard- 
ware, and  each  principle  is  developed  with  illustrative 
examples  and  a minimum  of  complex  mathematics.  (Paul 
Siegel.  New  York,  Wiley,  1961.  403p.,  $8.50.) 

"statistical  analysis  and  opti.mization  of 

SYSTEMS. 

The  theory  and  methods  underlying  the  analysis,  syn- 
thesis, and  optimization  of  systems  in  which  statistical 
uncertainty  is  involved  in  the  process  dynamics  are  pre- 
sented. Special  features  are  an  emphasis  on  nonstationary 
ensembles  and  time-varying  linear  systems,  a simple  inter- 
pretation of  the  adjoint  method  of  statistical  analysis  for 
linear  time-varying  systems,  a detailed  consideration  of  the 
problem  of  producing  minimum  mean-squared  error  at 
any  time  with  nonstationary  statistics,  and  a thorough 
treatment  of  generalized  criteria  and  restricted  choices.  .\11 
applications  are  illustrated  with  examples  ss'orked  out  in 
sufficient  detail  to  display  either  the  complete  numerical 
results  or  the  means  by  which  they  are  obtained.  (E.  L. 
Peterson.  New  York,  Wiley,  1961.  190p.,  $9.75.) 

"SYMPOSIU.M  ON  NUCLEAR  METHODS  FOR  MEASURING  SOIL 
DENSITY  AND  MOISTURE. 

Newly  developed  nuclear  methods  for  measuring  the 
moisture  and  density  of  .soil  constitute  the  subject  matter 
of  this  symposium.  The  papers  presented  describe  the 
apparatus  used  in  detail,  present  data  obtained  on  specific 
projects,  and  evaluate  the  methods  by  comparing  results 
with  those  obtained  by  the  conventional  sand-cone  and 
oven  dr>'ing  methods.  (Philadelphia.  .-Vinerican  Soeiets-  for 
Testing  and  Materials,  1961.  105p..  $4.00.  stp  no.  293.) 

"hi- AT,  MASS  AM)  MOMENTl’M  TRANSFER. 

.\  jiarallel,  unified  treatment  of  the  tr.msfer  of  inomen- 
liim,  heat,  and  mass  is  presi'iited.  This  par.dlel  tri'.ilinent 
em|iliasi/es  the  similarity  of  the  go\'erning  eipiations  aiul 
.it  the  same  lime  indicates  their  .ireas  of  dissiinil.irils'.  Lhilv 
two  heat  li.msfer  meehanisms  are  suggesteil:  rtiiuhution 
and  r.idi.itioii.  ( aiiiveetion.  free  or  forced,  is  identified  as 
.1  bulk  motion  ol  lliiid  with  the  diffusion  processes  .sn)>«'r- 
imposed.  Theoietie.il  nu'lhods  ari'  developed  in  .i  s<-nes 
ol  problems  logiealb'  arr.inged  in  the  order  of  their  e-uu- 
plevily,  ,ind  s.ilid.ited  In  recent  «'vperiinent.d  results.  Im- 
port.int  are, IS  ol  a|iplication.  sncli  ,is  Ixiiling  and  i-m- 
densalion.  and  leeeiit  .idvanees  in  .iri-.is  such  .is  high  siv'rxl 
.mil  high  .iltiliide  llight.  arc'  i-onsideri-d  m di'iilh  W \l 
Hohsenow  .nul  II.  V.  ('hoi.  1-aiglew ixul  I'liffs,  Pre;:'  ■ ■ 
ll.ill.  1961  .‘.37p  . $1600  1 
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Who  can  afford  idle  machines 
when  downtime  costs  $4,000  an  hour 


Faulty  lubrication  practices  in  any  equipment 
can  take  a huge  bite  out  of  capital  investment, 
by  drastically  shortening  the  potential  life  of 
your  equipment.  Unnecessary  downtime  can 
skyrocket  your  maintenance  costs.  Finally  — 
and  most  important  — improper  lubrication 
cuts  man-hour  productivity  by  lowering  equip- 
ment availability. 

Properly  organized  lubrication  offers  poten- 
tial savings  of  many  hundred  times  the  cost  of 
the  lubricants  themselves.  But  only  manage- 
ment has  the  authority  to  make  these  potential 
savings  an  actuality. 

With  the  help  of  a Texaco  Lubrication  Engi- 
neer you  can  institute  a programme  which  will 


achieve  your  objectives.  If  your  present  policy 
permits  lubricant  recommendations  to  be  made 
by  department  heads,  foremen  and  operators  — 
the  savings  from  centralized  control  alone  can 
be  surprisingly  great. 

Get  in  touch  with  your  nearby  Texaco  Lubri- 
cation Engineer , or  write  Texaco  Canada  Limited, 
1425  Mountain  Street,  Montreal  25,  Quebec. 

_ _ _ _ /^Ac^ 

TEXACOnyr) 

Throughout  Canada  ^ 

The  United  States  — Latin  America  — West  Africa 
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IN  THIS  ISSUE 


Tlie  continuous  beam  is  encountered  with  sufficient  fre- 
fjuency  in  structural  design  to  warrant  special  considera- 
tion of  its  solution.  The  most  familiar  of  elastic  solutions  is 
the  moment  distribution  method.  However,  the  advantages 
of  the  more  rational  inelastic  design  methods  have  been 
established  with  the  Plastic  Design  Theory  for  steel  struc- 
tures. The  uniformity  of  safety  factor  leads  to  a more 
economical  use  of  materials  and  the  simpler  methods  to 
savings  in  the  design  office.  C.  Berwanger,  Assistant  Pro- 
fe.ssor,  Dept,  of  Civil  Engineering,  University  of  Manitoba, 
presents  in  his  paper,  “The  Limit  Design  of  Reinforced 
Concrete  Continuous  Beams”,  the  inelastic  or  Limit  Design 
method.  In  this  method  continuous  beams  are  made  up  of 
smaller  segments  or  elements:  Propped  cantilevers  (exterior 
spans)  and  fixed  beams  (interior  spans).  A complete  solu- 
tion of  the.se  continuous  beam  elements  for  required  mo- 
ment and  rotation  capacities  is  presented  for  both  concen- 
trated and  uniform  distributed  loading.  The  solutions  are 
I)re.scnted  in  graphical  form. 

The  application  of  a safety  factor  to  the  required 
rotation  capacity  is  recommended  where  the  fixity  at  the 
continuous  support  is  not  that  of  a fixed  end. 

Expressions  for  the  moment  and  rotation  capacities  of 
reinforced  concrete  sections  are  pre.sented.  The  u.se  of 
equivalent  loads  replacing  combinations  of  loading  is 
demonstrated  in  a design  example  which  also  illustrates  the 
proposed  lamit  Design  method. 

In  his  paper,  “Civil  Engineering  Education”,  S.  D.  Lash, 
Head,  Department  of  Civil  Engineering,  Queen’s  University, 
Kingston,  states  that  engineering  is  a profession  in  which 
art  and  science  are  integral  parts  of  a coherent  discipline. 
The  universities  are  training  two  groups  of  people,  an  elite, 
who  will  in  due  course  become  professional  engineers  and 
a larger  group  whose  activities  will  often  be  of  a sub- 
professional or  non-profe.ssional  character.  Undergraduate 
I training  must  therefore  consist  of  general  education  plus  a 
i broad  program  of  engineering  studies,  the  latter  consisting 
ol  ai)plicd  science  and  technology.  An  engineering  course 
: is  applied  .science  and  there  is  a danger  of  over-emphasiz- 
; ing  the  importance  of  basic  science  and  mathematics  and 
j of  under-emphasizing  the  humanities.  The  technological 
j eonlent  of  civil  engineering  courses  must  be  varied  and 
' some  selection  must  be  made.  Although  practical  experi- 
i enee  is  essential,  in  the  training  of  a civil  engineer,  it  is  not 
i necessary  to  limit  this  to  summer  vacations.  University 
I courses  might  well  be  shortened  for  those  who  wish  to 
get  their  degree  first  and  their  practical  experience  later. 

Oraduate  study  is  an  increasingly  important  part  of 
I fivil  engineering  education  and  at  the  Master’s  level,  greater 
I emphasis  is  now  being  placed  upon  course  work  than  for- 
, meily.  There  is  a danger  that  both  Master’s  and  Doctor’s 
programs  may  be  extended  over  excessive  periods  of  time. 

I “Modern  Tecliui((ucH  Solve  (hiiisiial  l,og  Driving  Vroh- 
Ivins"  b>'  (I.  E.  Davidgf,  Assistant  Hydraulic  Model  I'ingi- 
neer.  at  Hydro  I'ileetric  Power  (iomiuission  of  Ontario, 
Toionlo,  arid  D.  M.  l‘'oul<ls,  si.i.i.r,.  Hydraulic  Model 


Engineer  at  Ontario  Hydro  illustrates  that  techniques 
common  to  applied  research  work  may  be  adapted  to  solve 
a complex  log  driving  problem.  An  extension  to  the 
Cameron  Falls  Generating  Station  on  the  Nipigon  River 
caused  changes  in  the  current  in  the  forebay,  which  af- 
fected log  driving  operation  of  the  Abitibi  Power  and 
Paper  Company.  Large  quantities  of  wood  collected  on 
the  racks  of  the  powerhou.se  and  logs  were  jamming  be- 
tween the  guide  booms  some  di.stance  away  from  the 
entrance  to  the  log  chute.  The  extent  of  the  affected  area 
was  determined  by  a float  survey  which  also  indicated 
the  magnitude  and  direction  of  the  surface  currents.  By 
moving  the  booms  so  as  to  parallel  the  direction  of  move- 
ment, a moderate  improvement  was  achieved,  however  it 
was  evident  that  some  additional  force  was  required  to 
keep  the  logs  in  motion.  Flow  developers  were  considered 
to  offer  the  most  promising  solution  but  this  was  checked 
before  field  testing  by  constructing  a 1:24  scale  model  of 
the  headpond  and  of  each  developer.  The  solution  derived 
from  the  model  tests  was  verified  by  the  field  trials  xx-here 
one  full  season  of  operation  has  been  successfully  com- 
pleted. 

R.  Salmon,  a.m.e.i.c.  Research  Assistant,  Queen’s  Univer- 
sity, W.  B.  Rice,  M.E.I.C.,  Associate  Professor  in  Mechanical 
Engineering,  Queen’s  University,  and  L.  T.  Russell,  m.e.i.c.. 
Naval  Research  Establishment,  Defence  Research  Board  of 
Canada,  Dartmouth,  N.S.  describe  in  their  paper,  “Force 
Variation  During  the  Formation  of  Continuous  Segmented 
Chips  in  Metal  Cutting,”  the  method  of  measuring  the 
force  variation  and  corelating  it  xvith  the  phase  of  segment 
formation  in  chips  of  26S  aluminum  in  xvhich  the  segments 
were  completely  formed  in  .006  seconds.  The  results  and 
the  limitations  of  the  method  are  presented.  The  research 
upon  xvhich  this  paper  is  based  is  .supported,  in  part,  by 
the  Defence  Research  Board  of  Canada,  under  Grant 
DRB  953,5-03. 

During  recent  years,  considerable  improx-ement  of  de- 
sign procedure  and  construction  practice,  based  on  in- 
tensified re.search  and  recognized  engineering  principles, 
has  been  achieved  in  the  timber  construction  field.  This 
development  xvas  not  re.striced  to  saxvn  timber  con.s'tniction 
only,  but  encompassed  manufactured  timber  products,  such 
as  glued-laminated  timber  ami  structural  building  coin- 
lionents  made  of  plyxvood,  foundation  piling  and  pole 
frame  constnmtion,  as  xvell  as  wood  prescrx'ation,  timber 
fastenings  and  adhesives. 

To  imike  the  results  ot  this  ilexelopiuent  xx’ork  ax’ailable 
to  engineers  and  architects,  it  xxais  necessarx'  to  establish 
nexv  data  covering  imiterials  ami  design  procedure,  in 
recognized  specifications  ami  codes,  j.  M'.  \\yiiinid.  Chief 
Engineer,  Timber  Pre.serx’es  Ltd.,  in  his  paper  “CurrvnI 
('S.\  Specifications  on  Engineering  I^csign  in  Timber', 
presents  the  eomiilete  list  of  (i.S\  .Specifications  dealing 
with  struetural  wood  ;ind  xxood  prmluets.  and  gix'es  a de- 
t.iiled  diseussion  of  the  ilnuiges  ;uul  re.tsons  for  clninges 
ol  working  stresses,  guides,  .nul  design  iiroeeduri'S. 


COMiU  II  .IA  s ni  VTION 

The  7ruh  Annivcrsarij  Annual  Ceneral  Meeting  of  the  Engineering  Institute  of  Canada  u ill  he  held  June 
/2-/.>  III  Montreid  at  the  Qiiei’ii  I'.liudieth  Hotel,  right  foreground  in  the  cover  illustration,  this  picture 
taken  from  the  ( anadian  Imperial  Rank  of  ( iimmerce  Ruilding,  incluiles  the  eruciform-shaiied  Rniial 
Rank  of  ( anada  Ruilding  at  the  left,  il’hoto  courtesij  Dominion  Rriilgr  ( oin/vniiy  I imited.) 
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ENGINEERING 

1961 


REVIEW 


General 

Canada’s  economy  in  1961  offered 
;olace  for  the  optimist  and  fore- 
bodings for  the  pessimist.  In  just 
ibout  every  area  last  year  there  was 
mprovement  over  the  previous  year, 
lut  1960,  except  for  a relatively  rosy 
;xport  situation,  was  a difficult  year. 

Two  important  factors  were  the 
lecision  to  devalue  the  Canadian 
lollar,  and  the  increasing  interest 
ihown  in  the  United  States  towards 
nodifying  its  tariff  barriers. 

By  the  beginning  of  the  fourth 
(iiarter  la,st  year,  though,  the  economy 
generally  began  to  show  signs  of 
itrength  and  1961  ended  on  a strong 
lote. 

Canada’s  Gross  National  Product 
esumed  its  sluggish  rise,  and  by  mid- 
year had  surpassed  the  record  towards 
he  end  of  1960. 

Consumer  spending  on  non-durables 
ind  in  seiwices  was  brisk,  but  in 
Inrables  the  activity  was  static.  In- 
lii.strial  production  began  early  to 
ecover  from  the  previous  year’s 
iliimp.  This  helped  to  ease  an  ex- 
remely  uncomfortable  unemploy- 
nent  situation.  Business  outlays 
;howcd  little  strength  and  remained 
ar  below  the  1956-57  peak.  Cor- 
boratc  profits  managed  little  more 
:han  to  recover  from  the  previous 
icar’s  low. 


The  outlook  for  1962  is  for  con- 
tinued improvement.  But  the  rate  of 
advance  may  be  slower  than  was 
anticipated  six  months  ago.  This 
improvement  may  satisfy  the  opti- 
mists. The  pessimist  may  consider 
relatively  high  unemployment  in  an 
expanding  economy,  and  the  increas- 
ingly grim  battle  for  a good  share  of 
the  world’s  markets. 


ALUMINUM 

For  the  past  few  years  the  alumi- 
num industry  in  Canada  and  in 
other  countries  has  been  operating  at 
less  than  capacity.  There  are  no  in- 
dications that  this  situation  will 
change  in  1962.  The  demand  for 
aluminum  following  the  Second  World 
War  was  great  and  many  manufac- 
turers expanded  facilities  to  be  in  a 
position  to  handle  the  demand.  A 
series  of  economic  soft  spots,  such  as 
the  recession  from  which  we  still  are 
recovering,  has  caused  this  demand  to 
falter  somewhat. 

The  industry  generally  has  been 
using  this  slack  time  to  improve 
facilities  and  methods  so  that  pro- 
duction can  go  ahead  with  increased 
efficiency  when  the  demand  so 
warrants. 


Canada  consumes  only  about  15%  of 
the  aluminum  produced  here.  The 
result  is  that  the  industry  is  extremely 
sensitive  to  international  conditions. 
Included  are  the  trend  of  many 
countries  to  nationalize  industries,  and 
the  formation  and  increasing  strength 
of  common  market  groups. 

Aluminum  producers  in  Canada 
look  to  a somewhat  firmer  year  in 
1962,  based  mainly  on  better  distri- 
bution and  selhng,  and  on  increased 
use  of  aluminum  in  the  building  and 
construction  fields. 


AUTOMOTIVE 

Along  with  many  other  major  con- 
tributors to  the  economy,  the  auto- 
motive industry  viewed  1961  as  two 
halves.  The  first  half  was  not  par- 
ticularly encouraging,  but  during  the 
second  six  months  sales  increased 
rapidlv.  This  situation  is  continuing  in 
1962.' 

Last  year  Canadians  bought  about 
435,000  passenger  automobiles.  The 
indications  are  that  25,000  more 
will  be  sold  in  1962.  Truck  sales  are 
expected  to  maintain  their  le\’el  of 
recent  years  of  about  75,000  units.  .\ 
marked  increase  in  construction  pro- 
jects would  naturally  upgrade  this 
estimate. 
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With  the  increasing  demand  there 
has  been  noted  a decline  in  imports 
of  European  cars.  Last  year’s  imports 
of  107,000  units  were  15%  below 
those  of  the  previous  year. 

This  situation  is  e.xplained,  in  part, 
by  the  entry  into  the  market  of 
smaller  North  American  automobiles. 
In  1960  and  1961  their  sales,  respec- 
tively, were  57,000  and  76,000  units 
and  the  trend  is  expected  to  continue. 

Prices  held  steady,  and  the  industry 
hopes  that  this  will  continue  at  least 
until  the  end  of  the  present  model 
year. 

In  Canada  there  now  are  registered 
5,405,000  motor  vehicles,  including 


4,225,000  passenger  cars.  This  means 
that  there  are  10  passenger  cars  for 
every  43  Canadians. 


CHEMICAL 

Excess  production  capacity  both  in 
Canada  and  other  nations  of  the 
world  contributed  to  the  most  modest 
gain  in  the  Canadian  chemical  in- 
dustrv  since  the  end  of  the  Second 
World  War. 

Among  the  consumer  goods,  there 
were  few  significant  changes.  Pharma- 
ceutical preparations,  medicines, 
paints  and  varnishes  were  essentially 


unchanged  in  demand,  but  tlie  de- 
mand rose  sharply  for  synthetic 
detergents.  Increased  output  of 
chemical  pulp  and  a high  level  of 
activity  in  the  steel  industry 
strengthened  demand  for  some  in- 
dustrial chemicals.  Sulphuric  acid 
production  was  adversely  affected  by 
the  continuing  decline  in  the  uranium 
industry. 

Thus  while  domestic  consumption 
increased  only  slightly,  the  import 
total  increased,  due  largely  to  rising 
over-capacity  in  other  countries. 
Countering  this  to  a degree  were  the 
higher  sales  abroad  of  plastics  and 
fertilizers. 


Total  Iron 
and  Steel 


Non-Durables 


Total 

Industrial 


Mining 


The  above  graph  reflecting  trends  in  Industrial  Production  is  based  on  figures  compiled  by  the  Dominion  | 
Bureau  of  Statistics.  ! 
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COAL  AND  COKE  PRODUCTION 
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i Including  chemicals  used  in  the 
jrocessing  of  such  natural  resources 
1;  pulp  and  paper  and  minerals, 
bout  34%  of  Canada’s  chemicals  are 
<ported.  The  lowering  of  the  foreign 
^change  value  of  the  Canadian 
ollar  last  year  immediately  improved 
le  competitive  position  abroad  of 
lanadian  chemical  producers. 

Again.st  this  is  the  fact  that  about 
5%  of  the  chemicals  consumed  in 
ianada  are  imported.  In  many  cases 
ist  year  sweeping  price  cuts  made  by 
biited  States  and  other  foreign  pio- 
neers wiped  out  the  benefits  of  the 
)wer  foreign  exchange  rate  of  the 
ianadian  dollar. 

Two  major  factors  are  to  be  taken 
ito  account  when  an  analysis  is 
tteinpted  of  the  chemical  industry  in 
!anada  this  year  and  in  future  years. 
\'liile  the  industry  is  growing,  its 
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Alberta 

Thousand  tons 
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1,131 

427 

291 

93 

1,127 

429 

256 

101 

1,064 

.368 
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(DBS  Table) 

71 

cal  products  were  manufactured 
for  the  first  time.  However,  several 
projects  for  chemicals  new  to  Canada 
are  planned  for  this  year.  These  in- 
clude isocyanates,  cyclohexane,  lithium 
chloride  and  metal.  All  of  these 
products  now  are  imported.  The 
emphasis  will  continue  to  be  on  new 
or  expanded  plants  for  such  estab- 
lished products  as  caustic  soda  and 
chlorine,  phosphates  and  urea. 

COAL 

During  1961  the  production  of  coal 
in  Canada  reached  its  lowest  point  in 
55  years.  And  while  this  was  part  of 
a long-time  gloomy  trend,  the  future 
prospects  actually  reveal  some  bright- 
ness. 

Two  main  factors  led  to  the  decline 
of  coal.  These  were  the  dieselization 
of  the  railroads,  and  the  switch  to  oil 


available  for 
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Exports 
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341 

I..537 

70 
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333 

1,783 

111 

2,80.3 

335 

1,410 

331 

585 

316 

coal  demand  will  stabilize  itself  at 
about  .500,000  tons  annually  and  that 
coal  and  coke  demand  probably  will 
not  be  further  affected  by  decreasing 
household  demand.  Another  further 
decrease  here  may  be  picked  up  by 
the  increased  use  of  these  fuels  in 
large  apartment  blocks  and  similar 
projects. 

Coal  now  is  gaining  ground  in  the 
iron  and  steel  industry,  and  is  holding 
its  own  in  general  industry.  In  addi- 
tion, substantial  gains  are  anticipated 
in  the  thermal  electric  field. 

As  has  been  noted  elsewhere  in  this 
review,  increasing  interest  is  being 
shown  in  Canada  in  thermal  genera- 
tion. Ontario  has  exhausted  its  h\  dro 
resources  situated  at  economical  dis- 
tances from  the  markets.  Even  the 
liydro-rich  provinces  of  Quebec  and 
British  Columbia  are  giving  increasing 


l'owlli  rate  has  slowed,  and  in  !)oth 
959  and  1960  this  rate  was  below 
•spectations. 


or  natural  gas  for  residential  heating. 

The  first  caused  a decrease  in  the 
production  of  bunker  coal  from  about 


attention  to  thermal  plants.  This  is 
expected  to  provide  a long-term  mar- 
ket for  coal. 


'I'lie  two  factors  then  are  the  gen-  12  million  tons  in  1951  to  700,000 


While  the  future  does  look  brighter. 


ral  rate  of  economic  recovery  in  both 
10  United  States  and  Canada,  and 
10  eltects  of  increasingly  competitive 
■tivity  from  foreign  producers. 
Dniing  1961,  very  few  new  chemi- 


tons last  year.  During  the  same  period 
the  consumption  of  household  coal 
and  coke  fell  from  1.3  million  tons  to 
•1.6  million. 

It  is  expected,  though,  that  bunker 


the  present  remains  somewhat  gloomv’. 
The  upswing  is  expected  to  be  long 
and  gradual.  In  the  meantime  other 
marginal  producers  will  be  forc-ed  out 
of  business. 


I’UI.fWOOD,  WOOD  IT'I.l’  AND  NEW.sl'U  I NT 
WOO//  /ot//>  pr/uturtion  newt/priut  shipmfuts 

pulfiwooil  wout/  pii/i>  nfWKprint  --  .«fr  v 

pr/)/lu/‘/ion  totol  lofrli/in/'i/tl  rhtmiral  rxportu  pro/lucti/ttt  totol  itomr.’tttc  fxport  of  p -a 


IhouH/in/i 

vor/ln  thoHnoiul  ton  ^ 


,1 

I.0H2 

HHi) 

s 

1.59 

r> 

125 

1 

•joa 

\ 

6^7 

ma 

S 

as 

r> 

\ a a 

1 

1S7 

a 

1 

H7I 

HHU 

0 

162 

7 

122 

\ 

\H7 

n 

ASS 

El 

mi 

s 

10 

IV 

lai 

2 

22i* 

0 

.\l 

711 

w',r> 

f! 

196 

•j 

163 

H 

)*\'2 

1 

A 7 A 

.M7 

n 

11 

7 

•I7li 

•J 

2 

\ 

.'.2 1 

00/, 

s 

169 

1 

130 

7 

\\)7 

7 

A *1 

/ 

asn 

n 

as 

n 

aao 

1 

:.Mi 

M 

824 

O.i  Î 

0 

ISl 

r» 

1 16 

0 

•Jto 

a 

AOS 

/ 

:>iv*i 

a 

u 

7 

au7 

n 

2Ai 

n 

.1 

1.695 

OA/ 

0 

1.S.3 

H 

112 

H 

MiS 

s 

AOO 

s 

ana 

•J 

ta 

1) 

ars) 

•J 

20s 

0 

.1 

I.6IHI 

OOH 

r, 

179 

7 

121 

\) 

2 

AAA 

0 

aivi 

aiv 

\ 

a'ja 

1 

202 

V 

V 

1 ,722 

OOi) 

s 

193 

\ 

161 

W 

A7n 

J 

a.M 

H 

a7 

\ 

ai  « 

7 

2/0 

V 

1,925 

OA 

1.S.5 

1 

1 12 

{) 

1S7 

n 

A70 

ft 

asn 

to 

IV 

a m 

a 

20] 

(1 

2,001 

OS/, 

/, 

.'lO.'i 

■171 

\ 

•.MJ 

a 

AOI 

ass 

•J 

\2 

s 

aia 

1 

20i 

iV 

N 

2.(Mi:t 

000 

s 

.5 18 

S 

171 

H 

‘2  ill 

s 

00^ 

• 

iVl  1 

S 

1 1 

s 

IVIHV 

0 

t ! a: 

«< 

D 

1 ,.30.S 

SSI 

1 

■I.Ml 

7 

116 

1 

iHi; 

i\ 

0 

aas 

1 

U 

aiG 

s 

van 

V 

.1 

992 

017 

7 

166 

1 

1 16 

IV 

.»  ^A 

; 

aih» 

as 

IV 

170 

iV 

V7*v 

0 

1 

716 

SOI 

1 

137 

1 17 

s 

ma 

IV 

An 

0 

nvs 

s 

aiv 

n 

lai 

•1 

j * n 

M 

.597 

00  / 

/, 

187 

S 

198 

7 

•jas 

IV 

A?l 

ajs 

\ 

la 

0 

IS.1 

1 

7 

\ 

It  1 

OAI 

A 

167 

1 

1.59 

\ 

•.’an 

t 

A ,0 

; 

aan 

a 

to 

\ 

am 

1 

2: 

M 

721 

IJS)  * 

\ 

.508 

7 

187 

H 

IMW 

1 

AOI 

i> 

1 

1 1 

\ 

aan 

0 

,1 

1.797 

o:s 

1 

181 

t 

191 

2A0 

0 

.*.»>■ 

.f 

ara 

11 

a»i 

7 

a.i  i 

.1*'- 

i 

1 

I..l3;i 

OSn 

s 

176 

\ 

1 19 

(1 

22\\ 

n 

A A , 

0 

a A'.’ 

7 

aiv 

1 

am 

IV 

- Is 

\ 

1.622 

t.Ol.i 

n 

509 

2 

198 

A 

•.‘.M 

s 

as.» 

iti>'i 

a 

as 

•» 

;i7o 

.■* 

1..552 

00/, 

1 

183 

7 

175 

S 

•J.'iv 

1 

,s* 

aaa 

a 

m 

1 

ai^ 

’ ! ' 

1 1 

1 .7.35 

l.os/» 

r, 

52.5 

1 

.501 

\ 

JM7 

n 

asn 

•* 

1 1 

a 

aia 

N 

1 .79.3 

IJHi/, 

510 

H 

4.89 

a .'>.%* 

s 

lilH 

(x 

1 « 

a 

a:  1 

II 

I.O'.J 

•SHi 

too 

1 

135 

» ’V 

Mil) 

\ 

n 

7 

am 

4 

-PUS 


1 

!HI  ENGINEERING  JOURNAL  ||(i  MAY,  196}  37 


BUILDING  PERMITS 


instiiu-  4 

Prince-  ...  tional  and  | i 

New-  Edward  Nova  New  Saskat-  British  resi-  com-  govern-  , 

Canada  foundland  Island  Scotia  Brunswick  Quebec  Ontario  Manitoba  chewan  Alberta  Columbia  dential  industrial  mercial  ment 


thousand  dollars 
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43,401 

69,659 

17,301 

5,731 

16,726 

21,046 

88,474 

17,367 

44,783 

26,667  , 

191,051 

449 

751 

2,383 

1,713 

45,-525 

86,001 

6,771 

8,059 

25,315 

14,084 

122,657 

10,966 

32,429 

24,843 

M 

248,772 

5,115 

743 

3.078 

3,969 

53,432 

107,816 

19,782 

9,629 

27,241 

17,967 

146,227 

22,021 

41,700 

38,656  1 

.1 

225,860 

2,013 

879 

7.223 

3,881 

48,478 

94,012 

9,082 

9,873 

25,820 

24,599 

126,640 

18,559 

39,880 

40,670  1 

.1 

227,888 

1.603 

235 

4,018 

2,203 

52,673 

102,507 

9,099 

13,503 

27,027 

15,020 

116,509 

14,032 

41.679 

55.534  1 

A 

219,647 

1,468 

910 

3,880 

2,256 

54,829 

96,328 

9,209 

8,508 

22,986 

19,273 

114,708 

21,121 

44,499 

39,204  ! 

S 

200,303 

4,807 

201 

5,306 

2,660 

50,948 

85,022 

7,140 

6,232 

21,292 

16,695 

109,119 

17,370 

36,806 

36,897  j 

0 

217,006 

1,995 

316 

3,918 

4,831 

56,027 

86,101 

7,591 

12,423 

21,178 

22,626 

113,900 

19,357 

44,967 

38,637  f 

N 

191,540 

1,280 

259 

2,657 

2,682 

46,824 

89,299 

10,.529 

4,885 

16,343 

16,782 

95,247 

18,508 

40,142 

37,574  1 

D 

150,558 

248 

3,356 

5,597 

2,197 

29,489 

80,680 

2,535 

4,963 

9,585 

11,908 

55,148 

13.770 

33.062 

48,544  1 

(DBS  Table) 


CONSTRUCTION 

The  construction  industry  in 
Canada  represents  about  20%  of  the 
nation’s  gross  product.  This  extremely 
important  industry  has  had  a volume 
of  about  $7  billion  a year  since  1956. 
While  there  have  been  valleys  and 
peaks,  this  total  has  been  relatively 
constant,  with  a slight  but  discernible 
upward  trend. 

What  is  true  for  the  whole  also 
is  true  for  the  parts.  Federal  loans 
and  municipal  winter  works  programs 
provided  the  impetus  to  drive  water 
and  sewage  work  up  more  than  14% 
to  a total  of  about  $250  million. 
Marine  work  was  fairly  steady 
although  there  is  no  foreseeable  in- 
crease. On  the  other  hand  road  con- 
struction work  was  steady  in  a 
potentially  - expanding  situation.  De- 
creases in  power  and  communications 
were  offset  by  oil  and  gas  projects. 

These  enginering  works  still  repre- 
sent relatively  small  slices  of  the 
entire  construction  industry  volume. 
The  bulk  of  the  volume  went  to 
residential,  industrial,  business  and 
institutional  construction. 

Of  Canada’s  major  centres,  both 
Toronto  and  Montreal  appear  headed 
for  another  prosperous  year  in  1962. 
Both  cities  spurted  last  year  with 
Toronto  showing  the  larger  increase. 
A start  on  Montreal’s  subway  this 
year  could  reverse  this  situation. 


By  the  second  quarter  of  1961  the 
electrical  industry  began  to  shake  off 
its  previous  year’s  lethargy.  The 
recovery  was,  and  is,  gradual  rather 
than  spectacular.  It  is  generally  felt 
that  this  improvement  will  continue 
through  1962. 


In  the  section  of  the  industry  con- 
cerned primarily  with  the  engineering, 
production  and  sale  of  heavy  electrical 
capital  goods  the  recession  was  felt 
most  severely.  The  primary  reason 
was  over-capacity  in  the  plants  of 
both  utility  and  industrial  customers. 
This  over-capacity  still  exists  in  a 
good  number  of  areas. 

Among  the  encouraging  factors  last 
year  was  the  increasing  activity  in 
paper,  mining  and  steel.  Offsetting 
this  to  a degree  was  the  decline  in 
pipeline  construction. 

With  an  eye  to  the  future,  appai'- 
atus  manufacturers  are  entering  new 
product  fields  to  serve  anticipated 
needs.  Included  would  be  the  build- 
ing and  testing  of  air-blast  circuit 
breakers  which  are  vital  components 
on  EHV  transmission  system  designed 
to  move  large  blocks  of  power  over 
large  distances. 

As  has  been  noted  elsewhere  in  this 
review  electrical  utilities  are  turning 
increasingly  to  thermal  generation  as 
available  hydro  resources  are  ex- 
hausted. This  is  true  even  in  provinces 
such  as  Quebec  and  British  Columbia 
which  have  large  untapped  hydro 
sources. 

The  steam  turbo-generators  re- 
quired for  this  generation  will  be 
large  units,  and  Canadian  electrical 
manufacturers  are  investing  heavily 
in  upgrading  facilities  and  manpower 
to  compete  with  foreign  manufac- 
turers who  have  been  in  this  field  for 
many  years. 

Other  needs  which  Canadian  manu- 
facturers are  striving  to  fill  include 
marine  propulsion  turbines  and  marine 
turbine  generators.  These  needs  were 
created  largely  by  the  St.  Lawrence 
Seaway  which  can  accommodate  bulk 
vessels  having  a length  of  730  feet, 
and  a capacity  of  25,000  tons. 

The  appliance  segment  of  the  in- 
dustry fared  better  than  the  apparatus 


segment  last  year  in  spite  of  increas-  ■ 
ingly  competitive  conditions.  Appli- 
ance and  television  manufacturers  I 
concentrated  on  improved  products  at  j 
lower  prices,  but  in  spite  of  this  the  | 
consumer  response  was  somewhat 
soft.  I 

Japan’s  voluntary  quota  system  on  ! 
transistor  radios  was  of  some  help  to  | 
Canada’s  radio  industry.  On  the  other  | 
hand  increased  imports  of  tube  ! 
models,  on  which  there  is  no  quota, 
worked  its  own  hardships.  The  indus- 
try views  with  some  apprehension  the 
possibility  of  television  receivers  im- 
ported from  Japan,  and  similar  pro- 
ducts from  Europe,  assuming  similar  * 
proportions. 

Looking  ahead  it  is  felt  that  the 
existing  over-capacity  in  many  heavy 
industries  served  by  electrical  manu-  ! 
facturers  will  be  overcome  only  when  | 
the  total  economy  moves  forward  in  a { 
dynamic  fashion.  h 

As  the  prospect  for  the  total  econo-  |i 
my  in  1962  is  of  moderate  expan-  ! 
sion,  the  electrical  industry  expects  i 
to  move  forward  slowly.  ij 


NICKEL  I 

Increased  competition  was  the  situ-  j 
ation  last  year  in  the  nickel  industry,  ;! 
and  it  is  expected  that  this  competi-  j 
tive  situation  will  become  sharper  in  ; 
future  years.  j 

The  basic  cause  is  simple;  capacity  | 
exceeds  demand.  This  capacity  is  be-  I 
ing  steadily  increased  while  there  is  j 
no  proportionate  increase  in  demand.  | 
Nickel  producing  capacity  in  1961  | 
increased  about  15%  from  the  previous  j 
year,  and  was  about  double  the 
capacity  of  1951.  ; 

During  1961  the  United  States,  .I 
which  consumes  about  45%  of  the  free  j 
world’s  nickel,  started  slowly  but  by  j 
year-end  had  gained  considerable  j 
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PETROLEUM  AND  GAS 


Crude  Petroleum 

Natural  Gas 

Sales  of  manufacluTed  gas  including 

liquified  petroleum  gas 

Sales 

I ndustrial  arul 

Industrial  and 

XmportH 

Production 

Production 

Exports 

Total 

Residential 

commercial 

Total 

Residential 

commercial 

Thousand  Barrels 

million 

cu.  ft. 

J 

9,510 

18,319 

50,479 

8,474 

36,.344 

16,082 

20,246 

195 

121 

74 

F 

8,997 

15,908 

46,160 

8,202 

36,046 

15,950 

20,078 

203 

97 

106 

M 

11,124 

17,387 

49,041 

8,.54.5 

.37,1.53 

15,968 

21,168 

204 

79 

125 

A 

7,826 

14,693 

40,829 

8,718 

29,482 

11,660 

17,812 

181 

72 

108 

.\I 

9,692 

16,682 

38,940 

8,6.53 

24, .344 

7,481 

16,851 

178 

63 

115 

.; 

10,282 

15,837 

35,177 

8.461 

19,229 

4,.572 

14,6.52 

148 

47 

102 

J 

11,49.3 

16,1.50 

33,8.57 

8,325 

16,.384 

2,997 

13. .384 

121 

46 

74 

A 

12,712 

15,246 

34,2.34 

8,539 

17,0,5,3 

2,420 

14,631 

171 

47 

124 

S 

11,734 

15,6.54 

36,2.56 

8,131 

18,230 

.3,060 

15,166 

168 

60 

108 

0 

9,956 

14,.5.30 

43,989 

10,227 

22,576 

.5,.374 

17,195 

193 

70 

12.3 

N 

11,459 

15,013 

.50,736 

12,068 

29,870 

9,935 

19,922 

212 

71 

141 

D 

10,774 

16,422 

60,322 

14,142 

37,7.58 

14,692 

23,031 

227 

104 

123 

.1 

11,779 

17,612 

62,332 

15,023 

42,161 

18,329 

23,816 

275 

125 

150 

F 

10,317 

16,479 

.56,4.57 

14,284 

40,293 

17,799 

22,477 

2.52 

102 

1.50 

.M 

8,423 

16,361 

60,085 

1 5,788 

.38,.582 

15,002 

2.3,566 

2.50 

111 

1.39 

A 

11,830 

16,845 

.53,607 

13,970 

.34,1.31 

12,416 

21,705 

233 

103 

1.30 

.M 

11,741 

18,863 

.50,097 

14,4,59 

29,846 

8,924 

20.915 

226 

81 

14.5 

.1 

10,607 

17,893 

44,000 

13,187 

22,22.3 

4,673 

17,.547 

216 

81 

135 

.J 

10,456 

19,006 

43,1.55 

12,969 

18,826 

2,809 

16,015 

179 

45 

134 

A 

12,0.53 

19,644 

45,606 

12,085 

20,3.52 

2, .547 

17.803 

199 

41 

1.58 

s 

12,407 

19,556 

47,770 

12,031 

22,9.37 

.3,.560 

19,374 

219 

46 

173 

0 

18,174 

.54,398 

12,361 

29,440 

7,0.56 

22,.377 

244 

,58 

186 

N 

12,983 

34,921 

1 1 ,554 

23,3.57 

264 

59 

205 

D 

43,3.52 

17,361 

25,977 

271 

96 

175 

(DBS  Table) 


i 
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strength,  European  consumption  was 
below  that  of  1960,  but  still  was  quite 
j^igorous.  The  United  Kingdom  and 
:he  Common  Market  countries  con- 
(iume  about  35%  of  the  free  world’s 
bickel.  Japan  consumes  about  9%, 
Sweden  about  4%  and  Canada  about 
•2%. 

I The  price  of  Canadian  nickel  was 
ncreased  $ .4725  per  pound  in 
United  States  funds  because  of  higher 
■osts.  Another  development  was  the 
disposal,  in  co-operation  with  Cana- 
liaii  producers,  of  about  45  million 
[wuikIs  of  nickel  which  was  in  excess 
jjf  the  United  States  government’s 
i4rategic  requirements.  This  was  about 
|)  million  pounds  le.ss  than  was  dis- 
[josed  of  the  previous  year. 

I It  is  felt  in  future  years  the  demand 
lor  nickel  will  grow.  So  will  the 
j apacity  to  supply  this  demand.  The 
ic.snlt  will  be  a hard  competitive 
Mtnation. 


PETROLEUM 

During  1961  Canada’s  petroleum 
industry  continued  firm.  Natural  gas, 
in  particular,  experienced  a good 
year  and  expects  that  1962  will  be 
even  better. 

Development  of  gas  resources, 
particularly  in  Alberta,  and  the  con- 
struction of  service  facilities  necessary 
to  utilize  these  resources,  was  ex- 
tremely vigorous. 

In  1961  the  main  impetus  for  in- 
dustry growth  came  from  the  prepara- 
tion of  production,  processing  and 
transportation  facilities  following  ap- 
proval of  large  export  programs  the 
previous  year. 

While  the  Trans-Canada  Pipe 
Line’s  pipeline  to  export  gas  at 
Emerson,  Man.,  was  completed  before 
the  end  of  1960,  facilities  related  to 
the  larger  export  scheme  to  take 
Alberta  gas  as  far  south  as  California 


had  to  be  almost  entirely  completed 
last  year. 

Completed  were  seven  plants  for 
the  processing  of  gas  to  remove  such 
components  as  propane,  butane  and 
natural  gasoline.  In  three  cases  sul- 
phur from  the  field  had  to  be  re- 
moved. Of  these  seven  plants,  four 
were  exceptionally  large. 

Two  long  stretches  of  36  in.  pipe- 
line were  placed.  Alberta  Gas  Tinink 
Line  Company  Limited  had  to  build 
a new  gathering  system  in  Alberta. 
The  Alberta  Natural  Gas  Gompany 
pipeline  in  British  Columbia,  to  con- 
nect with  the  Alberta  system,  was 
completed  in  the  Crowsnest  Pass  area 
to  carry  gas  to  the  Idaho  border. 

Expenditures  relating  to  the  gas 
export  project  totalled  more  than 
$200  million  with  about  $65  million 
for  gas  processing  plants,  about  $100 
million  for  the  Alberta  Gas  trunk  sys- 
tem, and  about  $40  million  lor  the 
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Alberta  Natural  Gas  jDipeline. 

The  oil  producers  responded  to  the 
federal  government’s  stated  produc- 
tion goals  with  a 1961  total  of  234 
million  barrels  of  crude  oil  and 
natural  gas  liquids.  Alberta  accounted 
for  168  million  barrels  of  the  total 
output. 

The  increase  in  oil  production  over 
1960  was  30  million  barrels. 

This  additional  production  was 
absorbed  in  two  main  areas.  The 
United  States  increased  its  exports 
from  42  million  barrels  in  1960  to 
66  million  barrels  last  year.  Ontario’s 
consumption  increased  12  million 
barrels  to  83  million. 

The  production  of  natural  gas  also 
reached  a new  high  of  more  than  660 
billion  cubic  feet,  or  about  150  billion 
cubic  feet  more  than  in  1960. 
Slightly  more  than  half  the  gain 
came  from  increased  domestic  use 
and  the  remainder  from  increased 
imports  by  the  United  States. 


After  16  years  of  major  hydro 
development  in  Canada,  thermal 
development  once  again  came  to  the 
fore.  For  the  first  time  since  1945 
the  capacity  of  newly-installed  ther- 
mal electric  power  production  facilities 
in  Canada  exceeded  the  capacity  of 
new  hydro  generating  plants. 

In  1961  the  addition  to  Canada’s 
hydro  capacity  totalled  294,650  hp. 
— only  about  one-quarter  of  the  new 
power  made  available.  Additions  to 
existing  thermal  capacity  totalled 
667,725  kw. 

In  the  nuclear  field,  work  pro- 
gressed on  two  well-publicized  nuclear 
electric  power  generating  stations.  At 
year’s  end  the  20  Mw.  Nuclear 
Power  Demonstration  station  at 
Rolpton,  Ont.,  was  nearly  complete. 

Work  continued  at  the  Canadian 


Deuterium  Uranium  (CANDU)  sta- 
tion at  Douglas  Point,  near  Kincar- 
dine, Ont.  The  NPD  plant  was  built 
as  a precursor  of  larger,  more  eco- 
nomical nuclear  stations,  such  as  the 
200  Mw.  CANDU. 

Both  of  these  Atomic  Energy  of 
Canada,  Limited  plants  will  be  tied 
into  the  Hydro  Electric  Power  Com- 
mission of  Ontario  network. 

NPD  and  CANDU  are  fuelled  with 
natural  uranium  and  cooled  and 
moderated  by  heavy  water.  Much 
more  than  plants  which  simply  pro- 
duce power,  they  represent  the 
sustained  growth  of  Canadian  engi- 
neering and  scientific  competence  in 
the  design,  construction  and  operation 
of  heavy  water,  natural  uranium 
power  reactors. 

The  operation  of  CANDU  is  ex- 
pected to  demonstrate  that  this 
reactor  is  economically  competitive, 
and  to  open  the  world  market  for 
nuclear  power  to  Canadian  industry. 

Of  greater  immediate  assistance, 
however,  will  be  conventional  hydro 
and  thermal  power.  The  Canadian 
trend  to  thermal  plants  is  expected  to 
continue  during  1962. 

Advantages  of  combining  both  ther- 
mal and  hydro  generating  facilities 
are  receiving  increased  recognition, 
even  in  such  provinces  as  Quebec  and 
British  Columbia,  where  there  are  still 
large  hydro-electric  sites  which  can 
be  developed  economically. 

Current  construction  will  put  an 
additional  900,000  kw.  of  thermal 
power  into  service  during  1962.  In 
the  planning  stage  are  projects  which 
should  add  an  additional  2,500,000 
kw.  in  the  foreseeable  future. 

During  1962  an  additional  416,000 
hp.  of  hydro  capacity  will  be  brought 
into  service  across  Canada  and  pro- 
jects in  the  planning  stage  indicate  a 
reasonably  early  addition  of  8,100,000 
hp.  Of  this,  a major  portion — about 
5,100,000  hp. — ^will  be  achieved 


through  the  development  of  Quebec’s 
Manicouagan  and  Outardes  rivers. 


RAILWAYS 


Both  Canada’s  major  railways  con- 
tinued their  improvement  programs 
during  1961  While  these  programs 
are  designed  to  increase  efficiency  and 
lower  costs,  not  all  the  benefits  were 
realized  last  year.  As  with  any  major- 
segment  of  the  economy,  the  railway’s 
prosperity  is  tied  directly  to  the  pros- 
perity of  the  nation. 

The  Canadian  National  Railways 
and  the  Canadian  Pacific  Railway 
both  extended  their  piggyback  serv- 
ices. The  CPR,  for  the  first  time, 
handled  trailers  of  private  industry, 
and  also  completed  ground  work  for 
interchange  of  piggyback  traffic  with 
Uirited  States  railroads. 

The  CNR  added  new  freight  rolling 
stock,  extended  its  electronic  signal- 
ling network,  continued  its  main  line 
upgrading  and  introduced  incentive 
plans  for  both  shippers  and  passen- 
gers. Its  Telex  network  again  was 
e.xpanded. 

New  yards  and  yards  facilities 
were  added  by  the  CPR.  Centralized 
control  was  extended  and  sales  ofiices 
were  integrated.  The  Telex  network 
was  extended  to  66  from  37  stations. 

“While  every  effort  is  being  made 
to  improve  the  position  of  the  com- 
pany through  provision  of  improved 
equipment,  new  services,  and  modern 
merchandising  methods,”  CPR  Presi- 
dent N.  R.  Crump  wrote  in  the  Mont- 
real Gazette,  “it  is  unfortunate  that 
depressed  statutoi-y  freight  rates 
impose  a heavy  and  unwarranted 
burden.  Canadian  Pacific,  with  its 
freight  rates  frozen  by  government 
decree  and  faced  with  fantastic  new 
wage  demands  from  the  non-operat- 
ing unions,  calls  for  fresh,  new  think- 
ing along  the  whole  broad  front  of 
government-labor  relations.” 


1 
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TOTAL  ELECTRIC  POWER 


net  generation 

net  exports 

available 

hjjclra  ulic 

thermal 

total 

utilities 

industries 

total 

primary 

secondary 

million  kilowatt  hours 

1960  .1 

9,191 

698 

9,889 

7,828 

2,061 

381 

9,508 

8,814 

694 

F 

8,790 

0.54 

9.U4 

7,401 

2,043 

334 

9,110 

8,410 

700 

M 

9,320 

7.52 

10,071 

7,821 

2,2.50 

346 

9,725 

8,961 

765 

8,811 

600 

9,411 

7,296 

2,115 

424 

8,987 

8,287 

700 

M 

8,76.5 

003 

9,369 

7,.392 

1,977 

510 

8,8.58 

8,275 

584 

.1 

8,557 

578 

9,135 

7,165 

1,970 

536 

8,. 599 

8,027 

572 

•J 

8,477 

579 

9,057 

7,047 

2,009 

635 

8,422 

7,882 

540 

A 

8,643 

683 

9,326 

7,212 

2,115 

618 

8.708 

8,172 

536 

S 

8,. 521 

735 

9,256 

7,165 

2,091 

432 

8,824 

8,297 

527 

0 

8,784 

794 

9,578 

7,423 

2,1.54 

.371 

9,206 

8,636 

571 

N 

8,812 

778 

9,591 

7,475 

2,116 

316 

9,275 

8,751 

524 

D 

9,096 

814 

9,910 

7,7.58 

2,152 

224 

9,686 

9,138 

548 

1961  -T 

9,090 

893 

9,989 

7.810 

2,179 

181 

9.808 

9,243 

565 

F 

8,1.56 

861 

9,018 

7,002 

2,016 

126 

8,891 

8,430 

461 

M 

9,030 

837 

9,867 

7,.599 

2.269 

199 

9,668 

9,071 

597 

A 

8,732 

087 

9,419 

7,318 

2,101 

332 

9,087 

8,522 

565 

M 

8,988 

701 

9,689 

7,604 

2,085 

393 

9,297 

8,673 

624 

.J 

8,276 

030 

8,906 

7,021 

1,885 

320 

8,.586 

8,228 

358 

.1 

7,978 

065 

8,643 

6,941 

1,701 

330 

8,313 

7,888 

425 

A 

8,060 

767 

8,833 

7,077 

1,755 

217 

8,615 

8,214 

401 

s 

8,109 

824 

8,993 

7,203 

1,790 

221 

8,772 

8,341 

431 

O 

8,882 

855 

9,737 

7,645 

2,092 

194 

9,. 543 

9,058 

485 

N 

8,949 

897 

9,846 

7,737 

2,110 

133 

9,713 

9,233 

479 

D 

9,.349 

929 

10,279 

8,102 

2,176 

139 

10,139 

9,607 

533 

40 
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RESEARCH 

Research  can  not  be  gauged  on  a 
year-to-year  basis.  Other  sections  in 
this  summary  report  have  compared 
1961  with  the  previous  year,  and 
have  attempted  to  project  into  1962 
and  the  future. 

Research  is  the  basis  of  progress, 
j It  is  that  obvious,  and  that  necessary. 

I There  are  two  broad  research  areas 
! — in  industry  and  in  university.  While 
they  may  be  approached  differently — 

; applied  or  pure  research — they  both 
îfill  fundamental  needs, 
j Canadian  industry  is  hampered  by 
!a  domestic  market  that  ordinarily 
permits  less-than-optimum  produc- 
tion. Re.search  is  necessary  to  drive 
down  the  unit  costs.  When  this  is 
done,  the  product  most  often  becomes 
i highly  competitive  in  world  markets. 

In  universities  the  situation  is 
jclear  cut.  A crisis  exists  in  higher 
'education  and  this  crisis  will  worsen 
junle.ss  universities  are  given  the 
money  to  fulfill  their  functions. 

! The  most  commonly  mentioned 
I financial  amount  required  by  univer- 
sity .sciences  is  $10  million  a year  for 
lat  least  the  next  five  years.  This 
money  is  needed  for  buildings,  facili- 
ties and  scholarships  or  fellowships. 

E.  W.  R.  Steacie,  President  of  the 
National  Research  Council,  summed 
the  situation  in  a recent  statement: 

“The  financial  stability  of  our  uni- 
versities in  this  period  of  unprece- 
dented growth  is  vital  both  to  our 
domestic  needs  and  to  our  responsi- 
bilities in  the  world  at  large.  The 
opportunities  we  now  have  to  control 
and  direct  our  own  destiny  must  not 
he  allowed  to  slip  away.” 


SHIPBUILDING 

After  a number  of  increasingly 
stormy  years,  Canada’s  shipbuilding 
industry  appears  headed  for  better 
weather. 

The  big  factor  was  the  decision 
made  last  May  by  the  Federal 
Government  to  subsidize  shipbuild- 
ing in  Canada.  The  result  will  be  that 
Canadian  shipyards  will  be  able  to 
produce  vessels  at  about  the  same  cost 
as  their  British  counterparts. 

The  government  also  decided  to 
reserve  the  coasting  trade  on  the  St. 
Lawrence  and  the  Great  Lakes  to 
Canadian  ships. 

Some  results  may  have  been  notice- 
able late  in  1961.  In  November,  em- 
ployment in  the  industry  had  in- 
creased to  10,.500,  up  about  2,000  in 
10  months. 

During  1961  eight  .ships  were  com- 
pleted for  the  federal  government — 
three  passenger-cargo  ships  and  two 
pilot  boats  for  the  Department  of 
Transport,  a hopper  suction  dredge, 
a tug  and  a dump  scow  for  the  De- 
partment of  Public  Works. 

Three  upper  lake  type  bulk  car- 
riers, the  “J.N.  McWatters”,  “White- 
fish  Bay”  and  “Canadoc”,  three  pack- 
age freighters,  the  “Fort  Chambly”, 
“French  River”  and  “English  River”, 
one  tanker,  the  “J.  Edouard  Simard”, 
16  barges  and  one  tug  were  delivered 
to  domestic  commercial  shipowners  to 
serve  specialized  trades  in  water 
transportation. 

Two  small  vessels,  a diving  tender 
and  an  oil  disposal  and  cleaning 
barge,  and  five  barges  for  the  Royal 
Canadian  Navy  were  completed. 

No  ships  were  built  for  export. 


STEEL 

while  most  of  Canada’s  economy 
made  a halting  recovery  last  year, 
the  steel  industry  was  enjoying  a 
record  year.  Ingot  production  of 
about  6.3  million  tons  represented  an 
increase  of  about  10%  from  the  pre- 
vious year.  It  compares  with  the  pre- 
vious high,  set  in  1959,  of  5,921,800 
tons. 

Exports  last  year  were  smaller  in 
tonnage  but  higher  in  profit.  The 
percentage  of  exports  dropped  to 
12. .5%  from  about  19%. 

This  points  up  the  great  depen- 
dency of  the  steel  industry  upon 
secondary  industries  for  growth  and 
prosperity. 

Canada’s  steel  makers  have  earned 
respect  in  world  markets  for  their 
quality  and  imagination.  During  1961, 
for  example,  oil  and  natural  gas  were 
used  for  the  first  time  as  fuel  supple- 
ments in  blast  furnace  operation. 
With  this  is  the  growing  use  of  pel- 
lets, self-fluxing  sinter  and  other  forms 
of  beneficiated  ore. 

Lighter  and  stronger  steels  for  con- 
struction were  introduced  last  year, 
along  with  higher  strength  reinforcing 
rods  for  reinforced  concrete,  and 
light-weight  tin  plate  for  can  making. 
These  new  steels  are  in  direct  com- 
petition both  with  imports  and  with 
substitute  materials. 

Also  being  produced  now  are  wide- 
flange  structural  members,  and  plate 
mucb  wider  than  was  possible  to 
manufacture  in  Canada  a few  \ears 
ago.  Canada  now  is  self-sufficient  in 
tinplate  and  in  galvanized  sheets. 


CHEMICAL  ENGINEERING  PAPERS 
ARE  INVITED  FOR  JOINT  CIC-EIC  CONFERENCE 
at  Sarnia,  Ontario,  October  TM  to  24th,  1962 

'I'hc  (.'hciuical  Eiigiiiccring  Division  ol  the  E.l.C.  Committee  on  ’L'lhmlal  Dpeiations  will 
join  with  the  ( liemical  Eugiueeriiig  Dis  isiou  ol  the  ( hemii'al  Institute  ol  Canada  in  a Joint 
Dis'isioual  I'edmical  (ioiileic'iu-e  to  be  helil  at  Sarnia,  October  22ud  to  2lth.  Ivl.t:.  membeis 
ill  the  lield  ol  Chemical  Eupiiieei iiig  .ire  iiisited  to  submit  papers,  lu  this  coimeitiou.  .ill  Branch 
( liairmeii  and  ( liairmcii  ol  I’.ipers  Commillces  are  urged  to  support  tile  idC  b\  using  theii 
ellorls  to  obtain  snilabli'  jiapers.  .Ml  suggestions  lor  ji.ipi'is  .mil  olli'is  ol  p.ipers  should  lx- 
submilled  as  soon  as  possible  to  — 

I he  (bmeral  Seerelars 

20.51)  Mansfield  .Street.  Montreal. 
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LIMIT  DESIGN  OF  REINFORCED 
CONCRETE  CONTINUOUS  BEAMS 


! 


I 


C.  Berwanger,  M.E.i.c., 

Assistant  Professor,  Dept,  of  Civil  Engineering, 
University  of  Manitoba 


i 


The  advantages  of  the  more 

rational  inelastic  design  methods 
have  been  established  with  the  Plastic 
Design  Theory  for  steel  structures.  The 
uniformity  of  safety  factor  leads  to  a 
more  economical  use  of  materials  and 
the  simpler  design  methods  to  savings 
in  office  time. 

In  general,  the  inelastic  theory  of 
structures  may  be  applied  to  any  struc- 
tural material  with  adequate  moment- 
ductility  or  moment-curvature  charac- 
teristics. Sufficient  ductility  is  required 
at  the  critical  sections  in  order  that  a re- 
distribution of  moments  results  in  the 
ductile  collapse  of  the  structure.  Thus  a 
structure  has  definite  moment  and  ro- 
tation requirements  at  its  critical  sec- 
tions. There  must  be  sufficient  rotation 
capacity  at  the  sections  first  reaching 
ultimate  moment  capacity  in  order  that 
the  remaining  sections  may  reach  ulti- 
mate capacity.  In  the  case  of  reinforced 


concrete,  and  other  materials  of  limited 
ductility,  the  required  rotation  capac- 
ities at  the  critical  sections  must  be 
determined. 

This  paper  presents  an  inelastic  or 
Limit  Design  method  in  which  con- 
tinuous beams  are  considered  made  up 
of  smaller  beam  segments  or  elements  : 
propped  cantilevers  (exterior  spans)  and 
fixed  beams  (interior  spans).  The  com- 
plete solution  of  these  continuous  beam 
elements  is  presented  for  required  mom- 
ent and  rotation  capacities  for  both 
concentrated  and  uniform  distributed 
loading.  The  solutions  are  presented  in 
graphical  form  to  facilitate  design. 

The  variation  of  fixity  at  the  con- 
tinuous supports  is  discussed  and  the 
application  of  a safety  factor  to  the 
required  rotation  is  recommended.  De- 
sign expressions  for  the  moment  and 
rotation  capacities  of  reinforced  con- 
crete sections  are  included.  The  design 


problem  illustrates  the  proposed  Limit! 
Design  method  as  well  as  the  use  of! 
equivalent  loads  to  replace  combina-! 
tions  of  loading.  ! 

Some  additional  factors  that  would! 
require  consideration  in  design  are! 
adequate  shear  strength,  adequate  bond- 
ing and  anchorage  of  steel  reinforce-* 
ment,  the  increased  deflections  due  to  a! 
reduction  of  beam  flexural  rigidity  andl 
increased  slenderness  of  members,  asj 
well  as  any  factor  that  might  producel 
the  premature  failure  of  the  structure.! 
A proper  design  should  insure  that  the| 
ductile  collapse  of  the  structure,  ati 
ultimate  load,  can  be  realized.  ■ 

i 

EXTERIOR  SPANS 
Propped  Cantilever  with 
Concentrated  Load 

Elastic  Behaviour  and  Modes  oj  | 
Failure  : Consider  a propped  cantilevei  I 
of  span  L,  as  shown  in  Fig.  1,  with  a! 


CASE  I 


FIRST  YIELD 


PROPPED  cantilever 


SECTIONS 


CONCENTRATED  LOAD 


) 


i 

i, 

Fig.  1.  (left)  Load-Moment  Relationship  (Ideal) 


! 

Fig.  2.  (below)  First  yield  load  vs  position  of  load 
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single  concentrated  load,  P,  applied  at  a 
point  that  is  a variable  distance  KL 
from  the  fixed  end  or  continuous  sup- 
iport.  The  moment  diagram  shown  in 
jFig.  1 is  completely  described  by  Mi 
!and  Mi,  the  moments  at  the  critical 
jsections  1 and  2.  For  elastic  behaviour, 
'f)  <M  < My] 


1 

Ml 

PLK\l  - F:)(3  - K) 

(1) 

i 

2 

! 

Mi 

PLK{\  -K){2  - K) 

2 

(2) 

and 

1 

Ml  K{3  - K) 

Mi~  (2  - K) 

(3) 

Let 

My, 

^ = "ÏT" 

My„ 

(4) 

the  ratio  of  the  yield  moment  capacities 
of  the  two  critical  sections,  and  con- 
sider only  m < 1.0. 

d’he  yield  moment  capacity  may  first 
be  reached  at  section  1,  under  the  load, 
or  it  may  first  occur  at  section  2,  at  the 
continuous  support,  or  simultaneously 
at  both  .sections.  These  alternate  modes 
of  failure  have  been  termed  “Case  1”, 
“Case  2”  and  “Mechanism”  respectively. 

The  ratio  of  loads  for  first  yield  at 
j.section  I , Py^,  and  at  section  2,  Py^,  is 

j Py^  m{2  - K) 

I Py^  ~ m - K)  ^ 


'For  first  yield  at  section  1,  with  section  2 
'still  elastic. 


m{2  - K) 
KC^  - K) 


< 1.0 


When 


m(2  - K) 
m - K) 


first  yield  occurs  at  section  2 and  for 


m{2  - K) 
K{S  - K) 


= 1.0 


yield  occurs  simultaneoasly  at  1 and  2, 
and  a collapse  mechanism  forms  im- 
mediately. 

Figs.  2 and  3 are  graphical  presenta- 
tions of  these  elastic  equations.  They 
permit  the  rapid  determination  of  the 
mode  of  failure.  Case  1,  Case  2,  or 
Mechanism,  for  all  values  taken  by  the 
parameters  K and  m. 

Inelastic  Behaviour  — Moments  and 
Loads  : The  behaviour  after  first  jield 
has  occurred  is  largely  dependent  upon 
the  assumptions  made  regarding  the 
moment-curvature  relationship  of  the 
critical  sections.  To  develop  the  .simplest 
possible  expressions  for  design  purposes 
the  ideal  elastic-plastic  moment-curva- 
ture relationship,  shown  in  Fig.  4,  is 
as.sumed.  Analyses  based  on  the  non- 
ideal or  ela.stic-strain  hardening  moment- 
curvature  relationship  have  been  devel- 
oped by  the  writer  in  previous  work.‘'^ 

The  behaviour  after  first  yield  may  be 
.seen  by  considering  Case  1.  At  first 
yield  the  load  is  The  moment  at 
section  1 is  My^  and  that  at  section  2 is 
Mi  < My^  (See  Fig.  1).  As  the  load  is 
increased  into  the  range  Py^  <P/e  <Pult 
inelastic  rotation  occurs  at  section  1 
(under  constant  moment  My^,  with  il/2 
increasing  towards  My,^.  In  order  that 
the  collapse  mechanism  can  form  it  is 
essential  that  the  inelastic  rotation 
capacity  of  section  1 be  adequate  to 
pc'rmit  Mi  to  reach  My^.  When  section  2 
yields,  P = Pui.t,  the  ultimate  load 
capacity  is  reached  and  further  deforma- 
tion occurs  under  constant  load  until 
one  of  the  “hinges”  is  destroj-ed,  as  by 
crushing  of  the  concrete. 

'File  behaviour  of  Case  2 failure  is 


similar  to  that  of  Case  1.  In  the  case 
termed  Mechanism  both  critical  sections 
yield  simultaneously  and  no  inelastic 
deformation  is  required,  with  Py  = Pult. 

From  considerations  of  static  equili- 
brium the  ultimate  load  for  ideal  in- 
elastic behaviour,  is  : 

PvltKKI  - K)  = My^  + (1  - K)My^ 

(6) 

combined  with  Eqs.  (1)  and  (4)  to  give 
the  load  ratio 


2m 


PuLT  K(3  - K){m  + I - K) 
for  a Case  1 failure.  Similarlj'  the  load 
ratio  for  a Case  2 failure,  is 


— = (8) 

PuLT  (2  — K){m  -f-  1 — K) 

Inelastic  Behaviour — Curvatures  and  Ro- 
tations: Case  1 — The  curvature  due  to 
moment  at  first  3’ield  is 


<Pi/i  = 


El 


(9) 


in  which  El  is  the  flexural  rigidit}-  of  the 
section. 

After  first  j'ield  anj'  additional  load 
must  be  “carried”  bj'  the  right  hand 
part  of  the  beam,  BC  (Fig.  1).  AB  under- 
goes rigid  bod}-  movement  with  constant 
moment,  My^,  at  its  right  end.  The 
plastic  hinge  separates  the  two  elastic 
parts  of  the  beam,  and  is  spread  over 
some  finite  distance  called  the  hinge 
length,  Hl. 

From  the  free  bod\'  diagram  of  Fig.  1, 
it  can  be  seen  that  BC  is  now  in  effect 
a cantilever  with  the  differential  load 
(PuLT  — Ptf,)  at  its  free  end.  The  in- 
crease in  curvature  at  the  hinge,  over 
that  at  first  3"ield,  is  the  total  angle  of 
inelastic  rotation  or  angle  of  dis- 
continuit.v  Ijctween  the  elastic  j)ortions 
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of  the  beam  taken  over  the  hinge 
length. 

This  increment  of  curvature  at 
section  1,  is 


4>i,  = 


dr 


Gl  + 


(10) 


Hl  Hl 
in  which  dr  is  the  total  rotation  at  the 
hinge,  and  6l  and  Gr  are  the  respective 
angles  of  rotation  of  the  left  and  right 
portions  of  the  beam. 

Consider  only  the  increment  of  load 
(PuLT  — Pyj)  acting  on  the  cantilever 
B'C',  and  taking  a new  datum,  then  the 
angle  between  the  tangent  to  the 
cantilever  at  B'  and  the  new  reference, 
is 


(PULT  - PyMKLY 


2EI 


(11) 


The  deflection  at  the  free  end  of  the 
cantilever,  is 


„2) 


3EI 


The  angle  through  which  A'B'  rotates  as 
it  undergoes  rigid  body  movement  with 
B'  deflecting  is 


(1  - K)L 

Combining  these  gives 


(13) 


<P’i 


iPvi 


Py,){KLr(S  - K) 


(14) 


6PJ(1  - K)Hl 

The  curvature  at  ultimate  load  is 
equal  to  the  curvature  at  first  yield 
(Eq.  (9))  plus  the  incremental  curva- 
ture to  ultimate  (Eq.  (14))  : 


<^CLT,  (PuLT 

- = 1 +- 


PyMKLY (S  - K) 


QMy^a  - K)Hl 


(15) 


Rewriting  in  terms  of  the  parameters  K 
and  m gives  the  rotation  factor  : 


- 4>y^ 


^ - 1 


H_l 

L 


/v(3  - K)  - m{2  - K) 


(16) 


6/n(l  —K) 

Case  2. — The  curvature  due  to  mom 
ent  at  first  yiekl  is 


4>v.,  = -, 


El 


(17) 


After  the  first  hinge  lias  formed  at 
section  2,  the  beam  acts  as  if  simply 
supported,  Fig.  5.  Proceeding  as  before 
with  a new  datum  for  incremental  loads 
onl}’,  the  angle  of  discontinuity  at  the 
hinge  is  the  angle  between  the  tangent 
to  beam  A'C'  at  C'  and  the  new  datum  : 


(PüLT  - PJA'PTl  - A)  (2  - A) 


6A/ 


(18) 


The  increment  of  curvature  at  the 
hinge  is 


44 


i 


CASE  2 


ti. 


jL 


*uwt“ 


PROPPED  CANTILEVER 
CONCENTRATED  LOAD 


Fig.  5.  Load-curvature  relationship 


4>i.  = 


Hr 


(19) 


in  which  Hl  is  the  hinge  length  at 
section  2.  Similarly  Eqs.  (17)  and  (19) 
are  combined  into  a rotation  factor  : 


- 1 


Hl 

L 


m{2  - K)  - A(3  - A) 


6 


(20) 


A useful  design  tool  has  been  devel- 
oped in  Fig.  6.  The  left  half  of  this  dia- 
gram presents  the  solutions  of  the 
equations  for  Case  1 failures.  The  rota- 
tion factor,  given  by  Eq.  (16),  is  plotted 
against  the  ratio  of  first  yield  to  ultimate 
load,  given  by  Eq.  (7),  for  common 
values  of  the  parameters  A and  ?«. 
Similarly  the  right  half  presents  solu- 
tions for  Case  2 failures,  with  Eq.  (20) 
plotted  against  Eq.  (8),  inverted. 


Propped  Cantilever  with  LTniform 
Distribii  led  Load. 


Ml  = 0.0703ivL-  (21) 

Ah  = 0A2owL-  (22) 


The  ratio  of  first  jdeld  loads,  iVy^  for 
Case  1 and  tVy^  for  Case  2 failure,  is 


1.778m 


w 


(23) 


V2 


where  0 < m < 1.0. 
For  a Case  1 failure 

Wv 


-Vi 


Wy 


<1.0  and  m < 0.565. 


When  m > 0.565  a Case  2 failure  results 
and  the  mechanism  forms  when  = 
0.565. 

Inelastic  Behaviour  — Moments  and 
Loads  : The  modes  of  failure  are  of 
course  identical  to  the  previous  ease 


analysed.  From  considerations  of  equili- 
brium, the  relationship  between  ultimate 
load  and  yield  moments,  for  a Case  1 
failure,  can  be  shown  to  be  : 


0.117truLTA^  = Aly^  + (1 


A)il/„, 
(24)1 


The  ratio  of  first  yield  to  ultimate)  ( 


load,  is 


Wy 


1.664m 


WuLT  (m  + 1 - A) 


(25) 


where  A locates  the  hinge  from  the  con-| 
tinuous  support  and  is  equal  to  0.6251 
for  a Case  1 failure.  | 

The  ultimate  load  for  a Case  2 failure,] 
is  I 


0.5A(1  - 

= M,,  + (1  - K)My^ 


(26) 


Elastic  Behaviour  and  Modes  of 
Failure  : Consider  the  same  propped 
cantilever  of  span  L,  but  now  with  a 
uniform  distributed  load,  w,  over  its  full 
span.  For  elastic  behaviour,  0 < 4/  < Aly, 
the  moments  at  the  critical  sections,  are 


where  7v  = (1  -|-  m)  — ^/m-  + ?a.  This 
expression  has  been  derived  from  a con- 
sideration of  the  equilibrium  existing 
between  the  external  and  internal  work 
of  the  beam  element.® 

The  load  ratio,  is 


Wy„  4A(1  — A) 
leuLT  (m  4-  1 - A) 


(27)  i 


Inelastic  Behaviour  — Curvatures  and] 
Rotations:  Case  1. — Beyoiid  first  yield,) 
the  beam  portion  between  the  hinge 
and  the  continuous  support  acts  as  a! 
cantilever  with  the  distributed  load| 
(m’ult  — Wyf).  The  other  portion  of  the| 
beam  undergoes  rigid  body  movement 
as  in  the  previous  case  analj^sed,  and! 
additional  bending  as  a simple  beam  duel 
to  the  incremental  load  (u>ult  — ïe„j).  j 
Proceeding  as  before,  the  angle  of  the 
tangent  and  the  deflection  at  the  free  end 
of  the  cantilever,  are 


(■UJuLT  - ir„j)(0.625L)  , 

(28)  1 


6A/ 


and 


4 


Ô,'.  = 


(W’ULT  - UI„.)(0.625L)  (29) 


8A/ 


The  angle  of  rotation  of  the  left  beamj 
portion  at  the  hinge,  is  | 
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1 


wxsifT  — (0.625)  L 

Wi 

(wuLT  - M>„,)(0.375Ly' 
2AEI 


(30) 


Iwliich  is  the  angle  produced  by  rigid 
'body  movement  reduced  by  the  bending 
|of  the  simple  beam  effect. 

! Combining  these  e.xpre.s.sions  in  Eq. 
if  10),  the  incremental  curvature,  is 


1 0.0893  (wui.T  — '(Cî,j)L 

" ËÏhI 

[and  the  rotation  factor,  is 

0.287  - 0..508m 


_ 0!/. 


Hl 

L 


(32) 


Inhere  0 < m < 0.565. 

' Case  2. — Proceeding  similarly  the 
(hinge  angle  of  discontinuity,  is 


eR  = 


(WULT  — Wy^)L 

24Ë7 


(.33) 


I 'I'he  incremental  curvature  can  be 
jexpres.sed  in  the  form  of  Eq.  (19)  which 
jis  combined  with  the  iinst  yield  curva- 
jture,  Ecp  (17),  to  give  the  rotation 
factor  : 


(/iCI.Tj  ^ II L 
- 4>U2  J 

1 (m  + 1 — K) 
""  3 L 4/C(]  - K) 


(34) 


'when!  tlu!  location  of  the  hinge  within 
itlie  si)an  is  given  by 


I A'  = ( I + m)  — ■\/  ni^  + ai 

‘and  0..565  < ni  < 1.0. 

'I'Ik!  solution  of  these  ('xi)res.sion.s  is 
igre.'itly  siin[)lified  by  the  u.se  of  Pig.  7. 

[ The  left  half  of  the  diagram  prc'sents  the 
solutions  of  all  Case;  1 failun's,  with 
Pr|.  (32)  plotted  again.st  Ivp  (25)  for 
. coninion  values  of  the  parameter  ai. 

I .Similarly  the  solutions  for  Case  2 
failures  are  presented  on  tla*  right  with 
Pq.  (31)  plotted  against  E(|.  (27). 

I IM'DKKHt  SI'WS 

I ■(«•iiiii  willi  ( loiKTiil  rilled 

; l.oiid 

i Clast  ic  Hrhariaur  and  Mailrs  a/ 

I l''ailiirr:  ('onsiiler  a (i\('(l  beam  of  span 
/.  with  a singh-  concent  rated  loa<l,  /', 
i a|>plicd  at  a point  that  is  ;i  \-ariablc 
distance  h C from  the  right  ti\ed  end, 
..cc  Pig,  S,  Por  clastic  lichavioiir,  the 
moments  at  the  critical  sections,  arc 

U|  2/’/,A"(l  A)-  (35) 

the  moment  at  the  load,  the  moment  at 
the  left  support 


1/./  /’/.A‘(l  A)  i.'il'i) 

« liich  is  u ma\imum  w hen  A -it  A), 
and  the  moment  at  the  rinht  support 


Mor  = PLKil  - Kf  (37) 


which  is  a maximum  when  < (1  — K)- 

The  modes  of  failure  are  slightly 
different  due  to  the  formation  of  a third 
hinge  at  the  left  support.  A Case  1 
failure  is  first  j’ield  at  section  1,  under 
the  load,  followed  by  yield  at  either 
section  2L,  the  left  support,  or  section 
2R,  the  right  support,  or  simultaneous!}^ 
at  both  these  sections.  A Case  2 failure 
is  first  yield  at  section  2L  or  2R  followed 
by  yield  at  section  1 and  finally  at  the 
other  support.  The  order  in  which  the 
hinges  form  may  be  such  that  yield 
occurs  at  the  other  support  with  section 
1 yielding  last.  Both  have  been  termed 
Case  2 failures  .since  initial  failure  occurs 
at,  section  2L  or  2R,  the  supports.  The 
mechanism  mode  of  failure  occurs  when 
all  critical  sections  yield  simultaneously 
and  Py  = i^uLT. 

The  ratio  of  first  yield  loads,  are 


m 

2(1  - K)mR 


for  K > (1  — K),  and 


m 


(38) 


(39) 


for  K < (1  — K).  Where 


Inelastic  Behaviour  — Moments  and 
Loads:  From  equilibrium,  the  ultimate 
load  expressed  in  terms  of  the  xTeld 
moment  capacities,  is 

PvLiKLd  - K) 

= .1/,,  + My^, 

+ (1  — K)(My^j^  — My^j) 

(40) 

and  the  load  ratio,  for  a Case  1 failure,  is 

m 

Bult  2A(1  — A)(m  + 1 — K + Kvir) 

(41) 

Similarly  for  a Case  2 failure  the  load 
ratio,  is 

Py^ 

Pew  K{m  + 1 — A + King) 

(42) 

Inelastic  Behaviour — Curvatures  and 
Rotations:  Case  1. — Beyond  first  yield 
at  .section  1,  the  two  elastic  portions  of 
the  beam  behave  as  cantilevers  sharing 
the  differential  load  (Pr  — Py^,  where 
Py^  < Pr  < Pew-  Since  the  deflection 
at  the  hinge  is  that  at  the  free  end  of 
each  cantilever,  their  elastic  deflection 
expressions  can  be  equated  giving  a 
relationship  between  the  reactions  pro- 
duced at  the  supports  of  the  cantilevers  : 


m 


and  Mr 


.1/ 

37 


*'2« 


R2L  = 


(1  - Kf 


■ Ro 


(43) 


and  considering  only  0 < uir  < 1.0 
since  the  beha\'iour  is  similar  when 
y^L  — »2R' 


where  R.,^  = (Pr  — A^j).  Now 

consider  the  static  equilibrium  of  each 
cantilever  the  reaction 


'I’liese  elastic  expressions  have  been 
presented  in  Fig.  8 for  vir  = 1.0  and 
greatly  facilitate  the  determination  of 
the  section  of  first  yield  for  all  values  of 
the  parameters  K and  m.  For  /«*  < 1.0 
the  N'alues  from  Fig.  8 can  b(;  increased 
by  l/niR  to  determine  the  modi'  of 
initial  failure. 


R-iL 


(1  - K)L 


and 


R'ZR 


which  when  combined  with  the  previous 
expressions  yields  : 


M.r  = ^ ■ M 

A- 


OiL 


i44i 


Fig.  6.  Rotation  factor  vs  first  yield  load  ratio 
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The  angles  produced  at  the  hinge  by 
the  deflection  of  the  two  cantilevers 


under  the  differential  load 
is 


- PyX 


where  Q < mR  < 1.0  and  0 < m < 1.0. 

The  rotation  requirements  at  the 
second  hinge  to  form,  section  2L,  can  be 
shown  to  be  : 


62L 


(PULT  - P.JXV 


3(1  - K)EI 


(54) 


Ol  — 


- K)L 


The  incremental  curvature  at  the  hinge, 
is 


2EI 


(45) 


Ol 

Hl 


for  the  left  cantilever  and  for  the  right 
cantilever  : 


</>ULT2i  = ~ (51) 

where  i/i  is  the  hinge  length  at  section 


= 


O2L  + 62L 


Hl 

and  the  rotation  factor  : 


(55) 


M2rKL 


KŸL 


2EI 


2KEI 


(46) 


^ULT, 


- <l>. 


- 1 


L 


[3(1  - K)  - 2K{2  - K)]m  + 2K'(3  - K) 


It  has  been  assumed  that  yield  occurs  at 
section  2L  and  finally  at  section  2R.  The 
behaviour  is  similar  if  section  2R  yields 
and  then  2L  last. 

After  first  yield  at  section  2L  the  left 
portion  of  the  beam  undergoes  rigid  body 
movement  while  the  right  portion  con- 
tinues to  act  as  a cantilever.  The 
additional  angles  of  discontinuity  pro- 
duced at  the  hinge,  are 


L,  and  the  rotation  factor,  is 


«^ULT, 


- 4>  : 


î'2i 


Hl 

L 


- a - KfmR 


3(1  — K)mR 


dL  = 


(PuLT  - Py,j)IvL- 


3(1  - K)EI 


(47) 


and 


(PuLT  - PyJKV 


2EI 


(48) 


The  total  curvature,  is 
Ol  -|-  Ol 


<^ULTj  = 4> 


yi 


Hr 


(49) 


Combining  the  e.xpressions  developed 
in  Eq.  (49)  the  rotation  factor  in  terms 
of  the  parameters  K,  m,  and  Mr,  is 


62L  = 


(P„  - Py.JK-a  - K)L^ 


4EI 


!f>UI 


- 


^-1 


Hl 

L 


(1  - IQmr  + K(3  - K) 


6(1  — K)m 


(50) 


Fig.  7.  Rotation  factor  vs  first  yield  load  ratio 


6(1  - üf)  (3  - K)7nR 


(56) 


(52) 


(53) 


When  yield  has  occurred  at  section  1, 
the  left  portion  undergoes  rigid  body 
movement  and  the  right  portion  acts  as 
a cantilever,  this  being  the  same  be- 
haviour as  the  Case  1 failure  of  the 
propped  cantilever.  The  hinge  angle,  is 


For  the  second  mode  of  failure,  the 
behaviour  is  that  of  a propped  cantilever 
with  a Case  2 failure.  Now  the  angle  at 
the  hinge  is 


(P 


!'2fl 


PyJK\l  - K)L' 


4EI 


(57) 


for  0 < niR  < 1.0. 

Case  2. — Beyond  first  yield  at  section 
2L  behaviour  may  be  such  that  section  1 
yields  and  finally  section  2R,  or  section 
2R  and  then  section  1. 

Consider  the  first  of  the  above  modes 
of  failure.  After  first  yield  at  section  2L 
the  behaviour  is  that  of  a propped 
cantilever  with  the  load  (Pb  — Py^^ 
and  the  angle  of  discontinuity  at  the 
hinge  is  the  angle  of  the  tangent  to  the 
propped  cantilever 


Simple  beam  behaviour  results,  after 
yield  at  2P,  and  the  angle  of  the  tangent 
at  the  left  support,  is 


= 


(Pijlt  - PyJH{\ 


%E1 


(58) 


- 


y L 


Hl 

L 


(1  - K)m  - K 


6mR 


(59) 


Vi 


and 


PuLT 

PuLT 


P 


for  Case  1 


y2L 


P 


for  Case  2. 


y-2.R 


y^L 
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Combining  these,  as  in  Eq.  (55),  re- 
sults in  the  rotation  factor  : 


The  solution  of  the  expressions  de- 
veloped are  presented  in  Fig.  9,  for 
mB  = 1.0,  with  Case  1 failures  on  the 
left,  Eq.  (50)  plotted  against  Eq.  (41), 
and  on  the  right  for  Case  2 failures, 
Eq.  (56)  versus  Eq.  (42),  for  common 
values  of  the  parameters  K and  m. 

Behaviour  after  first  yield  at  section 
2L  is  that  of  a propped  cantilever.  The 
rotation  requirements  at  the  second 
hinge  to  form,  when  section  1 is  that  for 
a Case  1 failure,  Eq.  (16),  and  when 
section  2R  is  that  for  a Case  2 failure, 
Eq.  (20).  Fig.  6 may  be  used  in  their 
solution  where  the  load  ratios  are  now 


Fixed  Beam  with  Uniform 
Distributed  Load 

Elastic  Behaviour  and  Modes  of 
Failure  : Consider  the  same  fixed  beam 
of  span  L,  but  now  with  a uniform  dis- 
tributed load,  w,  over  its  full  span,  see 
Fig.  10.  For  elastic  behaviour,  the 
moments  at  the  critical  sections,  are 


i 


it 


46 


Ml  = 0.0417wL2  (60) 

MiL  = MiR  = 0.0833u)L2  (51) 

The  ratio  of  first  yield  loads,  are 


and 


Wy, 

2m 

= — 

(62) 

Wy^ 

2m 

= • — • 

(63) 

Wy,^ 

where  < mr  <1.0  and 
M„ 


rriL  = 


M 


for  M,,^  > My^^. 


ft  can  be  seen  from  Fig.  10  that  these 
modes  of  failure  are  similar  and  only 
Eq.  (62)  therefore  will  be  considered. 

Fig.  10  presents  the  solutions  for  the 
above  expressions  from  which  the  mode 
of  failure  can  be  determined  for  all 
values  of  the  parameters  m and  niR. 

Inelastic  Behaviour  — Moments  and 
Loads  : The  modes  of  failure  are  similar 
to  the  previous  beam  element  analysed. 
The  ultimate  load,  for  a Case  1 failure,  is 
0.12.5L2wult 

= + 0.5(M„2i  + M„2^)  (64) 

with  a hinge  located  at  the  mid-span» 
and  the  load  ratio  : 


v)y^  (m 

iVri.T  2m  rnR  -f  1 


(6.5) 


for  a Case  2 failure,  the  ultimate  load, 

I IS 

I0.5A7I  — K)Lht'r,i.'ï 

-f  (I  — K){My,^^  — My^j)  (66) 

• where  the  location  of  the  hinge  within 
'the  sf)aii  is  given  by  K = 0.625  when 
l.soetioii  I is  the  second  hinge  to  form,  and 
i/v  (I  -f  7h)  — ^ nfi  -|-  m when  sce- 
ifioii  ‘Hi  forms  after  first  yield  at  section 
|2A. 

'I’he  load  ratio,  is 


WULT 


^muKil  - K) 
m + 1 — K + KmR 


(67) 


Inelastic  Behaviour  — Curvatures  and 
Rotations  : Case  1 . — After  first  yield,  be- 
haviour is  that  of  two  cantilevers  with 
load  {wr  — Wy^,  where  Wy^  <Wr  < Wult. 
Proceeding  in  a similar  manner  as  the 
previous  analysis,  it  can  be  shown  that 
the  angles  of  discontinuity  at  the  hinge, 
are 


e,. 


Or 


- Wy^)(0.ôLf 
6EI 


(68) 


when  .section  2L  yields. 

The  left  portion  of  the  beam  now 
undergoes  rigid  body  movement  as  well 
as  additional  bending  as  a simple  beam 
with  load  (wult  — when  .section 

2R  yields.  The  right  portion  continues 
to  behave  as  a cantilever  with 


{WviJT  - Wy,,) 


as  load.  The  angles  produced  at  the 
hinge,  are 

(wuLT  - Wy.^J(0.5Lf 


8EI 

(tt’CLT  - Wy.,J(0.5LŸ 

24A7 


and 


Or 


(ti'CLT  - W„2i)(0..5L) 

6F7 


(69) 


(70) 


Combining  these  expressions  in  Eq.  (49), 
the  rotation  factor,  is 


<f>ri.T, 

- <t>u 


Ih. 

L 


_ -Umit  — 2m)  + 3(1  — mn) 

\2m 

(71) 

for  0 < mu  < 1.0  and  0 < m < 1.0. 

The  rotation  reciuired  at  the  second 
hinge,  section  2A,  is  given  b}'  Eq.  (51) 
and  the  rotation  factor  : 


Fig.  9.  Hotatioii  factor  vs  first  yield  load  ratio 


Fig.  8.  First  yield  load  ratio  vs  load 
position 


_ <hyoL  -1  ^ 


(72) 


Case  2. — After  first  yield  at  section  2L, 
behaviour  may  be  such  that  section  1 
yields  ne.xt,  a Case  1 failure  for  the 
propped  cantilever,  with  load 
or  a Case  2 propped  cantilever  failure 
may  result  next  with  load  «-V.t)- 

Proceeding  as  before,  it  can  be  shown 
that  the  rotation  factors  for  the  first 
of  these  modes,  is 

<^LLT.,i  Hl 

L -1 

_ 0.1.59  - 0.0.33/»  - 0.371WJ? 

niR 

(7.3) 

and  for  the  other  mode  : 


_ j 

- 


Hl 

L 


1 w -f-  1 — K -f-  Kiiir  1 j 

2L  6/v(l  — A’)/«/f  ‘Aiiir 

.:74) 

where  K = (1  4-  m)  —'\/)ir  -f  tn 


The  .solutions  of  tlie  exiire.s.sions  do- 
velo])ed  are  jtresented  in  Fig.  11,  with 
('a.se  I failures  on  the  left.  Eq.  ul' 
versus  E(i.  (tîô),  and  for  Ca.se  2 failun  s, 
E(].  (73i  versus  Eq.  (67'i.  for  common 
\alues  of  the  i>arameters  m and  tiiR 
shown. 

The  bi'ha\  iour  after  first  yield,  sta  tion 
2A.  is  that  of  .a  iiropi>e<l  cantilever  and 
rotations  re(|uinal  at  the  second  hingt 
is  that  for  a f’a.se  1 failur»'.  Eq.  32'. 
when  st'elion  1 yield.^  and  for  a ' :i  2 
failun'.  Eq.  31  when  r, . tion  2/i’  ye.a.!-. 
Eig.  7 m.ay  be  n.sed  in  the  sohilions  win-  .■ 
the  load  ratios  bcc-oine 


1 1 r 
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respectively. 

Moment  and  Rotation  Capacities  in 
Reinforced  Concrete 

The  theoretical  basis  and  experi- 
mental verifications  of  the  expressions 
for  moment  and  rotation  capacities  of 
reinforced  concrete  sections  have  been 
sufficiently  established  to  permit  their 
presentation  without  lengthy  develop- 
ment. 

Tension  Reinforcement  only  : The  yield 
Moment  Capacity  developed  from  the 
usual  elastic  theory 


My  = qMJc  11-3 


(75) 


in  which 


(h  = 


pL 

7c 


a parameter  describing  the  effective 
percentage  of  steel  and  the  other  sym- 
bols have  their  normal  significance.  The 
Ultimate  IMoment  Capacity’ 

-VuLT  = qybcfflu  - 0.59g,)  (76) 

and  the  Rotation  Capacity  for  design’’^ 
<f>MAX  1 


4>y 


Combined  Tension  and  Compression 
Reinforcement:  The  Yield  Moment 
Capacity 


Mu  = - 


fck  bd~ 


^)  + A4J,'d  (78) 


and 


d/uLT  = 5cr/cg„(l  — 0.59</u) -bg/j/A;  bd 

(79) 

where 


"a2R 


qu 


pfsu  - pfu 

fc 


(80) 


The  Rotation  Capacity 


0MA 


(by 


5qyqu' 


(81) 


The  Effect  of  V^ariation  in 
Continuous  Support  Fixity 

In  the  analyses  presented  the  as- 
sumption of  fixed  ends  at  the  continuous 
supports  was  made.  In  the  case  of  in- 
terior spans  of  a continuous  beam  this 
situation  obtains  when  adjacent  interior 
spans  are  of  identical  symmetrical  load- 
ing and  span  length.  The  arrangement  of 
load  and  span  length  of  exterior  spans 
and  their  adjacent  interior  spans  may 


be  such  as  to  produce  a fixed  end  effect 
at  the  common  support.  However,  in 
the  majority  of  cases  the  tangent  at  the 
continuous  support  will  be  other  than 
that  of  a fi.xed  end.  This  fact  would  seem 
to  limit  the  usefulness  of  the  solutions 
presented. 

The  collapse  mechanism  and  ultimate 
load  are  dependent  on  the  moment 
capacities  of  the  critical  sections  and  the 
load  position  (parameters  K and  m)  and 
independent  of  the  degree  of  fixity  (/) 
at  the  continuous  supports.  The  degree 
of  fixity  at  the  supports  controls  the 
value  of  the  elastic  moments  at  the 
critical  sections  as  well  as  the  mode  of 
failure  to  some  extent. 

Consider  the  case  of  an  exterior  span 
with  a single  concentrated  load  and  with 
fixity  at  the  continuous  support  less 
than  that  of  a fixed  end,  / < 1.0.  The 
moment  at  section  2 is 


Fig.  11.  Rotation  factor  vs  first  yield  load  ratio 


Mo 


fPLKil  -K){2  - K) 
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and  the  moment  at  section  1 has  been 
increased  as  shown  by  the  lower  dashed 
line  in  the  bending  moment  diagram  ol 
Fig.  1.  For  a Case  1 failure,  first  jdeld  af 
section  1 occurs  sooner  than  when 
/ = 1.0,  and  a somewhat  greater  rota- 
tion capacity  is  required  in  order  that 
the  collapse  mechanism  forms.  For  a 
Case  2 failure  the  rotation  required  is 
reduced  as  well  as  the  possibility  of  its 
occurrence. 

WTien  / > 1 .0,  the  elastic  moments  af| 
the  critical  sections  are  defined  by  the 
upper  dashed  line  in  Fig.  1 . The  moment 
at  section  2 builds  up  to  its  yield  capacity 
more  rapidly  than  when  / = 1 .0  and  re- 
quires additional  rotation  capacity  tc 
permit  the  formation  of  the  collapse 
mechanism.  Similarly  there  is  a reduc- 
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ion  in  tlie  required  rotation  for  a Case  1 
îiiliire. 

In  fçericral,  the  reduction  of  fixity  at 
line  of  the  continuous  sui)ports  increases 
he  rc(juired  rotation  at  section  1 while 
he  incr(!ase  in  fixity  increases  the  rota- 
ion  nxjuired  at  that  support  for  the 
orination  of  the  (iollapse  mechanism. 

'I'he  value  of  the  rotation  factor,  as 
ilhaincfi  from  Fi^;.  (5  or  similar  dia- 
:rain.s,  is  used  to  compute  the  reciuired 
'otation  capacity  (0i'i,t/0i,)  of  a critical 
cctioii.  A conservative  desiffii  value  for 
he  hiiinc!  leiif^th  (II i.)  is  the  effective 
Icpth  (tl)  of  the  section.*  For  ideal 
■la.stic-plastic  hcihaviour  the  hiiif^es  are 
issnmcil  to  he  conc('ntratcd  at  a single 
icetion.  lIow(!V(!r,  the  actual  hin{;;e 
cMuth  is  SOUK!  finite  Icnuth  of  beam  due 
(I  the  rei listrihution  of  stresses  produc- 
nH  vield  of  adjacent  secd.ions.  I n the  cas(' 
if  an  elastic-strain  hardening  material 
>nch  IIS  ri'inforced  eonci'ete  (he  hinne 
en^;tli  may  he  determined  from  the 
lending  moment,  diagram  at  (he  actual 
illimiite  load,  when  l/i  it  of  the  critical 
leetions  is  reached.  'I'hi'  Inline  forms  at 
and  all  sect  ions  wit  h greater  moment 
'om|)ri^e  the  Inline.  'The  portion  of  heam 
mdei'noinn  yielding  will  he  much  larger 
him  I he  ell  ec  live  dept  h and  the  i'e(|nired 

Ietationv  thus  less  than  when  computecl 
'll  t he  hiisis  of  II I (/, 
lhiue\cr,  when  the  ahii\'e  faelors  are 
■nn.iii|cred  as  well  as  the  uncertainties 
inrmallv  iissociated  with  reinforced 
■oncretc  it  would  seem  prudent  tn  Ill- 
lease  the  rei|nired  rutaliiins  h\  a .safets 
actor,  riie  re(|uired  mtations  com- 


Fig.  12.  Limit  design  problem 

puted  with  II L = d.  The  writer  does  not 
feel  that  a specific  value  can  be  quoted 
at  this  time  as  further  analysis  is  neces- 
sary to  determine  the  maximum  varia- 
tions that  occur. 

Applicution  <>f  l.iiiiit  Design  .Method 

Consider  the  design  of  the  continuous 
heam  showm  in  Fig.  12.  d'he  yield  mom- 
ent capacities  required  at  the  critical 
sections,  at  ultimate  load,  can  he  deter- 
mined hy  the  usual  design  procedures  of 
the  Pla.stic  De.sign  d’heorj'.*'** 

'I’hc  simple  heam  hending  moments 
are  drawn  for  each  sjian  (Fig.  12).  The 
assumption  is  made  of  fixed  heam  col- 
lai)se  mechanisms,  in  each  span  (hori- 
zontal fixing  lines).  The  coefficients  for 
these  moments  are  shown  helow  the 
hending  moment  diagram.  I'sing  the 
plastic  moment  distrihution  or  moment 
halancing  method,  the  iqipropriate  ad- 
just.ments  arc  made  to  (he  moments  at 
the  ends  of  (he  heam.  'I'he  moment-  at 
(he  intcrinr  supports  arc  halanced  and 
till'  resulting  moments  arc  the  yield 
moment  capacities  re(|uired  at  the  crili- 
eal  sections.  I’arameters  a/  and  ;/)«  art' 
computed.  The  location  of  the  hinge 
I K)  and  the  mode  of  failure  are  noted. 

To  ilelermine  the  required  rotaiion 
capaeities  at  the  critical  'Cctioiis.  the 
actual  si  111  pit'  hi'aiii  hem  ling  i lia  grams  are 
approximati'i I hy  the  hi'inling  nioint'iit 
iliagrani  of  out'  of  tin'  coiilinuoU'  l>eam 
t'li'ini'iit s anal\  -I'll.  I'he  .acinal  leads  arc 
con.'<idered  repl.aced  hy  all  ei |U1\  .'ili'lit 
load  i/’r  or  ' having  tlu'  .aiiie  ma',i- 
mimi  hi'iiilmg  monii'iit.  .I>a.sl\t''l  lim" 


in  bending  moment  diagram.) 

The  required  rotations  computed  on 
this  basis  are  con.servative.  The  portions 
of  the  bending  moment  diagram  neg- 
lected would  tend  to  increase  the  curva- 
ture of  the  elastic  beam  portions  reduc- 
ing the  hinge  angles  and  the  required 
rotations  in  most  cases.  The  use  of  a 
factor  of  safety  and  the  larger  actual 
hinge  lengths  would  tend  to  offset  any 
shortcomings  of  the  method. 

Reinforced  concrete  sections  can  be 
proportioned  using  the  moment  and 
rotation  capacity  exjirc.ssions  presented. 
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CIVIL  ENGINEERING  EDUCATION 


S.  D.  Lash,  M.E.I.C., 

Head,  Department  of  Cvcnl  Engineering,  Queen’s  University,  Kingston,  Ont. 


The  purpose  of  a civil  engineer- 
ing course  is  to  prepare  young 
men  to  enter  the  profession  of  civil 
engineering.  There  have  been  many 
definitions  of  civil  engineering  and 
perhaps  the  best  known  will  be  found 
in  the  Charter  of  the  Institution  of 
Civil  Engineers  (1828)  where  the 
objects  of  the  Institution  were  defined 
as; 

“The  general  advancement  of  Me- 
chanical Science  and  more  particu- 
larly the  acquisition  of  that  species 
of  knowledge  which  constitutes  the 
profession  of  a Civil  Engineer,  being 
the  art  of  directing  the  great  sources 
of  Power  in  Nature,  for  the  use  and 
convenience  of  man  . . 

In  a recent  paper,  Wilbur^  has 
suggested  that  the  purpose  of  civil 
engineering  is  “the  fulfillment  of  hu- 
man needs  through  the  adaptation 
and  conti'ol  of  the  land-water-air  en- 
vironment”. Since  both  these  defini- 
tions say  essentially  the  same  thing 
we  may  conclude  that  the  basic  aims 
of  the  civil  engineer  are  much  the 
same  today  as  they  were  130  years 
ago. 

Is  civil  engineering  an  art  or  a 
science?  The  Charter  of  the  Institu- 
tion speaks  of  both — “the  general  ad- 
vancement of  Mechanical  Science” 
and  “the  art  of  directing  the  great 
sources  of  power  . . .”  More  recently 
the  Institutions  of  Civil,  of  Mechani- 
cal and  of  Electrical  Engineers  have 
stated — 

“Engineering  is  largely  based  on 
science  but  is  not  itself  an  exact 
science;  it  is  also  in  varying  degrees 
an  art.  The  engineer  must  therefore 
be  educated  in  tbe  scientific  prin- 
ciples of  his  profession  and  trained  in 
its  practice”.^  It  seems  clear  there- 
fore that  engineering  is  both  an  art 
and  a science  and  that  the  engineer 
should  be  regarded  as  neither  artist 
nor  scientist  but  as  a member  of  a 
profession  in  which  art  and  science 
are  integral  parts  of  a coherent  disci- 
pline. 

Telford  and  his  associates  regarded 
themselves  as  members  of  a profes- 
sion. An  examination  of  some  of  the 
reports  of  meetings  of  the  Institution 
of  Civil  Engineers  held  during  the 
1830’s  shows  that  engineers  at  that 
time  were  concerned  with  advancing 
their  own  knowledge  through  pooling 
their  experiences,  but  there  is  nothing 
to  indicate  that  they  were  concemed 
about  their  professional  status.  On  the 


other  hand,  engineers  within  recent 
times  have  shown  an  almost  patho- 
logical desire  for  status.  They  have 
ardently  wished  to  be  considered 
members  of  a profession  comparable 
in  social  position  to  the  established 
professions  of  Law,  Medicine  and  the 
Church.  In  an  attempt  to  accom- 
plish this,  they  succeeded  in  persuad- 
ing provincial  legislatures  to  establish 
licensing  bodies  and  to  restrict  the 
practice  of  engineering  to  those  who 
were  duly  licensed.  The  ostensible 
reason  for  this  legislation  was  to  pro- 
tect the  public,  but  most  engineers 
saw  it  as  a way  of  enhancing  their 
status  and  their  earnings.  It  was  at 
this  time  that  the  unfortunate  term 
“professional  engineer”  was  either 
invented,  or  more  likely  imported 
from  the  U.S.A.  Among  the  estab- 
lished professions,  it  is  only  engineers 
who  consider  that  the  public  will  not 
recognize  their  professional  status  un- 
less it  is  blatantly  stated. 

Recent  events  in  Ontario  have  dem- 
onstrated clearly  that  in  spite  of  pro- 
vincial legislation,  many  angry  young 
men  who  are  permitted  by  law  to  call 
themselves  professional  engineers  are 
still  status  seekers.  Perhaps  their 
anger  reflects  their  disappointment  in 
discovering  that  professional  engi- 
neering is  not  what  it  claims  to  be. 
They  find  that  their  work  does  not 
measure  up  to  the  description  of  the 
work  of  a professional  engineer, 
adopted  by  the  Eusec  conference, 
which  reads  in  part  as  follows: 

“His  work  is  predominantly  intel- 
lectual and  varied  and  not  of  a 
routine  mental  or  physical  character, 
but  requires  the  exercise  of  original 
thought,  and  if  necessary,  the  respon- 
sibility for  supervising  the  technical 
and  administrative  work  of  others”.^ 
Few  of  these  young  engineers  mea- 
sure up  to  the  requirements  listed  in 
the  second  and  third  paragraphs  of 
that  definition: 

“His  education  will  have  been  such 
as  to  make  him  capable  of  closely 
and  continuously  following  all  pro- 
gress in  his  branch  of  engineering 
science  by  consulting  newly  pub- 
lished work  on  a worldwide  basis, 
assimilating  this  information  and 
applying  it  independently.  He  must 
be  able  to  make  contributions  to  the 
development  of  engineering  science 
and  its  application. 

“By  virtue  of  his  education  and 
training  he  will  have  acquired  a broad 


and  general  appreciation  of  the  engi- 
neering sciences  as  weU  as  a thorough 
insight  into  special  features  of  his 
own  branch,  with  the  result  that  in 
due  time  he  can  give  authoritative 
technical  advice,  or  be  responsible  for 
the  direction  of  important  tasks  in  his 
branch”.^ 

It  appears  that  the  universities  in 
Canada  are  engaged  in  training  two 
groups  of  people  — one  an  éhte  who 
will  in  due  course  become  profes- 
sional engineers  in  the  true  or  “Eusec” 
sense  of  the  word,  and  the  other 
much  larger  group  who  will  be  en- 
gaged in  a variety  of  activities,  many 
of  a sub-professional  character  or 
only  slightly  connected  with  engineer- 
ing. Other  professional  schools,  such 
as  teaching  and  medicine  for  ex- 
ample, are  engaged  in  training  people 
who  will  become  full  and  active  mem- 
bers of  their  respective  professions. 
We  do  not  expect  a qualified  doctor 
to  take  a job  as  a salesman,  but  we 
see  nothing  wrong  in  a quahfied  engi- 
neer taking  a position  as  a “sales  en- 
gineer”. 

Realistic  appraisal  therefore  of  the 
position  of  the  graduate  civil  engi- 
neer in  Canada  will  lead  us  to  rec- 
ognize that  university  training  in  civil 
engineering  at  the  undergraduate 
level  can  do  little  more  than  lay  the 
foundations  of  professional  knowledge 
and  provide  a measure  of  education 
of  a scientific  kind  above  the  'high 
school  level.  The  basic  undergraduate 
course  must  consist  of  general  educa- 
tion plus  a broad  program  of  engi- 
neering studies.  Only  in  this  way  can 
the  universities  discharge  their  re- 
sponsibilities to  the  engineering  pro- 
fession and  to  the  students  who 
throng  their  halls.  In  addition,  a uni- 
versity must  provide  instruction  of  a 
technical  character  at  an  advanced 
level  and  must  extend  the  frontiers 
of  knowledge  through  research.  These 
tasks  are  accomplished  in  its  grad- 
uate school. 

Let  us  now  consider  the  traditional 
undergraduate  course  in  the  light  of 
the  foregoing  principles.  For  purposes 
of  diseussion  the  subjects  of  insti-uc- 
tion  can  be  classified  as  follows: 

(1)  General  Education 

(a)  Mathematies. 

(b)  Science— physics,  chemistry, 
geology. 

(c)  Arts — English,  economics, 

politics. 

(2)  Engineering  Studies 
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(a)  AppKed  Science  — mechan- 
ics of  materials,  properties 
I of  materials,  soil  mechanics, 

fluid  mechanics,  theory  of 
structures,  thermodynamics, 
engineering  geology. 

I (b)  Elementary  Technology  — 
drafting,  surveying. 

(c)  Advanced  Technology. 

( d ) Other  — management,  pro- 
fessional practice,  law,  town 
planning. 

These  formal  studies  must  be  supple- 
mented by  practical  training  before 
the  graduate  can  be  regarded  as  a 
civil  engineer. 

General  Education 

The  subjects  included  under  the 
heading  of  General  Education  are  in- 
, eluded  in  the  curriculum  for  two  rea- 
sons — firstly,  to  provide  the  basis 
' for  engineering  studies,  and  secondly 
to  give  students  a broad  intellectual 
training.  From  the  point  of  view  of 
a civil  engineering  curriculum  the 
; latter  is  at  least  as  important  as  the 
; former.  Mudh  of  the  work  covered 
in  physics,  chemistry  and  mathemat- 
ics is  never  used  in  the  subsequent 
undergraduate  courses.  In  fact,  the 
amount  of  basic  science  and  mathe- 
matics required  to  comprehend  an 
, ordinary  undergraduate  course  in  civil 
, engineering  is  quite  small.  Most  of 
I tlio  recent  advances  in  structural 
theory  for  example,  have  required 
! little  more  than  high  school  mathe- 
I matics  for  an  understanding. 

As  civil  engineers,  we  must  be  very 
careful  not  to  be  infected  by  the  dis- 
! case  known  as  “mathematccosis”.  The 
I dangers  of  this  disease  have  been 
I clearly  staled  recently  by  two  eminent 
' structural  engineers.  Torroja  has  writ- 
I ten: 

“Structural  design  is  concerned 
j with  much  more  than  science  and 
^ tcclini(iucs;  it  is  also  very  much  con- 
i cerned  with  art,  common  sense,  sen- 
• liment,  aiîliliide  and  enjoyment  of  the 
task  of  creating  o]iporlnne  outlines  to 
: which  scientific  calcidalions  will  add 
fim'shitig  touches,  substantiating  that 
tlu-  slnictma;  is  sound  and  strong  in 
' accordance  with  the  rc(|uircmcnt.s. 

Mathematics  is  merely  a conven- 
' iciit  tool  by  which  the?  designer  de- 
Icrmincs  I he;  physical  i)r(>i)oi  l ions  and 
details  ol  a planned  slrnelnre  in  order 
to  transform  his  idc'as  from  llu'  line's 
of  a l)lne|)rinl  to  the  actuality  of  a 
finished  slruclmo".  ' 

Nervi  has  staled: 

"'rho  imi.stering  of  sirneinr.d 
knowledge'  is  not  .synons'inons  with  a 
knowledge  of  those'  m,'ithem:ilie:d  ele- 
ve'lopments  whie-h  today  constilnte' 
the  so  e'alleel  theory  ol  slrnetnres.  It 
is  tlm  re'sult  of  a physical  nnelerst.inel 
ing  ol  the'  eomple'X  be'h;i\ionr  of  a 


building,  coupled  with  an  intuitive 
interpretation  of  theoretical  calcula- 
tions. We  cannot  forget  that  in  the 
distant  past  intuition  allowed  the  ex- 
ecution of  works  which  cannot  be 
analysed  today  by  the  most  modem 
theoretical  methoeJs,  and  before  which 
we  must  bow  in  reverent  and  humble 
admiration”.^ 

It  is  therefore  a mistake  to  assume 
that  a civil  engineering  curriculum 
can  be  improved  by  massive  doses  of 
mathematics  or  pure  science.  In  a 
noteworthy  presidential  address  to  the 
Institute  of  Civil  Engineers,  delivered 
20  years  ago.  Professor  Charles  Inglis 
of  Cambridge  University,  said — “To  a 
real  expert,  the  type  of  mathematics 
utilized  by  engineers  in  their  every- 
day work  is  hardly  worthy  of  the 
name,  but  only  a degraded  form  is  de- 
based by  utilitarian  considerations  . . . 
Elaboration  of  mathematics  in  rela- 
tions to  engineering  problems  often 
betokens  a paucity  of  physical  con- 
ceptions”.® 

This  does  not  mean  that  there  is 
no  place  in  the  civil  engineering  pro- 
fession for  the  student  with  high 
mathematical  ability  but  it  is  clear 
that  such  ability  by  itself  is  not 
enough. 

Similar  arguments  can  be  used  in 
connection  with  physics.  At  Queen’s, 
and  I suspect  at  some  other  univer- 
sities, the  percentage  of  failures  in 
physics  is  often  greater  than  in  other 
subjects,  and  sometimes  reaches  fan- 
tastic heights.  Perhaps  the  time  has 
come  to  take  a new  look  at  the  place 
of  physics  in  a civil  engineering  cur- 
riculum. It  may  be  observed  for  e.x- 
ample,  that  pliysics  is  not  included 
in  the  curriculum  at  many  English 
universities  whereas  at  some  Cana- 
dian universities  more  time  in  the 
first  two  years  is  given  to  physics  than 
to  any  other  subject.  These  differ- 
ence's can  not  be  explained  entirely 
by  difl'erent  entrance  standards. 

English  is,  or  should  be,  a basic 
subject  in  any  university  cour.se.  One 
of  the  characteristics  of  an  educated 
man  is  that  he  has  the  ability  to  com- 
immieale  idi'as  and  that  he  has  some 
awareness  of  his  literary  heritage. 
Tlu'ie'forc'  the'  study  of  English  nu'ans 
:i  study  of  the'  English  l.mguag»'  and 
not  a course'  in  report  writing  or  letter 
writing.  TIick'  h;is  bec'ii  a tendency 
in  I'i'cenl  \-eai.s  to  deimmd  tli.it  engi- 
neers b('  l.mghi  till'  art  ol  iniblie 
spi'aking.  It  is  (lueslion.ible  if  llu' 
uni\'('rsil ies  e.m  do  mueh  in  this  mat- 
li'r  and  peril. ijis  it  is  not  ni'eess.iiA' 
that  lli('\’  should.  Tlu'  young  gr.idu.iti' 
should  seldom  bi'  expeeled  to  m.iki' 
spei'elies. 

N\'ilhin  the  l.isl  dee.idi'  we  li.nt' 
sei'ii  .1  number  of  other  subji'els  e<>m- 
tnonb . but  looseb  . e.illed  "hmn.m- 


ities”  included  in  engineering  courses. 
The  avowed  reason  for  including 
these  subjects  is  a desire  to  broaden 
the  cultural  background  of  engineers. 
It  is  questionable  whether  they  have 
achieved  this  purpose.  Although  eco- 
nomics, politics  and  the  like  have 
been  accepted  as  part  of  the  curricu- 
lum there  has  been  a lack  of  enthusi- 
asm for  them,  especially  by  professors. 
A survey  of  opinions  of  Queen’s  grad- 
uates in  civil  engineering  indicated 
that  a majority  felt  that  c-ourses  of 
this  kind  were  not  carried  to  a suffi- 
ciently advanced  level.  Moreover  the 
average  rating  of  the  course  content 
was  only  “fair”  whereas  many  other 
subjects  were  rated  “good”  or  “excel- 
lent”. These  graduates  wished  that 
they  had  received  better  and  more 
extensive  courses  in  English,  politics 
and  the  like.  Experience  has  showm 
however,  that  students  will  respond 
much  more  effectively  to  subjects  that 
appear  to  be  relevant  to  the  practice 
of  engineering.  It  is  these  subjects 
which  should  be  studied.  Pohtics  for 
example,  is  relevant  to  civil  engineer- 
ing because  many  civil  engineers  are 
employed  by  governments,  but  philos- 
ophy is  not,  how'ever  admirable  a 
study  it  may  be  for  other  reasons. 
Geography  w^ould  appear  to  be  an 
e.xcellent  subject  for  cixil  engineering 
students  to  study. 

In  a lecture  delivered  at  Queen’s 
University  some  years  ago.  Sir  Rich- 
ard Livingstone  pointed  out  that  the 
limitations  of  a strictly  scientifiic  edu- 
cation can  be  overcome  “not  by 
doling  out  snippets  of  history,  litera- 
ture and  art  but  by  enabling  students 
to  experience  the  impact  of  literature 
and  art”."  A universitx’  if  it  is  to 
ciwlize  engineers  or  anxbody  else 
must  provide  a civilizetl  enx  ironinent. 
’rliis  it  can  do  through  the  bcautx'  of 
its  Iniildings  and  grounds,  through 
the  intellectual  stimulus  of  lectures 
by  outstanding  authorities,  through 
plays,  concerts  and  the  fine  arts.  With- 
in recent  times  we  ha\e  tended  to 
oxeremphasizc  the  mediocre  and  the 
immature  and  underestimate  the 
value  of  distinction  and  w i.sdom.  Dis- 
cussion in  the  coffee  shop  ma\'  serxe 
to  pass  the  time  but  a li'clure  Iw  an 
Oppenlu'imer  m.iy  leaxe  an  indelible 
im]iressiou. 

riie  proper  lime  for  gener.il  eilu- 
e.iliou  is  in  the  e.irlx'  xe.irs  of  the 
course.  This  is  the  |ir.ietiiv  in  medi- 
eiue  and  llu'  law  for  ex.imple.  and  it 
.ippe.irs  to  lu'  till'  most  logical  ar- 
r.mgi'iueut.  (u'uer.il  I'llue.ition  shouKl 
preet'de  speei.ili/.itiou  ami  those'  who 
e.m  not  .itt.iiu  .i  le.isou.ibli'  staiul.. 
of  gi'uer.il  iHlue.itiou  sluiuld  p t N’ 
.ilhiwed  to  ]ipn»‘i'il  with  stuihe--  1.  i<l 
iug  to  ]ii  ofc'sion.il  si. Ovj  th.r 
other  h.md.  the  -'nltm.il  ri!-.  e.lo-  .f 
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the  university  should  always  be  pres- 
ent though  not  always  expressed  in 
formal  courses  and  measured  by  ex- 
aminations. 

The  subjects  classified  as  elemen- 
tary technology  such  as  drafting  and 
simple  surveying,  are  included  in  the 
first  two  years  for  two  reasons.  On 
the  one  hand  they  enable  students  to 
develop  basic  skills  which  they  need 
and  which  are  useful  to  them  in  sum- 
mer jobs:  on  the  other,  the  low  philo- 
sophical content  of  these  subjects 
makes  them  unsuitable  for  inclusion 
in  the  upper  years. 

Engineering  Studies 

The  ability  to  apply  scientific  prin- 
ciples is  the  hallmark  of  a competent 
engineer  and  the  heart  of  an  engi- 
neering course  is  applied  science. 
Pure  science  and  mathematics  are 
concerned  essentially  with  abstractions 
whereas  the  engineer  is  concerned 
with  real  objects,  with  men  and  with 
money.  Although  many  aspects  of  his 
profession  can  only  be  learnt  through 
practical  training  and  experience  the 
foundations  of  scientific  method  must 
be  laid  by  the  university. 

It  is  very  important  to  recognize 
that  applied  science  subjects  are  the 
fundamental  subjects  of  engineering. 
They  are  characterized  by  a judicious 
balance  of  rigorous  analysis  and  rea- 
sonable assumptions.  Consider  for  ex- 
ample, the  design  of  beams.  The 
applied  mathematician  can  tell  us 
how  to  determine  stresses  in  a simple 
cantilever  beam.  The  solution  is  com- 
plicated involving  the  use  of  double 
infinite  series,  (see  Timoshenko®).  It 
becomes  much  more  complicated  if 
the  beam  is  not  of  a simple  geomet- 
rical cross-section  and  if  loads  are 
applied  at  a number  of  places  along 
the  beam.  The  engineer  on  the  other 
hand,  is  able  not  only  to  analyze  but 
also  to  design  beams  of  all  kinds  of 
shapes  supporting  a great  variety  of 
loads,  on  the  basis  of  the  theory  of 
simple  bending. 

The  common  complaint  by  civil 
engineering  instructors  is,  not  that 
students  lack  knowledge  of  science 
and  mathematics,  but  that  they  are 
unable  to  apply  the  knowledge  that 
they  have  acquired.  The  remedy  is 
greater  emphasis  upon  those  subjects 
such  as  strength  of  materials,  soil 
mechanics,  and  fluid  mechanics  in 
which  mathematics  is  a useful  tool. 

Opinions  differ  concerning  thermo- 
dynamics. Most  students  feel  it  to  be 
irrelevant  to  a civil  engineering  course, 
but  professors  of  mechanical  engi- 
neering consider  it  an  essential  pre- 
liminary if  students  are  to  study  heat 
engines  and  similar  topics.  The  real 
problem  is  to  decide  whether  it  is 
necessary  to  include  mechanical  en- 


gineering in  a civil  engineering  cur- 
riculum. This  will  be  discussed  later. 
The  position  is  much  clearer  as  far 
as  geology  is  concerned.  A lack  of 
appreciation  of  geological  structure 
has  been  the  cause  of  many  civil 
engineering  troubles  including  major 
failures. 

The  increasing  variety  of  materials 
available  to  the  engineer  and  the  in- 
creasing development  of  scientific 
knowledge  concerning  materials  has 
resulted  in  a need  for  a more  thor- 
ough study  qf  the  properties  of  ma- 
terials. This  intractible  subject  is  of 
paramount  importance. 

There  is  always  likely  to  be  a con- 
siderable variety  in  the  technological 
content  of  civil  engineering  courses. 
This  variety  reflects  the  interest  of 
faculty  members,  the  demands  of  em- 
ployers, and  to  a limited  extent,  the 
interest  of  students. 

In  the  excellent  publication  “Ameri- 
can Civil  Engineering  Practice”,  by 
Abbett,  there  are  28  sections  dealing 
with  a range  of  subjects  from  Airport 
Engineei-ing  to  Refuse  Disposal  and 
all  of  these  have  some  claim  to  in- 
clusion in  an  undergraduate  course. 
Obviously,  a selection  must  be  made 
and  it  is  necessary  to  choose  both 
the  number  of  subjects  to  be  studied 
and  the  time  to  be  spent  on  each 
subject.  One  does  not  reduce  the 
number  of  subjects  by  giving  them 
collective  titles  such  as  “Transporta- 
tion Engineering”.  The  subject  re- 
ceiving most  time  is  structural  design 
and  this  reflects  the  central  position  of 
construction  in  the  civil  engineering 
world.  Structures  form  a vital  part 
of  most  engineering  works  and  con- 
sequently all  civil  graduates  need  to 
be  acquainted  with  the  rudiments  of 
structural  design.  In  spite  of  this  there 
has  been  a tendency  within  the  last 
decade  to  reduce  the  time  spent  on 
structural  design  and  to  increase  the 
time  spent  on  other  technical  subjects. 
This  is  largely  a consequence  of  the 
growing  importance  of  highway  con- 
struction, and  of  the  development  of 
soil  mechanics.  It  seems  probable  that 
more  civil  engineers  are  employed  in 
highway  engineering  than  in  any 
other  branch  of  civil  engineering. 

Half  the  graduates  in  civil  engi- 
neering are  likely  to  spend  the  first 
few  years  of  their  professional  life  in 
the  construction  industry.  They  are 
not  likely  to  receive  any  extensive 
training  aimed  specifically  at  fitting 
them  for  this  industry.  There  are  two 
reasons  for  this  — the  most  important 
is  that  those  in  universities  believe 
that  university  lectures  are  no  sub- 
stitute for  practical  training;  the  sec- 
ond is  the  e.xtreme  diversity  of  the 
construction  industry. 

Graduates  seldom  complain  about 


the  absence  of  a specific  technical 
subject  but  they  are  apt  to  be  critical 
of  the  content  of  those  subjects  which 
were  included  in  their  studies.  In 
some  instances  this  criticism  may  be 
well  founded,  but  one  suspects  that 
in  many  others  it  reflects  their  dis- 
covery that  the  subject  is  wider  and 
deeper  than  they  suspected. 

In  a large  university  it  is  possible 
for  students  to  specialize  in  their  final 
year  and  thus  carry  their  studies  in 
one  field  to  a relatively  advanced  level. 
This,  however,  can  only  be  done  by 
reducing  or  eliminating  the  work  in 
some  other  fields,  and  leaving  gaps 
in  their  knowledge  which  some  may 
consider  serious.  An  alternative  is  to 
encourage  students  of  superior  ability 
to  take  additional  courses  in  applied 
science  or  mathematics  in  order  to 
provide  a better  foundation  for  grad- 
uate study  or  work  in  a design  office. 

In  most  universities,  civil  engineer- 
ing students  are  exposed  to  one  or 
more  courses  in  mechanical  or  elec- 
trical engineering  or  both.  To  some 
extent  these  courses  have  lingered  on 
from  the  days  when  civil  engineering 
included  all  branches  other  than  mili- 
tary engineering.  They  continue  to  be 
included  because  civil  engineers  may 
have  responsibility  for  the  operation 
of  mechanical  and  electrical  equip- 
ment. It  seems  to  be  very  difficult  to 
devise  satisfactory  courses  in  these 
subjects  for  civil  engineers.  They  have 
little  interest  in  either  the  design 
or  the  testing  of  mechanical  equip- 
ment — basically  they  are  only  con- 
cerned with  knowing  what  kind  of 
equipment  is  likely  to  be  used,  what 
it  does  and  what  kind  of  environment 
it  must  have  in  order  to  work  effici- 
ently. Perhaps  a new  type  of  course  is 
needed  — one  which  combines  a lim- 
ited amount  of  basic  theory  with  a 
fairly  generous  dose  of  practical  ap- 
plications. 

Certain  non-technical  subjects  have 
been  introduced  in  to  civil  engineer- 
ing curricula  from  time  to  time  in 
response  to  real  or  imagined  needs. 
At  Queen’s  University  for  example, 
these  include  business  administration 
and  town  planning,  and  a subject 
mysteriously  called  engineering  rela- 
tions. None  of  these  subjects  is  essen- 
tial but  all  are  of  some  value,  though 
opinions  are  likely  to  differ  concern- 
ing their  relative  importance.  To  the 
author,  engineering  relations  which 
deals  with  standards  of  professional 
conduct  and  the  legal  aspects  of  en- 
gineering, is  of  greatest  value,  but  it 
may  be  observed  that  most  engineer- 
ing students  other  than  civil  engineers 
get  along  quite  well  without  such  a 
course.  There  would  seem  to  be  suffi- 
cient reasons  for  offering  most  of  these 
courses  on  an  elective  basis. 
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Many  engineers  are  concerned  with 
administration  and  it  is  frequently 
argued  that  more  time  should  be 
'given  to  this  subject  at  the  univer- 
jsity.  This  is  open  to  question.  The 
iprimary  purpose  of  a civil  engineer- 
ing course  is  to  train  civil  engineers. 
Administration  is  a very  wide  field 
land  little  useful  knowledge  can  be 
imparted  in  a single  course.  The 
[Queen’s  survey  has  shown  that  the 
I young  graduate  spends  relatively  little 
time  on  administration  during  the 
first  five  years  after  graduation  though 
the  percentage  increases  sharply 
thereafter.  By  the  time  he  is  really 
involved  in  administrative  work  either 
he  will  have  forgotten  what  he  was 
taught  at  the  university  or  the  sub- 
ject will  have  changed  materially. 
There  are  many  opportunities  through 
graduate  study,  professional  develop- 
ment courses  and  the  like  for  an  en- 
gineer to  develop  his  knowledge  in 
those  fields.  This  knowledge  should 
be  acquired  in  this  way  at  an  appro- 
priate time  by  those  who  need  it.  We 
should  not  dilute  our  university 
courses  and  produce  hybrid  animals 
who  will  be  inadequately  trained  in 
both  engineering  and  management. 

This  does  not  mean  that  economics 
.should  be  ignored.  The  saying  that 
an  engineer  is  one  who  can  do  for  a 
dollar  what  any  damn  fool  can  do  for 
two  contains  an  clement  of  truth. 
ICconomy,  meaning  least  annual  cost, 
is  a basic  consideration  in  most  civil 
engineering  projects  though  by  no 
means  the  only  one.  Most  instructors 
are  fully  aware  of  this  and  emphasize 
it  at  appropriate  times  and  places. 

t’riictical  Experience 

Nobody  (jiiestions  the  need  for 
practical  experience  as  a part  of  the 
Iraiiiitig  of  an  engineer  but  summer 
experience  is  by  no  means  necessary 
for  a full  appreciation  of  undergrad- 
uate coiir.ses. 

It  slioiild  be  realized  that  the  Can- 
adian system  of  a long  sumitier  vaca- 
tion is  based  more  on  alleged  (“co- 
nomie  need  than  anything  (‘ls(\  It 
can  easily  be  shown  that  students 
would  be  fmllier  ahead  financially  if 
lh(!  pressent  fonr-year  course  with 
three  five-month  vacations  wenc  tele- 
scoped into  a three-year  eonrse  with 
two  two-month  saeations.  Those'  tak- 
ing the'  e'ennine'sse'el  e'emr.se'  weenlel  ve'ry 
likely  he>  Inrthe'r  ale)ng  the'  roael  to 
pi'ofe'ssienial  status  alte'r  fenir  s'e'ars 
than  theese'  taking  the'  pre'Se'iit  e-onrse'. 
It  seems  peessible  the'ie'leere'  th.it  the're 
wonlel  he'  nie'iit  in  intrnelne'ing  .1 
gri'.ite'r  I'le'ine'iit  eif  lli'\ibilit\  see  th.it 
stiiele'iits  who  wish  tn  t.iki'  .111  .ii'e  e'ler- 
.iteel  I'Dinse'  e-onlel  eln  so. 

(iriieliiiile'  .Sliielv 

rhi'  teehnnliigs  ol  civil  eni'.nie'ei  ing 
h.is  ili'v  f'lopf'il  i.iiviilK  ehiiing  the'  p.ist 


few  decades  and  it  is  important  that 
full  advantage  be  taken  of  all  the 
knowledge  now  available.  In  the  past, 
Canadian  engineers  have  frequently 
been  slow  to  make  use  of  techniques 
developed  elsewhere  (except  perhaps 
those  developed  in  the  United  States) 
and  comparatively  little  research  in 
civil  engineering  problems  has  been 
carried  out  in  Canadian  universities. 
The  universities  were  partly  respon- 
sible for  this  state  of  affairs,  but  the 
situation  has  now  changed  to  the 
extent  that  in  the  academic  session 
1960-1961,  204  students  were  regis- 
tered as  graduate  students  in  civil 
engineering  in  Canadian  universities. 
There  is  now  a small  but  steady 
stream  of  graduates  with  higher  de- 
grees who  have  received  rigorous 
training  to  a high  level  and  who  are 
capable  of  making  substantial  contri- 
bution to  Canadian  engineering  if 
given  suitable  opportunities. 

When  graduate  students  were  few, 
graduate  study  consisted  mostly  of 
research,  since  there  were  not  enough 
students  to  justify  offering  graduate 
courses.  Today,  the  emphasis  has 
shifted  to  course  work,  partly  be- 
cause there  are  more  students,  but 
largely  because  there  is  much  for  stu- 
dents to  learn  before  narrowing  their 
studies  down  to  research  problems. 
At  the  same  time,  the  amount  of  re- 
search going  on  in  universities  has 
increased  enormously.  This  apparent 
contradiction  is  explained  by  the  fact 
that  it  has  now  become  usual  for 
graduate  students  and  some  staff 
members  to  devote  summer  months 
to  research.  Much  of  this  research  is 
supported  by  grants  from  organiza- 
tions outside  the  University.  Good 
students  are  offered  substantial  in- 
centives to  continue  their  studies: 
professors  are  olfered  incentives  to 
remain  at  the  university  for  the  sum- 
mer months.  Expensive  apparatus  be- 
eoines  available. 

.Siionsored  research  has  the  advan- 
lag('  of  ('iial)ling  univt'rsitv'  staff  anrl 
graduate'  stmh'iits  to  maint. lin  an 
awari'iK'ss  of  tlu'  probk'ius  lac'cd  f)\’ 
practising  ('iiginei'is.  .\t  tlu'  same  linu' 
it  has  ee'itain  limit. itioiis  and  it  is  un- 
wise' lor  a imive'rsitv'  to  pe'rmil  grael- 
iiati'  stuelie's  to  be'eonu'  o\ I'r-eli'pi'iiel- 
ent  on  S])onsorslnp.  I'lu'  proble'ins 
poseel  In  sponsors  m.iv  not  be  p.ir- 
lii  iil.irlv’  snit.ibli'  for  stnilv  .it  .1  nnive't- 
silv'  anel  the'  solutions  to  siie'h  iirob- 
le'ins  m.iv  be'  loimel  slow  Iv  il  .it  .ill, 
Hese'.ireli  e'.irried  out  lor  .1  sponsore'd 
projt'el  mnsi  nsn.illv  be'  e.iriieil  out 
siillie'ienlK  f.ir  to  re.ili/e  the  obji'i  tives 
of  the  proje'el.  but  siie'b  .t  projeel 
m.iv  be'  loo  I'l.ibor.ili'  .md  .ib  ne'  .ill 
loo  le'nglln  lor  .1  ibesis  lopie- 

I'l  .iilil ion.illv . .1  M.isle'i  s de'yii'r  h.is 
leqnirt'd  oiii'  \ -.ir  ol  tiifl  lmii-  yr.n! 


uate  study  and  a Doctor’s  degree  a 
further  two  years.  There  is  a danger 
that  the  work  for  a Master’s  degree 
may  be  extended  to  two  years  and 
that  for  a Doctorate  to  five  or  six 
years.  In  the  long  run  such  lengthy 
programs  of  study  will  be  most  harm- 
ful to  the  engineering  profession.  Only 
a few  wall  be  walling  to  spend  the 
time,  unless  they  w'ere  being  w’ell 
paid  for  doing  so,  and  these  will  tend 
to  lose  touch  with  a practical  wmrld 
of  engineering.  Let  us  think  there- 
fore of  the  Master’s  program  as  being 
essentially  a fifth  year  of  study,  highly 
specialized  and  one  that  can  be  suc- 
cessfully completed  by  a good  stu- 
dent within  a period  of  12  months. 
This  study  will  include  a thesis,  usu- 
ally based  on  research,  but  most  of 
the  time  during  the  academic  sessions 
will  be  devoted  to  course  w'ork.  For 
those  who  are  not  interested  in  re- 
search it  seems  reasonable  to  award 
a Diploma  based  on  course  w'ork 
only.  At  the  Doctorate  level,  (i.e. 
above  the  Master’s  level)  graduate 
study  should  consist  almost  entireh' 
of  research  and  such  research  ma>’ 
often  form  a part  of  a sponsored  pro- 
gram. Excessive  length  should  be 
av'oided  and  the  Doctor’s  degree 
should  be  thought  of  as  a training  not 
only  for  those  who  expect  to  enter 
the  teaching  profession  but  also  for 
those  w'ho  wall  devote  their  high  abil- 
ities to  engineering  practice. 

In  conclusion  it  may  be  suggested 
that  the  elements  of  a sound  educa- 
tional program  in  civil  engineering 
are  an  adequate  foundation  of  general 
education,  a thorough  grasp  of  ap- 
plied science,  and  a knowledge  of 
technology.  There  is  room  for  a great 
variety  in  the  latter,  especially  in  the 
level  to  which  technical  studies  are 
pursued.  In  the  under-graduate  course 
the  fields  of  stud\-  are  broad  and  the 
depth  of  study  is  necessarily  limited. 
(Graduate  stud\'  is  more  limited  in 
scope  but  greater  in  depth.  It  is 
neither  uecessarv'  nor  di'sir.ible  that 
the  imi\ersit\'  produce  .1  st.uulardLsed 
product.  SureK  the  iirob'ssion  needs 
liotli  till'  tr.ulitional  kind  of  engineer 
and  the  mori'  s]ieei.ili/ed.  more  scien- 
tifically minded  engineer  now  coming 
from  our  gr.idn.ite  sehiKils. 
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UNUSUAL  LOG  DRIVING  PROBLEM 


D.  M.  Foulds, 

River  Control  Engineer 


C.  E.  Davidge, 

Hydraulic  Model  Engineer 


The  Hydro-Electric  Power  Commission  of  Ontario 


Fig.  1. 


Anyone  familiar  with  the  de- 
. velopment  of  hydro-electric 
power  on  rivers  which  are  also  used 
for  log  driving  purposes  will  testify 
that  the  interests  of  the  two  entities 
are  not  always  compatible.  The 
power  dam  creates  an  obstacle  to  log 
driving  even  though  the  lake  it  cre- 
ates may  well  reduce  damage  to  logs 
previously  caused  by  the  rapids.  On 
the  other  hand  an  appreciable  per- 
centage of  the  wood  cut  in  the  forest 
inevitably  finds  its  way  to  the  racks 
of  the  powerhouse  and  must  be  re- 
moved to  prevent  loss  of  generating 
capacity. 

In  the  province  of  Ontario,  under 
the  terms  of  the  Lakes  and  Rivers 
Improvement  Act  the  owner  of  a 
dam,  on  a river  w'here  timber  is  usu- 
ally floated,  is  required  to  provide  a 
slide  or  apron  for  the  passage  of 
timber,  and  the  logging  companies 
look  after  the  handling  of  the  logs 
in  the  river.  The  difficulties'  which 
were  encountered  at  the  Cameron 
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brails  generating  station  on  the  Nipi- 
gon river  are  representative  of  those 
encountered  where  both  entities  must 
carry  on  their  work  simultaneously  in 
a relatively  narrow  forebay.  While 
the  general  problem  is  not  new,  it  is 
suggested  that  the  particular  problem 
was  an  unusual  one,  and  that  the 
I method  of  solution  was  also  unusual. 
By  combining  the  hydraulic  experi- 
ence of  the  Commission  with  the 
logging  experience  of  the  Abitibi 
Power  and  Paper  Company  a solu- 
jtion  was  developed  in  the  laboratory 
which  proved  to  be  successful  when 
! tried  in  the  river. 

I Background 

{ Power  was  first  developed  at  Cam- 
i eron  Falls  more  than  40  years  ago 
' and  some  15  years  later  the  Abitibi 
I Co.  commenced  log  driving  opera- 
i tions.  Almost  all  of  the  wood  being 
I moved  was  for  the  manufacture  of 
I pulp,  cut  into  8 ft.  lengths,  and  aver- 
; aging  approximately  6 in.  in  diameter. 

1 It  became  the  custom  to  pass  this 
I wood  through  three  partially  open 
stop-log  sluices  using  guide  booms 
I connected  to  the  piers  of  the  spillway 
' as  shown  on  Fig.  1.  A flow  of  approxi- 
I mately  2500  c.f.s.  was  required  to 
I create  adequate  rates  of  log  move- 
i merit  and  to  prevent  excessive  dam- 
I age  from  the  rocks  downstream  of  the 
; spillway. 

! Initially,  the  time  required  to  move 

I 


the  wood  through  the  dam  was  short 
and  the  plant  was  not  always  required 
to  operate  at  capacity.  As  the  years 
passed,  the  demands  for  power  in- 
creased, the  demand  for  pulp  was 
reaching  400,000  cords  annually,  and 
the  log  driving  period  was  extended 
to  a period  of  approximately  five 
months.  An  adjacent  water-shed  was 
diverted  into  the  Nipigon  river  to 


provide  a source  of  additional  power 
and  when  an  additional  generating 
unit  was  ultimately  added  to  the 
powerhouse  to  make  use  of  this  water, 
the  problem  arose  which  is  the  sub- 
ject of  this  paper. 

Problem 

The  relati\e  positions  of  the  new 
unit  and  log  chute  are  shown  on 
Fig.  2 and  it  would  appear  that  the 
point  of  land  between  the  two  could 
be  e.xpected  to  cause  a natural  di\i- 
sion  in  the  flow.  An  underwater  crib 
was  installed  to  increase  the  draw 
towards  the  chute,  which  was  de- 
signed to  operate  satisfactorib'  with 
a flow  of  700  c.f.s.,  or  less  than  one 
third  of  that  formeiK-  required  for 
log  dri\  ing.  To  dri\  e through  the 
chute  the  booms  were  mo\ed  as 
shown  and  it  was  found  that  the 
rate  of  log  passage  through  the  slruc- 
Inrc  was  reduced  to  approximalcK' 
one  third  of  that  which  had  existed 
before. 

It  was  also  found  that  large 
([nanlilies  of  wood  were  passing 
under  the  booms  and  CMllecling  in 
front  of  the  racks  of  the  iioweihonse. 

(!;nisos  of  tlio  Problem 

Hepoils  iiulieali'd  (here  weie  .'sev- 
eral possible  e.nises  of  the  dilliculties. 
inelnding  seu'h  f.iclors  .is  the  IoiM- 
lion  of  the  ehnie  entr.nue  .nul  (he 
I.iek  of  sufficient  dr.iw  low.irils  tt 
e'nti.iiux'.  It  w.is  t onsiileiiHl  ih.it  sen 
el.nifie.il ion  of  llu'se  rejsorts  wcicld  be 
.ulvis.ilile  .nul  the  .luthm  w.is  ' 
p.itelu'd  to  the  sit-'  to  ib-eiV;  re  d 
K’port  linrine  ilisr'-- -.nw  wiib  r'tc 
• '.nneion  1 .ill--  o]>i-i.iling  -t.il!  .e  ’ t' 


Fig.  3. 
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local  representatives  of  the  Company 
it  evolved  that  a situation  had  been 
created  which  is  illustrated  by  Fig. 
3. 

The  large  area  shown  by  cross 
hatching  was  packed  with  logs  to  a 
depth  of  several  feet  and  a steady 
stream  of  pulp  logs  was  emerging 
from  this  packed  area  and  proceed- 
ing to  the  racks  of  the  powerhouse. 
The  Company  installed  another  boom 
on  the  east  side  of  this  jam  in  an 
effort  to  eliminate  the  rough  edges 
and  attempted  to  drive  through  the 
remaining  area.  Frequent  jams  oc- 
curred in  the  forebay  causing  log 
movement  to  be  intennittent  and  it 
was  found  that  the  assistance  formerly 
provided  by  a flow  developer  and 
si.x  men  was  now  producing  only  one 
third  of  the  previous  rate  of  log 
movement.  It  was  evident  that  the 
location  of  the  west  boom  was  con- 
tributing significantly  to  the  problem. 

Opinions  differed  as  to  the  size  and 
shape  of  the  packed  area  along  the 
west  boom  and  to  determine  the 
extent  of  the  area  affected,  a float 
survey  was  undertaken  by  the  Com- 
mission. The  chute  was  opened,  floats 
were  launched  about  200  yd.  up- 
stream from  the  dam,  and  their  course 
was  recorded  by  two  shore  parties 
equipped  with  transits,  who  took 
simultaneous  fixes,  at  regular  inter- 
vals. The  current  patterns  obtained 
are  illustrated  on  Fig.  4 where  the 
arrows  are  also  vectors  and  therefore 
illustrate  the  changes  in  velocity  of 
the  floats,  as  well  as  their  direction 
of  motion.  It  was  evident  from  this 
survey  that  at  least  two  thirds  of  the 
width  of  the  river  was  supplying 
water  to  the  plant  leaving  only  the 
remainder  available  for  log  driving. 
There  was  also  evidence  that  a fairly 
clear  cut  line  of  demarcation  could 
be  drawn  between  the  flow  lines  lead- 
ing to  the  chute  and  headworks  re- 
spectively. It  appeared  that  relocating 
the  west  boom  along  this  dividing 
line  so  as  to  parallel  the  stream  lines 
should  provide  a partial  solution  to 
the  problem. 

The  other  points  concerning  the 
location  of  the  chute,  and  the  draw 
towards  its  entrance  were  also  in- 
vestigated. Three  sluices  were  opened 
to  observe  conditions  which  had 
occurred  previously,  and  been  con- 
sidered satisfactory,  and  it  was  found 
that  2500  c.f.s.  was  capable  of  affect- 
ing surface  currents  for  a distance  out 
from  the  dam  of  less  than  .50  ft.  The 
flow  towards  the  powerhouse  pre- 
dominated, and  its  velocity  was  actu- 
ally double  the  surface  velocity  lead- 
ing towards  the  sluices. 

Therefore,  with  the  chute  entrance 
located  at  the  end  of  the  streamlines. 


so  to  speak  it  was  considered  that  its 
location  was  satisfactory.  Velocities 
measured  over  the  underwater  crib, 
w'hich  also  extended  50  ft.  from  the 
dam,  were  approximately  double 
those  of  the  surface  current  leading 
to  the  powerhouse,  and  it  was  con- 
sidered that  this  would  create  an 
adequate  draw  provided  the  logs 
could  reach  the  crib.  From  purely 
hydraulic  considerations  therefore  it 
appeared  that  the  problem  might  be 
solved  by  merely  moving  the  west 
boom  to  parallel  the  stream  lines  as 
mentioned  above. 

First  Field  Test 

As  a temporary  measure  the  west 
boom  was  moved,  to  take  up  a posi- 
tion as  showm  on  Fig.  5,  and  héld  in 
position  by  cables  attached  to  the  east 
shore  about  25  ft.  above  the  water. 
At  first  small  groups  of  logs  were 
released  to  check  the  alignment  of 
the  booms  with  the  current  and  these 
proceeded  through  the  system  with- 
out difficulty.  When  the  entire  mass 
of  wood  consisting  of  at  least  12,000 
cords  was  released,  the  system 
jammed  about  100  ft.  from  the  chute 
entrance  after  perhaps  five  minutes 
operation,  and  continual  assistance 
was  required  thereafter. 

An  increase  in  driving  rate  of  ap- 
pro.ximately  25%  over  the  previous 
arrangement  was  achieved  by  moving 


the  booms,  but  the  rate  was  still  50% 
less  than  that  obtained  when  using 
the  sluices.  Althoug'h  it  was  cleai;, 
that  the  chute  entrance  was  capable 
of  swallowing  all  the  logs  which  were 
able  to  reach  the  crib,  there  was  still 
some  question  about  its  location. 

Because  of  the  narrow  width  of 
the  headpond  and  particularly  be- 
cause of  the  currents  shown  on  Fig. 

4 it  appeared  that  the  chute  entrance 
was  properly  located,  and  that  the 
remaining  problem  could  be  solved 
by  preventing  the  majority  of  the 
logs  from  dragging  along  the  booms 
whidh  inevitably  reduces  the  rate  of  ) 
movement  and  leads  to  jamming.  To 
verify  this  opinion  and  also  to  save 
time  in  the  field  it  was  decided  to 
construct  a 1:24  scale  model  of  the 
affected  area  of  the  headpond. 

Model  Construction 

The  model  accurately  reproduced 
the  main  spillway  structure  and  bulk-  ■ 
head  section,  the  east  shoreline  for  ' 
a distance  of  approximately  500  ft.,  ; 
the  log  chute  entrance  and  transition,  j 
the  submerged  approach  crib  and  the 
projecting  point  of  rock  adjacent  to  j 
the  log  chute  entrance.  The  power-  ; 
house  draw  around  this  point  was  re-  | 
produced  by  means  of  three  adjust-  j 
able  gate  sluices.  That  portion  of  the  j 
forebay  irrelevant  to  the  problem  was 
sealed  off  by  means  of  a water-tight 


Fig.  4. 
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treamline  vane,  the  location  of  the 
'ane  being  determined  from  the  float 
urvey.  A system  of  adjustable  vanes 
[ind  baffles  was  provided  at  the  up- 
tream  end  of  the  model  to  direct 
;ind  control  the  water. 

Nearly  one  mile  of  birch  dowelling 
'produced  250  model  cords  when  cut 
into  pulpwood  lengths  which  dupli- 
;:ated  the  estimated  natural  propor- 
ions  of  40% — 4 in.  diameter,  40% — 
i3  in.  diameter  and  20% — 9 in.  diame- 
ter. The  logs  were  twice  immersed 
,in  a 5%  silicone  solution  and  allowed 
|to  dry.  This  prevented  rapid  water 
jloggiiig  and,  rather  unexpectedly,  al- 
'most  eliminated  the  adhesive  effects 
|of  surface  tension  so  that  the  model 
ilogs  behaved  very  naturally  indeed. 
Provision  was  made  for  collecting  the 
;logs  as  they  entered  the  chute  and 
,by  a time-volume  process  the  rate  of 
j passage  of  the  logs  was  ascertained. 


Model  Verification 

Data  available  for  verification  of 
the  inodcl  consisted  mainly  of  sur- 
face flow  lines  and  velocities  obtained 
l)y  nieaiis  of  the  float  survey.  A rather 
unusual  feature  of  the  verification  was 
that  hecause  of  the  partial  nature  of 
the  model  the  required  amount  of 
water  flowing  through  was  not  known. 
Ilowevcu',  surface  conditions  only 
were;  caitical  and  very  close  agree- 
ment lietweeu  model  and  prototype 
was  achieved  by  a rather  lengthy 
l)roce.s.s  involving  a number  of  vari- 
ables. 'I'he  forebay  level,  and  hence 
the  log  chute  flow  was  held  constant 
while  adjustments,  as  rerjuired,  were 
made  to  the  outflow,  inflow,  or  the 
hadles  and  saues  at  the  inlet  end. 

W'ith  the  model  ojreratiug  eorreetly, 
the  booms  were  iustalh'd  in  the  same 


pattern  as  had  been  tried  in  the  field 
the  previous  year  and  a run  of  logs 
was  started  through.  The  first  few 
logs  reached  the  chute  but  when  the 
main  mass  reached  a point  between 
the  converging  booms  about  100  ft. 
from  the  chute  enti'ance,  a solid  jam 
developed.  The  booms  were  distended 
and  large  quantities  of  pulpwood 
were  forced  underneath  and  escaped 
toward  the  powerhouse.  This  ver\' 
satisfactory  duplication  of  what  had 
occurred  in  the  prototype  completed 
the  verification  of  the  model. 

Model  Test  Program 

Under  the  existing  circumstances, 
no  conceivable  re-alignment  of  booms 
could  be  expected  to  materially  im- 
prove the  situation.  Between  con- 
verging booms  the  product  of  mean 
velocity  and  distance  between  booms 
taken  at  successive  sections  moving 
downstream  should  ideally  ha\e  a 
steadily  increasing  value  or  at  least 
remain  constant,  but  this  situation 
seldom  exists.  It  is  necessary,  there- 
fore, to  accelerate  and  direct  the  sur- 
face water  to  facilitate  the  movement 
of  the  logs  toward  the  chute  en- 
trance. The  simplest  means  of  accom- 
plishing this  usually  involves  some 
form  of  hydraulic  jet  propulsion  and, 
of  the  numerous  devices  available, 
flow  developers  seemed  most  prom- 
ising. The  model  was  required  to  de- 
termine: 

(1)  The  effectiveness  of  flow 
developei's  and  if  applicable; 

(2)  The  number  of  flow  de\el- 
opers  reejuired; 

(.3)  The  optimum  placement  of 
the  developers; 

(4)  The  ability  of  the  log  chute 
to  pass  jmlpwood  at  the  desired  rate. 


Model  Flow  Developers 

Because  a 23  hp.  flow  developer 
produces  a jet  which  extends  for  a 
distance  in  excess  of  500  ft.  it  was 
considered  probable  that  the  correct 
number  of  developers  would  be  be- 
tween two  and  four.  No  detailed 
drawings  were  available  but  the  man- 
ufacturer’s advertising  literature  con- 
tained enough  basic  information  and 
rough  sketches  to  enable  four  suffi- 
ciently accurate  models  to  be  built. 
The  vital  dimensions  and  information 
about  hydraulic  performance  were 
either  available  or  could  be  deduced. 

Fig.  6 shows  two  views  of  a model 
of  a 25  hp.  developer.  The  propeller 
shroud,  a brass  turning  just  slightly 
over  one  inch  inside  diameter  con- 
tained four  radial  straightening  vanes 
which  supported  the  propeller  shaft 
journal.  A 1 in.,  three  blade,  stainless 
steel  propeller  operated  within  with 
a minimum  of  blade  tip  clearance. 
The  shroud  was  rigidly  attached  to 
the  motor  box  by  brass  tubular  struts 
and  the  water  inlet  area  was  pro\  ided 
with  a screen.  The  propeller  shaft 
entered  the  motor  box  through  a close 
fitting  brass  bearing  which  proved 
sufficiently  water  tight. 

Originally  an  attempt  was  made  to 
mount  the  drive  motor  within  the 
box  in  the  hope  that  the  unit  as  a 
whole  would  be  light  enough  to  be 
self-floating  like  the  prototvpe,  but 
no  motor  could  be  found  which  was 
small  enough  and  at  the  same  time 
sufficientb'  powerful  to  provide  the 
required  torcjuc.  It  was  decided  to 
use  a heavier  115  v.  a-c  fan  motor 
with  a power  input  of  approximateb 
45  w.  and  to  suspend  the  whole  unit 
at  the  proper  submergence  b\-  a thin 
vertical  wire,  thus  allowing  a certain 


I'’ig.  .5.  I'’irst  field  test  with  west  l)0()m  moved  as  sliowii 
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this  unless  it  proved  to  be  essential. 

As  soon  as  the  holding  boom  was 
released  and  the  wood  began  to  move 
the  developers  were  started  and  the 
operation  of  the  system  was  observed 
with  no  manual  assistance  being  pro- 
vided. After  approximately  half  an 
hour  of  operation  a small  “island”  of 
matted  wood  about  35  ft.  in  diameter 
came  down  and  wedged  between  the 
booms  about  30  ft.  from  the  under- 
water crib.  Two  men  were  able  to 
break  up  this  mass  sufficiently  to 
allow  it  to  reach  the  crib  whereupon 
the  hydraulic  action  provided  by  the 
chute  proceeded  to  digest  it  without 
effort.  This  temporary  blockage  had 
been  long  enough  to  overfill  the  area 
between  the  developers  and  the  chute 
and  although  operation  continued  at 
a very  high  rate  it  was  evident  that 
the  system  was  not  quite  able  to  cope 
with  the  supply.  Eventually  a larger 
“island”  came  down  which  was  over 
50  ft.  in  width  by  8 ft.  in  thickness 
and  it  effectively  plugged  the  system. 
(Fig.  9) 

It  was  evident  from  this  test  that 
wood  was  passing  under  the  west 
boom  between  number  one  developer 
and  its  shore  anchor  point,  and  that 
this  anchor  point  would  have  to  be 
moved  to  the  recommended  location 
in  spite  of  rock  conditions.  It  was  also 
clear  that  the  flow  developers  were 
no  longer  operating  satisfactorily  al- 
though they  had  done  so  at  the  be- 
ginning of  the  test.  The  west  boom 
was  deepened  to  30  in.  between  num- 
ber one  developer  and  the  shore,  the 
shore  anchor  point  was  moved,  and 


the  developers  proved  to  be  fouled 
by  pieces  of  pulp-logs  and  bark  which 
were  removed. 

Final  Tests 

Once  again  the  massed  wood  was 
released  from  the  holding  boom,  and 
it  was  soon  obvious  that  the  problem 
had  been  solved.  Even  the  matted 
“islands”  managed  to  pass  through 
unaided  provided  they  were  not  more 


than  40  ft.  wide.  In  due  course  one  i 
came  down  which  was  approximately 
70  ft.  wide  but  two  men  were  able  i 
to  ease  it  to  the  entrance  without  ! 
appreciably  reducing  the  rate  of  log  j 
movement.  After  the  first  day  of  op-  j 
eration  it  was  evident  tlrat  the  rate  ' 
of  log  passage  was  at  least  equal  to  i ■ 
that  obtained  previously  when  using  ' 
the  sluices.  I 

Conclusion  i 

One  entire  log-driving  season  has  ! • 
now  been  concluded  using  the  flow  i ' 
developers.  The  water  required  for  i ’ 
passing  the  logs  through  the  sti’uc-  > 
ture  has  been  reduced  from  2500  to  1 
700  c.f.s.  Although  the  information  • 
on  which  the  model  tests  were  based  t 
was  limited,  the  results  obtained  in 
the  fiéld  were  viiTuaily  identical  to  ■ 
those  obtained  in  the  model.  Consid-  [ 
ering  the  number  of  variables  in- 
volved, the  advantages  of  finding  a ! 
solution  to  such  a problem  in  a model  [| 
are  perhaps  Obvious.  It  is  suggested 
that  there  are  other  similar  problems  • 
which  could  be  solved  by  the  applica-  j 
tion  of  techniques  similar  to  those 
mentioned  in  this  paper.  I 

i 
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AMKTAI.  (JUTTING  study  usu- 
ally lias  two  ohjccts,  one  direct, 


the  other  indirect.  Tlie  direct  object 
is  to  I'iud  out  specifically  what  is  in- 


volved in  one  or  more  of  the  compon- 
ents of  the  metal  cutting  process,  such 


I’iK.  I.  Ernst’s  (Jliip  Glassification  (Schematic) 
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Fig.  2.  Illustration  of  Segment  Formation 


Fig.  3.  Schematic  Illustration  of  Segment  Formation 


as  tool  geometry  or  friction.  The  in- 
direct object  is  the  application  of  the 
results  to  the  improvement  of  speci- 
fic manufacturing  processes. 

In  manufacturing,  the  workpiece  is 
the  product,  while  the  chip  is  merely 
discarded  excess  metal.  In  metal  cut- 
ting research  it  may  be  advantageous 
to  adopt  the  opposite  point  of  view 
and  consider  the  chip  as  the  product 
and  the  workpiece  as  the  residue,  for 
in  reality,  the  chip  is  the  product  of 
the  metal  cutting  operation.  In  this 
way  the  need  for  studying  chip  for- 
mation can  be  appreciated. 


The  Type  3 chip,  like  the  type  2,  is 
continuous  and  characteristic  of  duc- 
tile materials.  It  differs,  however,  in 
that  a more  or  less  stable  deposit  of 
workpiece  material  (called  the  built- 
up-edge)  adheres  to  the  tool  tip  dur- 
ing cutting. 

Of  these  chip  types  the  Type  2 
appears  to  be  most  commonly  en- 
countered. Because  it  is  the  product 
of  a uniform  continuous  process  it  is 
the  most  easily  analysed;  and  most 


analyses  of  the  mechanism  of  cuttingji 
assume  that  the  chip  is  a Type  2j 
formed  by  a process  of  simple  shear] 
on  a plane  extending  from  the  tooij 
tip  to  the  free  surface  of  the  work-! 
piece.  Unfortunately,  predicted  re-| 
suits  are  not  always  close  to  experi-l 
mental  results.-  ! 


Built-Up-Edge  Î 

The  most  obvious  reason  for  the* 
discrepancy  is  that  under  many  cut- 
ting conditions  the  continuous  chips' 
produced  are  not,  as  is  assumed,  | 
Type  2.  ■ 

Earlier  work  at  Queen’s  was  based ' 
on  the  presence  of  small  deposits  of 
metal  adhering  to  the  tool  when  it  ; 
was  withdrawn  from  the  work.  This 
raised  the  suspicion  that  a built-up- , 
edge  existed  over  a much  wider 
range  of  cutting  conditions  than 
hitherto  supposed,  and  prompted  a . 
search  for  the  built-up-edge  in  wide- 
ly different  cutting  conditions. 

Segmented  Chip— a Periodic  Process  ■ 

The  results  of  the  investigation 
were  surprising,  but  not  concerned 
with  built-up-edge.  The  chips  al-  i 
though  continuous,  were  neither  Type  ; 
2 nor  Type  3^.  They  consisted  of  j| 
segments  firmly  attached  to  one  an-  ; 
other.  The  process  of  formation  must  ! 
therefore  be  periodic,  not  continuous.  || 

From  numerous  high  speed  photo-  | 
graphs  of  the  action,  the  steps  in  the  1 
formation  of  a single  segment  were  ' 
determined.  Fig.  2.  At  the  beginning  | 
of  a segment  the  material  directly  ; 


Fig.  4.  General  Arrangement  of  Apparatus 
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Chip  Classification 

It  has  long  been  recognized  that 
not  all  chips  are  formed  in  the  same 
way,  since  different  materials  cut 
under  different  conditions  yield  dif- 
ferent types  of  chips.  In  1938  Ernst^ 
classified  chips  into  3 types  (Fig.  1) 
as  follows: 

The  Type  I chip  is  discontinuous, 
consisting  of  segments  completely 
separated  from  each  other.  This  type 
of  chip  is  characteristic  of  brittle 
materials  such  as  cast  iron. 

The  Type  2 chip  is  continuous, 
characteristic  of  ductile  materials,  and 
is  formed  according  to  Ernst,  by  plas- 
tic flow  on  a ^hear  plane  extending 
from  the  tip  of  the  tool  to  the  free 
surface  of  the  work  ahead  of  the 
tool. 
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Fig.  5.  Schematic  Arrangement  of  Apparatus 


In  front  of  the  tool  is  compressed, 
';ausinj5  it  to  'bulge  upward.  As  the 
tool  advances,  further  compression 
iind  bulging  occur,  forcing  the  pre- 
/iously  formed  segment  up  the  tool 
face.  Eventually  as  compression  con- 
tinues, rupture  occurs,  forming  a new 
jiegment  and  completing  the  cycle. 
jThis  is  shown  schematically  in  Fig.  3. 

i The  mechanism  of  chip  formation 
ljust  described  has  been  used  to  e.x- 
•plain  chip  curl  and  cratering  wear.'* 


Apparatus 

Basically  the  apparatus  was  the 
same  as  that  described  in  a previous 
paper.^  It  is  shown  in  Fig.  4 and 
schematically  in  Fig.  5.  Tool  force 
was  measured  by  a dynamometer  in 
the  form  of  a tool  holder,  securely 


clamped  cantilever  fashion  in  a sup- 
porting block.  Strain  gauges,  two 
on  top  and  two  on  the  bottom  of 
the  cantilever  were  connected,  to- 
gether to  form  a full  bridge  for  sens- 
ing the  cutting  force. 

The  chip  was  photographed 
through  a prism  by  means  of  a 
camera  and  lens  at  the  end  of  a long 
extension  tube.  The  image  formed 
at  the  camera  was  about  five  times 
actual  size.  The  brief  exposure  was 
obtained  by  illuminating  the  chip 
with  an  intense  flash  lasting  about 
40  microseconds. 

The  natural  damped  frequency  of 
the  dynamometer  was  determined  b\' 
striking  the  cantilever  bar  and  dis- 
playing the  strain  gauge  output  on 
the  cathode  ray  oscilloscope  as  shown 
in  Fig.  6.  The  damping  coefficient 
was  also  found  in  this  way.  The 
natural  damped  frequency  was  665 
cycles  per  second.  The  spring  con- 
stant was  found  by  calculating  the 
deflection  of  the  bar  for  a given  load. 
From  these  data  the  response  cur\  e 
of  the  dynamometer  was  computed. 
Fig.  7.  Thus  the  dy  namometer  should 
respond  with  an  error  of  less  than  S 
per  cent  to  a force  cycling  150  times 
per  second. 


Fig.  7.  Dynamometer  Response  Curve 


: Purpose  of  Investigation 
! 'I’lie  existence  of  a continuous  .seg- 
mented chip  poses  a number  of  ejues- 
tions,  answers  to  which  are  required 
|ior  a better  understanding  of  chip 
formation.  4'he  object  of  this  investig- 
ation was  to  answer  the  following. 

1.  Does  the  cutting  force  varia- 
tion iiarallel  the  segment  formation? 

2.  How  does  the  cutting  force 
vary? 


I'ig.  (>.  Damired  Vibration  ol  Dynamo- 
iiicliT  'I'ime  scale:  1 division  2 milli- 
seconds 
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Fig.  8.  Effect  of  Cutting  Depth  on  Chip  Formation.  V=82  fpm,  rake  angle=15® 
(a)  depth  of  cut  0.0088"  (b)  depth  of  cut  0.018"  (c)  depth  of  cut  0.033" 


In  order  to  limit  the  segments  to 
150  per  second  it  was  neeessary  to 
take  a very  heavy  cut,  0.033  in.  deep. 
At  this  depth,  however,  the  chips 
obtained  were  quite  similar  to  those 
produced  by  lighter  cuts,  except  that 
segments  were  formed  more  slowly. 
The  effect  of  cutting  depth  is  shown 
in  Fig.  8.  The  workpiece  was  26S 
aluminum  cut  at  52.8  f.p.m.  using 
H.S.S.  tools  with  a 15°  rake  angle. 

Originally  a direct  writing  oscillo- 
graph was  used  to  record  cutting 
forces.  This  was  unsuitable  at  fre- 
quencies above  100  cycles  per  second. 
Consequently  a cathode-ray  oscillo- 
scope, equipped  with  a 25  kilocycle 
carrier  preamplifier  to  energize  the 
bridge,  was  selected  to  replace  the 
oscillograph.  The  oscilloscope  was 
equipped  with  a single  sweep  lock- 
out, which  was  advantageous  for  pho- 
tography. The  sweep  was  triggered 
using  an  induction  coil  of  a few  turns 
of  wire  around  the  high  tension  lead 
of  the  flash  lamp.  As  shown  in  Fig. 
9 the  triggering  voltage  rise  was  very 


rapid,  introducing  a negligible  lag 
between  initiation  of  the  flash  and 
triggering  the  oscilloscope  sweep. 
Thus  the  phip  photograph  corresponds 
with  the  beginning  of  the  force  trace. 
Fig.  10.  This  is  one  disadvantage, 
that  the  remainder  of  the  force  trace 
is  for  segments  formed  after  the 
photograpb  was  taken. 

Results 

Corresponding  chip  photographs 
and  force  traces  are  shown  in  Fig. 
10.  The  time  between  force  peaks 
is  between  6 and  7 milliseconds.  At 
150  segments  per  second  the  average 
period  between  segments  is  6.7  milli- 
seconds. 

A comparison  of  chip  photographs 
and  force  traces  discloses  that  when 
a segment  is  almost  complete  the 
force  is  almost  a maximum  and  when 
a segment  has  just  begun  to  form 
the  force  is  near  a minimum.  The 
usual  difference  between  minimum 
and  maximum  was  60  to  90  lb.  The 


average  total  force  under  the  same  ! 
cutting  conditions  (previously  mea-  i 
sured  with  the  oscillograph)  was  545  ! 
lb.  Thus  the  cutting  force  variation  ^ 
represents  some  10  to  15  per  cent  I 
of  the  average  force.  | 

Conclusions  | j 

1.  The  tool  force  variation  is  in  | | 

phase  with  segment  formation.  i , 

2.  The  tool  force  increases  as  the  ^ 
segment  forms,  falling  off  rapidly  as  i 
the  segment  is  completed,  as  expected  j 
from  the  proposed  mechanism  of  con-  |! 
tinuous  segmented  chip  formation.  ( 

! 
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Fig.  9.  Time  Lag  in  Sweep  Trigger  Voltage 


Fig.  10.  Corresponding  Force  Traces  and  Chip  Photographs. 
Scales:  vertical,  1 division=40  lb;  horizontal,  1 division  = 2 
milliseconds. 
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CSA  Standards  in  the  timber  field  are  kept  up  to  date  through 
continuous  review  by  CSA  committee  members  who  are  technical 
leaders  in  the  industry.  These  committees  also  work  closely  with 
lumber  associations  in  Canada  and  throughout  the  world. 


I 

f 

1 

During  rccmt  years,  consider- 
able improvement  in  design 
! proeednre  and  construction  practice, 
I i)ascd  on  intensified  research  and  rec- 
()gni/.{“d  engineering  principles,  have 
been  achieved  in  the  timb(;r  eonstnic- 
lion  field.  'I'bis  development  was  not 
reslrieted  to  sawn  limber  eonstruetion 
only.  l)iit  inehided  manulaeinred  tim- 
ber prodnets,  sneli  as  gliK'd-laminated 
limber  and  siriieliiral  Iniilding  com- 
poneiils  made  of  plywood,  as  well  as 
loimdalion  piling,  wood  preservation, 
^ limber  laslenings  and  adhesives.  In 
j due  eonrse  these  developments  had  to 
I be  inehided  in  pertinent  speeiliealions 
I ol  lh<>  Ganadi.m  Standards  .Assoeia- 
I lion,  either  by  way  ol  resising  e.visl- 
ing  editions,  oi'  ei'ealing  new  speeiliea- 
lioiis,  so  that  engineers,  arehiler'Is, 
manniaelma'rs  and  eonliaelors  eoiild 
relia'  to  np  lo-dale  limber  spécifié. i 
lions  of  reeogni/ed  anihurily. 


In  realization  of  the  importance  of 
the  National  Building  Ciode  of  Can- 
ada as  a doenmcait  more  and  more 
adopted  in  part  or  as  a whole  by 
cities,  counties  and  mnnieipalities 
throughout  Canada,  close  co-opera- 
tion between  the  committees  of  the 
Canadian  Standards  .A.ssoeialion  and 
tlu'  eorrt'sponding  National  Building 
Code  groups  during  the  incparation 
of  the  S|ieeifieations  was  m.ind.ilor\'. 
Both  groups  realized  that  one  sl.ind- 
ard  for  wood  eonstruetion  and  one 
only  should  be  in  existence  in  (ian- 
ad.i.  'i’he  result  ol  this  eo-oper.ition  is 
th.it  the  eonteni  ol  tlu-  section  on 
W’ood  Design  ol  the  ItIBd  etlilion  ol 
the  N.ilion.il  Building  ( !ode  of  ( an- 
nl.i  is  exaelly  the  s.inu-  .is  the  ( ode 
ol  Reeoinmended  I’l.ieliee  lor  I'ingi- 
neeiing  Design  in  I'iinber.  published 
first  in  I!).')!)  In'  the  ('.ni.idi.in  .Sl.m- 
(I. nils  AssiH'i.ilion, 


CS.\  OS6— 1959,  Code  of  Recommended 
Practice  for  Engineering  Design  in 
Timber 

This  is  essentially  a design  eode, 
prox'iding  information  for  the  strnc- 
tnral  engineer  on  design  criteria,  for- 
mnl.is,  working  stresses  and  limita- 
tions, for  the  design  of  all  kinds  of 
strnetnres  using  wooil  or  wood  pnid- 
iiels.  It  inelndes  general  desipi 
reiinirements  ajspK  ing  to  all  wood 
prodnets.  as  well  as  si>tvifie  reiinire- 
menls  for  s.iwn  lumber.  glniHl-lainin- 
.it.d  timber.  pKwood.  piling  and 
l.isleniiigs. 

Work  on  this  code  vs  .is  begun  e.irlv 
in  111.5.5.  and  the  first  edition  w.is  pn!> 
lishi'd  in  the  l.dl  ol  19.5!).  The  net'll 
lor  sneb  a code  h.nl  .irisen  .is  .i  iesn!t 
ol  woik  done  in  preiv.ii .itiou  loi  t!i 
I95.1  edition  ol  tlie  \,)l:.>n.il  Riuld- 
ing  Code  of  C.in.ida  refe  'e.  to  - 
the  lollowing  .e  \Bt  w o.  w . 
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issued  early  in  1955.  Thus,  complete 
information  on  timber  constmction 
for  bridges  and  other  structures  as 
well  as  buildings  would  be  available 
in  documentary  form  f''om  the  Cana- 
dian Standards  Association,  both  in 
regard  to  material  specifications  as 
well  as  to  design  practice. 

The  original  idea  was  to  provide 
a document  which  was  essentially  par- 
allel to  the  National  Design  Specifi- 
cation for  Stress-Grade  Lumber  and 
its  Fastenings,  published  by  the  Na- 
tional Lumber  Manufacturers  Associ- 
ation in  the  United  States  (referred 
to  in  the  following  as  NDS).  How- 
ever, as  work  on  this  new  code  pro- 
gressed, it  was  found  desirable  to 
increase  the  scope  by  including  ply- 
wood design  and  timber  foundation 
piling,  and  to  deviate  from  quite  a 
few  Ameriean  proeedures  or  prin- 
ciples, for  various  reasons.  The  pur- 
pose of  this  paper  is  essentially  to 
discuss  changes  of  CSA  specifications 
and  reasons  for  changes,  rather  than 
gi\  ing  a complete  description  of  con- 
tent of  each.  Since  CSA  086  code 
1959  is  a first  edition,  eomparisons 
with  previous  procedures  or  prin- 
ciples can  only  be  made  with  refer- 
ence to  previous  CSA  material  speci- 
fications, NBC  1953  and  NDS.  In  the 
following  the  major  changes  are  dis- 
cussed paragraph  by  paragraph  as 
they  are  referred  to  in  the  new  code. 

Section  1:  General  Design 

Para  1.3.3,  Conditions  of  use.  This 
paragraph  is  new  and  ties  together 
the  allowable  working  stress  values 
and  modifications  with  realistic  de- 
sign loads,  normal  quality  of  wood 
products,  consideration  of  service 
conditions,  adequacy  of  design,  fab- 
rication, grading  and  maintenance  of 
the  stnicture,  and,  finally  with  the 
proper  use  of  wood  products  as 
graded  for  a designated  end  use.  This 
provision  not  only  reminds  the  de- 
signer of  the  many  factors  influencing 
the  sti'ength  of  a structural  compon- 
ent, but  also  serves  as  a binding 
clause  for  convenient  inclusion  in  con- 
stmction  contracts. 

Para  1.3.4,  Service  Conditions.  A 
new  approach  to  service  grades  of 
glulam  in  this  clause,  refers  to  “ex- 
terior” and  “interior”  grades,  the  same 
terms  as  are  used  for  plywood.  In- 
terior grades  may  be  used  where  the 
equilibrium  moisture  content  in  serv- 
ice will  average  15%  or  less  over  any 
year;  exterior  grade  is  to  be  used  for 
all  other  service  conditions.  This  not 
only  defines  quite  clearly  the  limita- 
tion of  use  of  interior  grade,  but  also 
simplified  the  writing  of  design  spe- 
cifications by  omitting  the  necessity 
of  specifying  the  type  of  glue  to  be 
used.  Since  there  are  several  glues 


available  for  exterior  as  well  as  for 
interior  use,  the  new  terminology  has 
real  merit. 

Para  1.4,  Grouping  of  Species.  A 
rather  outstanding  change  has  been 
made  in  regard  to  tabulation  of  work- 
ing stresses.  Heretofore  Canadian  as 
well  as  Ameriean  specifications  listed 
working  stresses  for  each  species  and 
of  corrrse  for  various  grades,  so  that 
the  designer  was  faced  with  selecting 
from  more  than  20  species  and  up  to 
17  grades  for  some  of  the  species.  To 
encourage  good  use  of  timber  by 
keeping  the  design  regulations  as 
simple  as  possible,  a system  of  group- 
ing was  worked  out  in  which  the 
species  most  widely  used  for  struc- 
tural pmposes  were  left  as  individual 
species  or  put  into  very  small  groups, 
while  species  that  were  less  com- 
monly used  stmcturally  were  grouped 
into  larger  groups.  Naturally  the 
properties  assigned  to  the  group  as 
a whole  were  the  controlling  proper- 
ties for  the  various  species  included 
in  the  group,  and  therefore  provided 
an  additional  variable  factor  of  safety 
for  all  properties  except  one  property 
of  one  species. 

It  was  found  possible  to  combine 
all  structurally  used  species  into  four 
groups,  without  penalizing  any  one  of 
the  species  unduly.  Group  1,  con- 
taining only  three  species,  was  fur- 
ther sub-divided  into  three  sub- 
groups: I (a),  Douglas  fir  (dense), 
I ( b ) Douglas  fir  ( non-dense  ) , west- 
ern larch  and  I (c)  Pacific  coast 
hemlock,  in  order  to  offer  most  eco- 
nomical use  of  these  very  important 
species.  In  this  connection  it  is  worth- 
while to  note  that  no  longer  is  any 
differentiation  of  strength  made  be- 
tween Coast  Region  Douglas  fir  and 
Mountain  (or  Interior,  or  Inland  Em- 
pire) Douglas  fir.  The  grouping  sys- 
tem is  applied  not  only  to  the  tabu- 
lation of  sawn  timber  working  sti'esses 
but  to  that  of  glulam  working  stresses 
and  permissible  loads  for  timber  fas- 
tenings as  well. 

Para  1.5. 2.2,  Duration  of  Loading. 
The  fact  that  timber  has  the  ability 
to  sustain  for  short  periods  of  time 
loads  substantially  in  excess  of  those 
it  will  sustain  for  long  periods  without 
a loss  in  factor  of  safety,  has  been 
verified  by  tests  for  well  over  20 
years  and  considered  in  United  States 
design  specifications  for  about  the 
same  time.  In  Canada,  modification 
factors  for  various  durations  of  load- 
ing were  included  for  the  first  time 
in  1953  in  CSA  specification  043, 
Structural  Timber,  and  in  CSA  Speci- 
fication 0122,  Olued-Laminated  Tim- 
ber Construction.  At  that  time,  work- 
ing stresses  were  tabulated  for  con- 
tinuous duration  of  loading  and  con- 
sequently percentages  of  these  tab- 


ulated süess  values  for  other  dura-  ■* 
tions  of  loading  were  calculated  with 
reference  to  continuous  duration  as  j 
100%.  The  types  of  short  term  load- 1 
ings  were:  three  years,  two  months, 
seven  days,  wind  or  earthquake,  and 
impact.  By  number,  magnitude  and 
terminology,  these  modifications  were 
essentially  identical  with  those  speci- 
fied in  NDS.  In  NDS,  however,  work- 
ing sti'esses  were  tabulated  for  nor- 
mal duration  of  loading.  This  is  de- 
scribed in  NDS  as  follows:  “Normal 
load  duration  contemplates  fully 
stressing  the  member  to  the  allowable 
stress  by  the  application  of  the  full 
maximum  nomal  design  load  for  a 
duration  of  approximately  10  years 
(either  continuously  or  cumulatively) 
and/or  the  application  of  90%  of  this 
full  maximum  noi'mal  load  continu- 
ously throughout  the  remainder  of  the 
life  of  the  structure,  without  en- 
croaching on  the  factor  of  safety”. 
Since  normal  durations  of  loading  are 
much  more  frequent  than  continuous 
load  durations,  the  more  realistic 
American  approadh  was  adopted  in 
pi'inciple  for  CSA  086.  A copy  of  the 
table  of  modifications  for  various 
durations  of  loading  is  given  in  table 
1. 


TABLE  1 


Allowable  Working  Stresses  for  Various 
Durations  of  Loading 


Allowable  Unit 


Duration  of  Loading 

Stress — Percent 

Continuous 

90 

Normal 

100 

Two  months 

115 

Seven  days 

125 

Wind  and  earthquake 

133 

Instantaneous  or  impact 

200 

In  conjunction  with  the  table  of  mod-  !rl 
ifications  CSA  086  contains  explana-  I 
tory  notes  giving  examples  for  the 
various  load  durations. 

The  1953  edition  of  NBC  pro-  i/ 
vided  only  one  factor  for  increase  of  à 
allowable  unit  stresses  which  were  ; 
tabulated  for  continuous  loading:  a i 
factor  of  1.33,  by  Which  tabulated  |1 
sti'esses  could  be  increased  for  con-  f 
Crete  formwork,  temporary  trestles 
and  other  like  temporary  structures, 
and  for  wind  and  earthquake.  After 
considerable  investigation  of  the  be-  i 
haviour  of  wood  under  various  con-  j 
ditions  of  loading,  and  in  co-operation  i. 
with  the  CSA  working  committees,  II 
which  in  turn  supplied  supporting  ( 
data  from  the  Forest  Products  Lab-  11 
oratories  of  Canada,  full  acceptance  i 
of  the  proposed  modification  factors  | 
by  the  NBC  committees  was  finally 
achieved,  so  that  CSA  code  086  could  i! 
be  adopted  in  its  entirety  for  the  j 
1960  edition  of  NBC.  ! 
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H Section  2:  Sawn  Lumber 
I Para  2.2.2. 1,  Structurally  Graded 
Lumber.  Identification  of  structura'Uy 
jgraded  lumber  by  grade  marking  or 
jcertificate  of  inspection  by  an  inspec- 
jtion  agency  has  been  introduced,  as 
|a  desirable  added  requirement. 

Para  2.3  Allowable  Unit  Stresses. 
|As  mentioned  previously,  the  various 
'Canadian  species  commonly  used  in 
construction  have  been  grouped  and 
working  stresses  are  tabulated  in 
Table  6 for  normal  duration  of  load- 
jing.  Unfortunately,  in  1960  Table  6 
j became  obsolete  in  regard  to  Group 
: I species,  i.e.  Douglas  fir  and  Pacific 
I coast  hemlock  with  the  publication  of 
jthe  1959  Grading  Rules  of  the  Brit- 
I ish  Columbia  Manufacturers  Associa- 
i tion  (referred  to  in  the  following  as 
: BCLMA),  and  a revision  has  been 
prepared.  A great  volume  of  the 
' timber  manufactured  by  member 
' mills  of  the  Association  is  exported 
, to  the  United  States;  hence  the  saw- 
j mills  had  to  manufacture  to  Cana- 
I dian  grading  specifications  as  well  as 
! to  American  specifications,  which 
I caused  obvious  problems  of  many 
kinds.  The  Association  therefore  de- 
j cided  to  adopt  in  full  the  American 
grading  rules  and  working  stresses  as 
tabulated  in  NDS.  The  19.59  BCLMA 
(irading  Rules  refer  only  to  the  prin- 
cipal stresses  of  the  various  structural 
i items  graded  for  a specific  end  use, 
and  the  cuiTcnt  revision  of  CSA  086 
requires  that  they  be  so  used.  For  ex- 
ample bending  stresses  are  listed  for 
joists,  planks,  beams  and  stringers, 
whereas  compression  stresses  parallel 
to  the  grain  would  be  listed  for  posts 
' and  timbers. 

As  Douglas  fir  and  Pacific  coast 
hemlock  are  species  most  widely  used, 
a tew  morr;  words  should  be  said  in 
regard  to  the  latest  changes  of  grades 
and  grade  names.  In  the  Douglas  fir 
section  of  BCLMA  Grading  Rule 
1956,  “select  structural”  and  “strnc- 
tnral”  grades  were  li.s'ted.  Also,  two 
other  stre.ss  grades  wc're  available: 
"dense  select  slruetural”  and  “dense 
strneinral”.  All  otlu'r  grades  were 
non-stress  grade's  and  described  as 
"select  inc'reban table”,  “c'onstrnction”, 
“standard",  “Utility”  and  “eeonomy”. 
.'\ee()i (ling  to  paragrairh  2. 2. 2. 2 and 
2.6.2  (>l  ('SA  086.  working  stresses 
could  also  be  assigned  to  “constrne- 
tion"  grade  and  “standard"  grade  tor 
.1  specitic  end  use,  proN’ided  lb.it  the 
material  was  either  used  in  load  sh.ir 
in, g systems,  or  singly  when  reseleeted 
lor  speeilicd  minimnm  slope  ol  gr.iin. 
In  the  I’acilic  co.ist  hemlock  section, 
the  same  non  stress  gr.ules  .is  lor 
Ihmglas  lir  were  listed,  but  no  stress 
gr.ules  included. 

In  eoutr.ist.  IK'I.M  V (ù.uling  Buie 


19.59  contains  five  stress  grades  for 
Douglas  fir:  “Dense  Select  Structural”, 
“Select  Structural”,  “Dense  Construc- 
tion”, “Construction”  and  “Standard”, 
and  three  stress  grades  for  Pacific 
Coast  Hemlock:  “Select  Structural”, 
“Construction”  and  “Standard”. 

The  most  significant  changes  as 
compared  to  the  previous  Rule  are  as 
follows: 

1.  The  term  “Structural”  grade  is 
eliminated; 

2.  “Construction”  grade,  takes 
generally  the  place  of  the  former 
“Structural”  grade,  and  carries 
assigned  working  stresses; 

3.  A lower  stress  grade,  “Stand- 
ard”, with  an  assigned  working  stress, 
is  now  available  in  both  species,  in 
the  “joist  and  plank”  category  only. 

Section  3:  Glued  Laminated  Tim- 
ber. Before  the  establishment  of  CSA 
086,  the  design  procedure  for  glued- 
laminated  timber  (in  the  following 
referred  to  as  glulam)  was  described 
in  the  1953  edition  of  CSA  Specifica- 
tion for  Glued-Laminated  Timber 
Construction.  The  procedure  recom- 
mended therein  was  felt  to  be  not 
only  very  cumbersome  and  impracti- 
cal for  use  by  engineers  and  archi- 
tects, but  also  caused  a great  deal  of 
misunderstanding  and  misuse,  which 
in  fact  did  a good  deal  of  harm  to 
the  laminating  industry. 

In  regard  to  the  consideration  of 
imperfections,  such  as  knots,  in  de- 
sign, this  procedure  provided  for 
three  methods  of  knot  restriction. 
Method  1 required  no  control  of  knot 
placement  in  adjacent  laminations, 
and  for  design  the  maximum  knot 
was  assumed  at  the  critical  section  in 
every  lamination.  Method  2 required 
control  in  manufacturing  to  the  ex- 
tent that  maximum  knots  in  adjacent 
laminations  were  no  closer  longitud- 
inally than  the  width  of  the  lamina- 
tion, and  for  design  assumed  the 
inaxiininn  knot  in  the  outer  lamina- 
tions at  tlu'  critical  section  with  a 
maximum  knot  in  each  alternate 
lamination  tlu'ic'from,  and  no  knots  in 
the  intermediate  laminations.  Method 
3 restricted  the  total  number  of  maxi- 
mum knots  in  the  member,  recpiiring 
again  control  ot  knot  location  during 
mannfaetnre.  'I'he  result  of  this  ap- 
jiroach  was  mort'  th.m  disc'our.iging: 
Designers  would  oltc'u  dt'eidc'  for 
method  I with  no  control  rt'cpiired. 
for  simplieitN’  ol  e.ilenl.ition  of  lu't 
ellc'etivc'  moment  ot  inerti.i.  .ilso 
somc'timc'S  cpic'stioning  wlu'tlu'r  or 
not  the  m.mnl.utiiK'r  .idbc'red  stiietlv 
to  siK'b  eontiols;  m.imit.ietnrers  ucic' 
foret'tl  to  inerc'.isi'  the  cost  of  glnl.im 
111. Hint. letnred  iiiulc'i  iiu'tliods  2 or  3 
owing  to  tilt'  ligitl  .uul  t'xiiensixc'  eon 
trois  retpiiretl.  I'lit'  s.iNings  .uliievt'd 


in  design  by  obtaining  smaller  size 
members  were  thus  often  exceeded 
by  the  extra  cost  of  control.  Hence 
method  1 was  mostly  used,  which 
was  in  fact  too  conservative,  and 
raised  the  cost  of  glulam  construc- 
tion unnecessarily. 

To  complete  the  picture  of  con- 
fusion, it  should  be  mentioned  that 
engineers  often  got  to  the  point  of 
desperation  and  fell  back  upon  speci- 
fying glulam  in  accordance  with  the 
American  NDS.  Since  the  latter  speci- 
fication lists  grade  combinations  based 
on  grades  used  in  the  sawn  timber 
industry,  whereas  Canadian  laminat- 
ing manufacturers  would  grade  their 
stock  to  laminating  grades  A,  B,  C 
and  D in  accordance  with  CSA  0122, 
none  of  which  is  identical  with  sawn 
timber  grades,  one  can  easily  imagine 
the  waste  of  time  and  energy,  let 
alone  complications,  arguments  and 
annoyances  that  arose  from  most  such 
instances. 

The  reason  for  preferring  the  Amer- 
ican procedure  was  simply  because  it 
would  provide  the  engineer  with 
working  stresses  directly  assigned  to 
one  specific  grade  combination,  ready 
for  use  in  design  as  for  solid  sawn 
timber  without  onerous  calculations. 
When  considering  a major  rex’ision  of 
the  Canadian  procedures,  it  was  re- 
alized that  the  American  approach 
would  still  leave  the  decisions  to  the 
design  engineer  as  to  which  of  the 
many  grade  combinations  providing 
the  same  working  stress  should  be 
used  in  manufacture.  This  was  consid- 
ered to  be  poor  economx’,  since  the 
designer  could  not  be  e.xpected  to 
know  what  proportions  of  which  lam- 
inating grades  would  be  most  ad\  an- 
tageous,  from  the  point  of  \ie\v  of 
supply  of  stock,  location  of  plant  and 
other  practical  factors. 

It  was  therefore  decidt'd  to  separ- 
ate design  proc'edure  and  working 
stresses  troin  production  re<iuirements 
and  grade  combinations  eoinpleteK'. 
b\'  ineliiding  the  lormer  in  CS.V  086: 
Code  of  Recoinmneded  Practice  for 
Fiigiiit'cring  Design  in  Timbt'r.  and 
the  latter  oiiK'  in  a re\  isi'd  txlition  of 
CS.V  0122.  now  ealh'd  SptH'ifie.ition 
lor  (iliied-I.aminatt'd  Softwood  Stnu- 
tiir.il  'I'iinbi'r.  set  up  as  a ni.iterial 
s]H'eifie.ition  to  tlt'al  onK  with  re 
(inirt'inents  for  raw  inati'ii.ils  and  tlu' 
m.inni.ietnrt'  of  ginl.nn. 

The  first  sti  p in  tiu'  new  ilin  . tior 
w.is  to  dt'cidt'  upon  the  stress  Itwels 
tor  which  working  strt'ssfs  for  lue 
gild. un  dt'sign  wtuilil  bo  pnl^’islit-  ' 
rbt'  (iSA  speeilie.ition  eoinmitlce  "i 
elost'  eo-opei.ition  with  the  en  ' . ^ 

ol  the  nit'inbt'is  ol  the  I-.d'i'-.." 

I^i\  ision  of  the  r '.ui.uh.in  k -!■'  >tc  .1 
l iinber  Oonstnu  tion.  fin.i'lv  . . . o 
on  th('  following  sin”  , c 1.  ' 


THE  ENGINEERING  JOURNAL  {id  MAY,  196} 


1.  24f,  selected  to  be  most  effici- 
ent for  members  stressed  principally 
in  bending; 

2.  20c,  most  efficient  for  mem- 
bers to  be  stressed  principally  in  com- 
pression, and  Where  short-column 
strength  would  govern,  rather  than 
budding; 

3.  18c,  most  efficient  for  mem- 
bers to  be  sti'essed  principally  in 
compression,  and  where  column 
buckling  would  govern; 


Inspection  of  Table  2,  an  extract 
from  Table  8 of  CSA  086  shows  what 
is  meant  by  “most  effieient  use”.  The 
grade  combinations  permitted  for  24f 
stress  grade  are  selected  to  give  great- 
est strength  in  bending,  and  thus  only 
2000  p.s.i.  is  allowed  in  tension.  On 
the  other  hand,  the  strength  of  26t 
is  2600  p.s.i.  in  tension  but  only  2200 
p.s.i.  in  bending. 

This  new  design  procedure  has 
now  been  in  use  for  a year  and  a 


TABLE  2 


Allowable  unit  stresses  for  Stress  Grades  of  Glued-Laminated  Douglas  fir.  Normal 
Duration  of  Load,  Dry  Service  Gonditions 


Stress  Grade 

N umber 

Extre^ne  fibre 
in  bending, 
p.s.i. 

Compression 
parallel  to 
grain,  p.s.i. 

Tension 
parallel  to 
grain,  p.s.i. 

24f 

2400 

1600 

2000 

20c 

2400 

2000 

2400 

18c 

1600 

1800 

2300 

26t 

2200 

1900 

2600 

4.  26t,  most  efficient  for  mem- 
bers principally  stressed  in  tension 
parallel  to  grain,  as  in  truss  chords. 

Working  stresses  would  be  cal- 
culated for  all  types  of  stress  in  each 
strength  grade,  but  the  name  of  the 
grade  itself  indicated  the  strength  in 
the  most  efficient  property  for  dry 
conditions  of  use  at  normal  duration 
of  load.  For  example  24f  stress  grade 
would  have  an  allowable  unit  stress 
of  2400  p.s.i.  in  dry  conditions  of  use 
at  normal  duration,  but  only  1900 
p.s.i.  under  wet  conditions,  or  1600 
p.s.i.  in  compression  parallel.  The 
number  of  stress  grades  was  kept  to 
a minimum  to  promote  efficiency, 
avoid  confusion,  and  achieve  simplic- 
ity. 

Various  grade  combinations  were 
then  worked  out  that  would  provide 
the  strengths  required;  these  were 
tabulated  in  the  new  CSA  0122  spe- 
cification. The  procedure  used  in  de- 
riving at  the  new  grade  combinations 
was  based  on  a knot  frequency  study 
and  will  be  discussed  in  more  detail 
in  the  section  dealing  with  that  speci- 
fication. 

Table  8 of  CSA  086  lists  all  work- 
ing stresses  for  the  four  stress  grades 
of  glued-laminated  Douglas  fir  at  nor- 
mal duration  of  load,  both  for  dry  and 
wet  service  conditions.  Following  the 
new  concept  of  species  grouping. 
Table  9 lists  modification  factors  for 
allowable  unit  stress  for  species 
groups,  to  be  used  in  conjunction 
with  the  values  listed  in  Table  8, 
when  species  other  than  Douglas  fir 
are  selected. 


half,  and  has  proved  successful  with 
both  the  engineering  profession  and 
glulam  manufacturers. 

Section  4:  Plywood.  The  allowable 
unit  stresses  for  Douglas  fir  plywood 
under  diy  service  conditions  presently 
shown  in  table  10  for  normal  dura- 
tion of  loading  are  similar  to  those 
recommended  by  the  Plywood  Manu- 
facturers Association  of  British 
Columbia  and  by  the  Douglas  Fir 
Plywood  Association,  Tacoma,  Wash- 
ington, for  pei-manent  duration  of 
loading.  This  was  decided  upon  be- 
cause studies  on  plywood  working 
stresses  conducted  jointly  by  the  U.S. 
Forest  Products  Laboratory  and  the 
Douglas  Fir  Plywood  Association 
were  still  under  way  at  the  time  of 
preparation  of  C.S.A.  Code  086. 
These  studies  have  now  been  com- 
pleted and  the  results  of  the  tests 
which  were  carried  out  and  the 
recommendations  made  by  the  U.S. 
Forest  Products  Laboratory  have  been 
endorsed  by  the  Forest  Products 
Laboratory  of  Canada,  and  accepted 
by  the  CSA  Committee  on  Engineer- 
ing Design  in  Timber.  Consequently 
a revision  has  been  made  to  table  10 
of  CSA  Code  086,  which  gives  work- 
ing stresses  for  Douglas  Fir  Plywood, 
making  these  changes; 

1.  Increase  of  ‘Vhear  through 
thickness”  (shear  in  a plane  peipendic- 
ular  to  the  plies)  by  approximately 
25%. 

2.  Increase  of  all  sti’esses  except 
modulus  of  elasticity  by  10/9ths  to 
convert  to  nonnal  loading. 

These  revisions  have  also  been  incor- 
porated in  the  1960  edition  of  NBC. 


Section  5:  Timber  Piling.  In  line 
with  all  other  sections  of  this  specifi- 
cation, this  section  deals  with  design 
considerations  only  and  does  not  in- 
clude any  material  specifications.  The 
design  provisions  included  are  based 
on  accepted  principles  of  engineering 
as  referred  to  in  a number  of  text- 
books on  this  subject. 

Because  piling  is  so  dependent  on 
the  bearing  capacity  of  the  soil,  the 
design  sti'ength  of  the  pile  is  rather 
of  secondary  importance.  However, 
CSA  Specification  A 56  for  Round 
Timber  Piles  provides  for  certain  min- 
imum requirements  of  quality  w'hich 
in  turn  permit  the  use  of  structural 
grade  timber  stresses  as  listed  in 
clause  2.3.1.  of  this  specification,  in 
the  stmctural  design  of  timber  pile 
foundations.  It  may  be  of  interest  to 
mention  in  this  connection  that  on 
the  basis  of  equal  quality,  round 
piling  is  stronger  than  sawn  timber, 
because  the  wood  fibres  of  a pile  are 
less  disturbed  than  in  a sawn  timber. 

Section  6:  Timber  Fastenings.  The 
section  on  timber  fastenings  is  com- 
parable in  content  and  approach  with 
the  same  sections  in  NBC  1953  and 
NDS.  Changes  in  comparison  with 
NBC  1953  include  the  revision  of 
load  values  and  certain  conversion 
factors,  due  to  reaiTangement  of  the 
grouping  of  species  and  conversion 
from  permanent  duration  of  loading 
to  normal  duration,  for  reasons  out- 
lined before.  A rather  important  new 
provision  is  contained  in  paragraph 
6.3. 1.7. 2.,  saying  that  “for  glued- 
laminated  timber,  the  tension  or  com- 
pression stress  in  the  net  section  shall 
not  exceed  the  allowable  unit  stress 
in  compression  for  the  stress  grade 
used”. 


CSA  0122—1959,  Specification  for  i 
Glued-Laminated  Softwood  Structural  i 
Timber 

The  preface  to  this  second  edition 
states:  “The  second  edition  of  tliis 
specification  supersedes  the  first  edi- 
tion issued  in  1953  under  the  title.: 
Glued-Laminated  Timber  Construc- 
tion. Unlike  the  first  edition,  the  sec- 
ond edition  has  been  limited  to  deal 
only  with  the  material  and  assembly 
techniques  required  for  the  produc- 
tion of  glued-laminated  softwood 
structural  timber,  as  the  information 
on  design  and  working  stresses  for 
glued-laminated  timber  is  now  incor- 
porated in  the  CSA  Code  086, 
Recommended  Practice  for  Engineer- 
ing Design  in  Timber.” 

Since  the  second  edition  is  mark- 
edly changed  from  the  first  edition, 
the  major  changes  are  again  discussed)^ 
paragraph  by  paragraph  as  they  ar^ 
referred  to  in  the  revised  specificaT 
tion.  ■■ 
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I Paragraph  3,  Classification.  This 
; paragraph  classifies  ghilam  according 
to  stress  grade,  service  grade  and  ap- 
ipcarancc  grade,  each  of  which  is 
;iiKlependent  of  the  others.  The  re- 
quirements for  service  grades  and 
stress  grades  are  referred  to  through- 
out the  specification,  and  those  for 
appearance  grades  are  described  in 
i'letail  in  paragraph  5.10.  This  is  of 
great  help  to  engineers  and  a’chitects 
in  writing  specifications.  It  .should  l)e 
emphasized  that  these  three  grades 
;compIete]y  describe  the  material,  and 
the  job  specification  writer  need  not 
go  into  further  details. 

I Paragraph  5,  Manufacture.  Table 
9 incorporates  the  manufacturing  re- 
(piirements  and  gives  laminating 
.grade  combinations  and  minimum 
i scarf  joint  requirements  for  stress 
jgrades  24f,  20c,  18c  and  26t,  as  re- 
Icrred  to  in  CSA  Specification  086. 
In  establishing  the  number  of  grade 
I combinations,  the  manufacturer  was 
I given  adequate  latitude  of  choice  for 
! most  economical  results.  Since  the 
I working  stresses  were  fixed  regardless, 
'of  the  the  number  of  laminations,  the 
i laminating  grades  used  could  become 
I lower  as  the  number  of  laminations 
I increa.sed. 

In  contrast,  the  American  approach, 
as  incorporated  in  NDS,  recommends 
particular  combinations  of  stress 
grade  laminations  and  increa.ses  the 
i allowable  working  stres.ses  with  the 
I increase  of  number  of  laminations, 

I and  thus  with  the  member  size. 

' All  of  these  laminating  grade  com- 
i binations  were  derived  by  using  the 
I rcsnlts  ol  knot  Irecpumcy  studies  car- 
j lied  out  by  the  Cianadian  Institute 
! ol  'rinib(‘r  (ionstruction  in  close  co- 
operation with  the  forest  Products 
Laboratories  of  (ianada  and  the  Pa- 
cific Lumber  Inspection  Bureau.  The 
procedure  of  the.se  studies  followed 
that  recommended  by  the  U.S.  I’orest 
I I’rodnets  Laboratory  in  Madison,  Wis- 
I cousin,  using  grades  selected  from 
laminating  stock  at  two  western 
I plants  and  two  (rasterii  plants  of  (ian- 
I ada.  This  ])roeedm(;  is  described  in 
I detail  in  'reelmieal  Bulletin  1069, 

I published  by  the  United  State;;  l)e- 
I p;utmeut  ol  Agrieultiire. 

I l’ai;dlel  to  the  knot  lre(|ueney 
' studies,  extensive  testing  ol  x’aiious 
I types  ol  seiirl  joints  ol  s'ariuus  .sl()|)es 
I were  eanii'd  out  at  the  University  ol 
Toronto,  the  Uiiiversitv  of  .\lberta  ;md 
the  I'bresI  I’rodiiets  Laboratory  in 
Utt.iwa,  all  ol  w'hiih  supplemeiiti'd 
th.il  done  by  the  l''oresl  Pii)duels 
L.dioraloiy  at  Madison,  W’iseousin. 

I hese  (ianadi.m  tests  revisded  the 
nnpoitanee  ol  keeping  the  thickness 
ol  the  li|)  ol  a searl  joint  (dimension 
A in  the  sketdi  diaun  on  page  19 
ol  the  speeilieation ) to  ,t  minimum  m 


order  to  obtain  maximum  overall 
strength  of  the  joints.  Consequently, 
tip  step  dimensions  and  hook  dimen- 
sions are  also  limited  in  table  9. 

A])pendix  A,  Control  of  Manufac- 
turing Quality.  While  as  an  appendix 
this  is  not  a mandatory  part  of  the 
specification,  it  points  to  the  impor- 
tance of  careful  control  of  quality 
throughout  all  stages  of  manufacture, 
and  recommends  one  or  more  of  these 
means  of  assessing  quality: 

(a)  Grade-marking  or  other  desig- 
nation of  quality,  issued  under 
the  authority  of  a responsible 
trade  association  or  similar 
authoritative  body,  attesting  to 
quality  of  manufacture; 

(bj  Independent  inspection  of  all 
or  part  of  the  manufacturing 
process,  by  the  buyer  or  his 
agent; 

(c)  Tests  of  the  product,  by  the 
buyer  or  his  agent. 

In  connection  with  the  responsible 
trade  association  referred  to  under 
(a),  it  should  be  mentioned  tliat  the 
Canadian  Institute  of  Timber  Con- 
struction operates  an  industry-wide 
quality  control  program  which  incor- 
porates both  product  tests  and  regu- 
lar inspection,  as  well  as  additional 
rigid  requirements  to  assure  regular 
adherence  to  specifications  and  main- 
tenance of  quality.  The  system  is  im- 
plemented by  the  Institutes  “Qualifi- 
cation Code  for  Application  to 
Manulacturers  of  Structural  Clued- 
Laminated  Timber”,  which  is,  in  fact, 
a very  necessary  and  desirable  suirple- 
nientary  requirement  to  CSA  specifi- 
eation  ÜI22.  The  Institute  recom- 
mends that  the  lollowing  clause  or  its 
(‘(piivalent  bo  ineoiporated  in  all 
eonstruction  specifications  where 
struetiiral  ghilam  is  employed:  “Strue- 
tural  ghilam  shall  be  manufactured 
by  a plant  approved  by  the  Cana- 
dian Institute  of  'Limber  Construction 
as  ;i  Certified  Maniifaetmer  for  Class 
. . . work.  'Lhe  Certified  .Manufacturer 
shall  provide  a Certificate  attesting 
to  maiinlaetnre  under  the  Institute’s 
(,)nalilieation  Code  and  sluill  allix  the 
;in(hoii/.ed  label  to  all  strnctur.il 
membeis  supplied”. 

C.SA  0121  — 19.17,  Spei'ilicalion  lor  Doii.i;- 
las  I’lywoixl  and  \\’i‘slom  Soitvood 
( loiisti  uclioii  Plywood 

I his  is  the  ihini  edition  .md  pro 
\ ides  lor  new  gr.ides  ol  plywood  .is 
lollows: 

I High  l)ensil\  Owrl.iid  1’1\ 
wood; 

2.  Medium  l)en,sil\  ()\orl.iid 
I'K’wood  ; 

A.  L.u'loi  V { ir.ide; 

I.  Lndeil.iv  .Slie.ilhing  (û.ide. 

A|>pendi\  \ li.is  .dso  been  lesisisl 
to  m.ike  it  eonloiin  with  leqniiemenls 


of  Central  Mortgage  and  Housing 
Corporation  and  the  National  Build- 
ing Code.  At  the  time  of  xxTiting  of 
this  paper,  a fourth  edition  is  in  pre- 
paration and  will  be  published  this 
year.  Changes  are  not  of  a major 
nature  and  will  provide  for: 

1.  Use  of  plastic  patching  com- 
pound for  minor  repairs  in  “A”  and 
“B”  grade  veneers; 

2.  Addition  of  a new  concrete 
form  grade; 

•3.  Change  of  name  of  “Under- 
lay Sheathing”  to  “Select  Sheath- 
ing”. 

It  should  also  be  mentioned  that 
two  new  specifications  in  the  ply- 
wood series  are  in  preparation.  CSA 
0151  which  covers  Western  Softwood 
plywood  will  be  published  this  year. 
Another  specification,  CSA  0152,  en- 
titled Specification  on  Performance  of 
Construction  Plywood,  has  been  in 
preparation  for  five  years,  and  it  is 
hoped  that  a final  draft  will  be  avail- 
able before  the  end  of  1961.  The  ob- 
ject of  this  Specification  is  to  proxide 
performance  criterias  for  plyw'ood 
used  in  dwelling  construction. 

CS.A  A .56—1942,  Standard  Specifications 
for  Round  Timber  Piles 

A second  edition  is  in  preparation 
and  scheduled  for  publication  during 
this  year.  The  forthcoming  changes 
will  result  in  simplification  and  clari- 
fication by  separating  the  specifica- 
tions for  material  and  manufacture. 
-Also  there  will  be  only  one  grade  of 
piling,  and  the  three  classes  of  piling 
for  various  sizes  of  butt  and  tip  will 
be  eliminated.  This  change  will  avoid 
future  misinterpretation  of  the  specifi- 
cation, assuming  that  lor  example 
Cilass  .\  piling  would  not  only  be 
larger  in  size  but  also  of  better  qual- 
ity than  Class  B or  Class  C piling, 
whieh  of  exnir.se  was  not  the  case.  I'or 
the  same  loason,  a table  eontaining 
pile  si/.i's  w ill  not  be  ineduded  in  the 
ntwv  edition  but  a ii-eonmu'iulation 
be  in. nil'  that  piling  shall  be  speeifiixl 
1)\'  minimnm  butt  iliameter  .nul,  or 
tip  rli.mu'ter,  thus  inviting  the  ile- 
signer  to  restrict  sizes  to  aetu.il  re- 
(|nireinent.s.  However,  tlie  .ippendix 
lists  pill'  sizes  eommonly  av.ul.ible  in 
(lillerent  spivii's  to  .i\oid  miswriting 
ol  speeilii'.itions. 

( S V ()  111  - I9.'>.'t;  Spccilicalinn  for 
Sirnctnral  limber 

\llei  the  first  edition  \ 1 1 L-.IT' 
w.is  published,  some  m.ijoi  eh.m:l<  s 
were  m.ide.  ineluding  iiuae.  m s :.! 
working  stresses  for  I'eil.iie  ]■>’  ■. 

,md  dm.itiou  of  lo.nl  im  ddi-  ■- 
.md  imoipor.iled  in  .i  ie\  "e.!  \e 
Oil  I9M 

W ith  tl-r  pe’  ’ e ■ N \ I 

I’lyu  ( .,d,  ol  le. 1 
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of  Engineering  Design  in  Timber, 
working  sriesses  and  other  design  in- 
formation given  in  tliis  specification 
and  its  appendices  became  superfln- 
ons,  and  were  deleted  by  amendment, 
leaving  those  parts  pertaining  to  the 
specification  of  materials.  The  pub- 
lication of  B.C.M.L.A.  Grading  Rules 
1959  called  for  changes  of  some 
grade  names  and  grade  requirements, 
and  it  was  then  decided  to  strike  out 
all  specific  references  to  Douglas  Fir 
and  to  leave  CSA  043  as  a general 
material  specification  for  sawn  lum- 
ber of  all  species  except  Douglas  Fir. 
These  changes  have  now  been  made 
by  an  additional  amendment,  so  that 
CSA  043  is  now  a general  material 
specification  for  stress-graded  lumber 
not  otherwise  covered  by  regional 
grading  rides. 

CSA  0112  Series:  Speeifieations  for 
Wood  Adhesives 

The  reason  for  the  development  of 
this  series  was  not  only  the  need  for 
a reference  in  manufacturing  specifi- 
cations of  glued-laminated  timber, 
plywood  and  other  materials,  but  also 
because  it  became  rather  awkward  to 
have  to  refer  to  American  specifica- 
tions in  National  Defence  contracts. 
A complete  series  including  all  ad- 
hesives was  planned  but  only  those 
of  greatest  interest  from  the  point  of 
view  of  woodworking  use  have  been 
completed  in  1960.  These  include 
animal  glues,  starch  glues,  casein 
glnes,  polyvinyl  adhesives,  ruea  resin 
adhesives  for  room  and  high-temper- 
ature setting  and  phenol  and  resorcin- 
ol resin  adhesives  for  room  and 
intermediate  - temperature  setting. 
Specifications  for  which  there  is  less 
immediate  need,  covering  adhesives, 
will  be  prepared  in  due  course. 

The  specifications  available  to  date 
outline  the  requirements  for  the  ma- 
terials themse'lves,  in  regard  to  physi- 
cal characteristics  'as  well  as  to  their 
performance  under  certain  specified 
tests.  The  test  procedures  are  grouped 
in  one  specification  which  is  referred 
to  by  all  of  the  other  specifications, 
since  the  test  procediues  are  basically 
the  same  for  all.  Since  the  quality  of 
a glue  line  or  a glued  joint  depends 
not  only  on  the  quality  of  the  ad- 
hesive itself,  but  also  on  proper  appli- 
cation, the  development  of  a com- 
panion series  on  the  application  of 
adhesives  under  series  number  0113 
is  planned. 

CSA  080—1959,  Specification  for  Wood 
Preservation 

The  first  edition  of  this  specifica- 
tion, CSA  080  series,  1954,  was  al- 
most in  complete  agreement  with  the 
Manual  of  Recommended  Practice  of 
the  American  Wood  Preservers  Asso- 


ciation (in  the  following  referred  to 
as  AWPA  Manual),  except  that  it  was 
published  in  tire  standard  CSA  for- 
mat. Since  it  was  very  difficult  to  keep 
up  with  changes  in  AWPA  Manual, 
the  CSA  Committee  on  this  specifica- 
tion decided  to  discontinue  this  series 
and  to  adopt  the  various  specifications, 
of  the  AWPA  Manual  by  reference. 
The  1959  edition  of  CSA  specification 
080  is  published  in  such  a format 
that  it  can  be  inserted  in  the  front  of 
the  standard  AWPA  Manual  ring 
binder.  It  consists  of  adoption  of  the 
current  AWPA  standards  by  reference 
with  such  additions  or  deviations  as 
are  considered  necessary  in  order  to 
provide  for  Canadian  species  and 
service  conditions  in  regard  to  require- 
ments of  preservative  retentions.  With 
regard  to  the  latter  it  should  be 
pointed  out  that  some  Of  the  AWPA 
specifications  are  under  revision  and 
it  is  quite  possible  that  both  Ameri- 
can and  Canadian  specifications  will 
be  in  agreement  after  these  revisions 
have  been  carried  out. 

For  most  puiposes,  the  CSA  Speci- 
fication on  Wood  Preservation  must 
be  considered  a supplement  to  the 
AWPA  Manual,  since  the  latter  is 
needed  for  a complete  reference  on 
any  preseiwative,  method  or  commod- 
ity. 

Conclusion 

In  closing,  may  I point  out  that 
CSA  Standards  in  the  timber  field  are 
kept  up  to  date  through  continuous 
review  by  CSA  committee  members, 
who  are  technical  leaders  in  the  in- 
dustry. The  CSA  committees  co-oper- 
ate closely  with  regional  lumber 
associations  in  Canada,  and  keep  in 
touch  with  related  gioups  in  other 
countries  throughout  the  world. 

CSA  Specifications  are  amended  by 
the  addition  of  gummed  amendment 
slips,  automatically  sent  to  those  who 
return  a fonn  request  for  them  in- 
cluded with  each  copy  of  a specifica- 
tion. Failure  to  keep  up  to  date  by 
inserting  amendments  accounts  for 
many  incongrous  job  specifications. 

CSA  Specifications  are  available 
from  the  Canadian  Standards  Associa- 
tion, 235  Montreal  Road,  Ottawa. 
CITC  and  AWPA  codes  and  specifi- 
cations are  available  from  the  Cana- 
dian Institute  of  Timber  Construc- 
tion, 140  Wellington  Street,  Ottawa. 
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To  Mr.  E.I.C. 

Member  and  Associate  Member 


IF  ONLY  our  budget  would  have  permitted  it  you  would  have  reeeived  this  personal  letter  in  your  mail 
heeause  its  message  is  of  the  highest  importanee  to  an  engineer  of  your  standing. 

YOU  WERE  advised  reeently  that  Couneil  prepared  a motion  to  revise  the  by-laws.  This  revision  would  inerease 
the  membership  fee  to  a more  realistic  level  so  that  current  expenses  of  administration  can  be  met  and  an 
|improvcment  of  service  made  possible.  You  will  be  asked  to  vote  in  a ballot  to  be  mailed  to  you  during  the  summer 
;moiiths. 

• The  propo.sed  schedule  of  fees  is; 

Fellows  and  Members $24.00  Students $ 3.00 

Associate  Members  14.00  Affiliates - 2.5.00 

BHANUII  non-residents  and  non-residents  will  pay  $2.00  less.  This  will  not  apply  to  students  whose  fees  will 
remain  at  $3.00. 

NO  ONE  looks  with  great  eagerness  to  increased  fees  in  Learned  Societies,  Teclinical  Institutes  or  an\’  other  club 
or  group.  On  the  other  hand  you  no  doubt  wish  your  Institute  to  at  least  retain  its  present  effectiveness  and 
would  like  it  to  be  of  greater  service  to  the  community. 


YOU  WILIj  admit  that  costs  of  operating  any  organization  have  increased.  The  following  graph,  drawn  from 
information  publi.shed  by  the  Dominion  Bureau  of  Statistics,  indicates  that  the  proposed  increase  is  not 


1.  Iiu'liulc.s  fee  for  loiiriiiil.  1 9.5 1 i'((uals  $17.00. 

2.  IiK'liulcs  lùiod.  Housing,  UlolliiiiK,  Trai)\por(alioii,  l(('('ii'a(ioii  :iii(l  lleadiiii;,  ili'altli  and  I’l'isonal  ('air,  I'oliairo  and  Miolinl. 


WHEN  YOU  iTceiw  your  ballol  ne\l  suinnuT,  keep  ibis  clnirl 
in  mind;  llie  |■(‘(|u(‘st  lor  an  increase  is  no(  nul  ol  line. 


.r.  ■ 
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Abstracts 


Papers  to  be  presented  at  the  1962  EIC  Annual  General  Meeting 

Following  arc  the  abstracts  received  by  press  time.  Abstracts  of  other  papers  to  be  pre.sented 
at  the  1962  Annual  General  Meeting  will  appear  in  the  Jane  issue  of  the  Engineering  Journal. 


AGM  Paper  No.  8 

Construction  Features  of  the  Place  Ville  Marie  Project 

T.  M.  Phelan,  Project  Manager, 

Foundation  Company  of  Canada,  Montreal 

This  paper  describes  the  general  construction  features 
of  the  Place  Ville  Marie  Project.  It  outlines  some  of  the 
preplanning  of  various  temporary  facilities  carried  out 
before  commencing  construction  operations,  as  well  as  the 
most  successful  technique  developed  on  the  project  for 
blasting  and  removing  more  than  125,000  cu.  yd.  of  rock 
in  downtown  Montreal.  The  tie-back  shoring  method,  which 
was  also  developed  on  this  project  is  described,  as  are 
numerous  other  construction  innovations  and  procedures 
involving  many  trades  found  to  be  effective  in  construebng 
a large  high-rise  structure. 

AGM  Paper  No.  11 

T.C.A.  Overhaul  and  Maintenance  Base 

E.  A.  Dahl,  Structural  Engineer,  Ross,  Fish,  Duchenes  & 
Barrett 

T.C.A.  has  recently  put  into  operation  its  $20  million 
Jet  Maintenance  Base  at  Dorval,  Que.  The  buildings  alone 
cover  14  acres.  Two  of  these  buildings  are  hangars.  One, 
a series  of  175  ft.  span  cantilevers  supported  on  a mast  and 
anchor,  is  unique  in  the  length  of  the  cantilever';  the  other, 
a 90  ft.  series  of  cantilevers  suspended  from  the  edge  of 
150  ft.  span  reinforced  concrete  rigid  frame,  is  unique  in 
its  design.  Both  hangars  are  among  the  largest  in  existence. 
The  paper  will  describe  the  structures  as  such,  and  deal 
with  some  of  the  unique  problems  of  the  design  that  were 
encountered,  and  their  solution,  in  a descriptive  fashion. 

AGM  Paper  No.  13 

The  Pipeline  Flow  Characteristics  of  Crude  Oils 

G.  W.  Govier  and  R.  A.  Ritter,  University  of  Alberta 

Many  crude  oils  discovered  in  Western  Canada  dis- 
play unusual  flow  properties  at  the  temperatures  encount- 
ered during  storage  and  pipeline  transportation.  Careful 
consideration  of  deviations  from  Newtonian  behavior  is 
essential  to  the  accurate  design  of  most  flow  systems 
associated  with  these  liquids. 

The  characteristic  behavior  of  Newtonian,  pseudoplastic 
and  time  dependent  or  thixotropic  crude  oils  is  reviewed 
with  particular  attention  given  to  the  techniciues  involved 
in  the  measurement  and  inteipretatioii  of  the  rheological 
data.  Several  examples  of  each  type  are  presented  to 
demonstrate  the  rather  wide  variations  which  are  possible 
within  each  of  the  three  classifications. 

Application  of  laboratory  data  to  the  design  of  crude 
oil  pipelines  is  discussed.  The  complications  arising  from 
the  shear  rate  dependence  of  pseudoplastic  crude  oils  and 
the  shear  rate  and  time  dependence  of  thixotropic  crude 
oils  is  considered  under  both  laminar  and  turbulent  flow 
conditions. 


AGM  Paper  No.  22 

Soil  Cement  Construction  in  Alberta  and  Saskatchewan 

E.  B.  Garret,  xt.E.i.c.,  Development  Engineer, 

Inland  Cement  Co.  Ltd.,  Regina 

This  paper  will  briefly  describe  the  history  and  de- 
velopment of  soil  cement  in  the  United  States  and  Western 
Canada.  Soil  cement  will  be  defined  and  some  of  its 
engineering  properties  given.  Also  the  different  uses  of  soil 
cement  will  be  described  along  with  its  growth  in  Western 
Canada  and  United  States  during  the  last  27  years.  The 
adaptability  of  soils  to  soil  cement  and  the  laboratory  testing 
required  to  detemine  proper  cement  contents  will  be 
discussed.  Examples  of  construction  procedures  used  by 
Edmonton,  Saskatoon  and  Alberta  Department  of  Highways 
will  be  given.  Methods  of  curing  and  bituminous  surfaces 
will  be  described  along  with  the  basic  fundamentals  of 
inspection  and  field  control.  The  paper  will  close  by 
showing  some  of  the  factors  effecting  the  costs  of  soil 
cement  and  discussing  design  criteria  now  being  utilized. 

AGM  Paper  No.  24 

Magnetic  Inverters 
A Review  of  Switching  Processes 

C.  H.  R.  Campling,  m.e.i.c..  Queens  University,  Kingston. 
J.  A.  Bennett,  a.m.e.i.c..  Queens  University,  Kingston. 

C.  FI.  O'Flara,  a.m.e.i.c..  National  Research  Council, 
Ottawa. 

Switching  in  single-phase  inverters  and  transient  lock- 
ing iihenomena  in  polyphase  inverters  are  discussed.  The 
class  of  inverters  with  which  the  paper  deals  includes  those 
in  which  the  operating  frequency  and  (for  polyphase  in- 
verters) the  electrical  angles  between  phases  are  determined 
by  the  characteristics  of  the  inverter  transformers.  Poly- 
phase units  of  this  type  are  known  as  self-locking  inverters. 

Two  circuit  arrangements  are  presented  which  permit 
the  generation  of  pure  rectangular  voltage  waveforms  at 
arbitrary  voltage  levels  with  self-locking  inverters.  In 
addition  a simple  method  is  demonstrated  for  generating 
output  waveforms  which  are  stepped  approximations  to 
sinusoids. 

AGM  Paper  No.  27 

Research  in  Britain  on  Current  Ratings  for  Cables  and 
Overhead  Lines 

E.  E.  Hutchings,  The  Electrical  Research  Association, 

Surrey,  England 

The  basic  current  rating  formula  for  solid-type  cables 
is  given  and  it  is  shown  how  account  may  be  taken  of  tlie 
particular  features  of  high-voltage  cables  of  other  types. 

The  tliennal  resistance  external  to  the  cable  surface 
is  dependent  on  environment.  For  buried  cables  this  depends 
on  the  tliermal  resistivity  of  die  soil,  metliods  for  determin- 
ing which  are  described.  Reference  is  made  to  a system  of 
soil  classification  which  has  been  developed  for  use  by 
cable  engineers.  Details  are  given  of  investigations  into 
seasonal  variations  and  the  onset  of  runaway  conditions  due 
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to  clryitiK  of  tlic  soil  by  tlic  cable.  .Some  observations  are 
made  on  tlie  u.sc  of  special  back-fills  and  on  the  possible 
adoption  of  different  ratings  for  summer  and  winter.  For 
cables  in  ducts  similar  considerations  apply  but  the  external 
, thermal  resistance  is  more  complex  due  to  the  air  .space 
within  the  duct-way  and  the  danger  of  drying  out  is 
alleviated  beeau.se  of  the  lower  temperatures  which  occur 
in  the  soil.  The  permissible  temix;rature  of  such  cables  is 
moreover  limited  by  thermal  expansion  effects  and  it  is 
.shown  how  these  may  be  alleviated  by  attention  to  the  lay- 
out of  terminations.  The  thermal  di.ssipation  from  the  surface 
of  cables  run  in  air  is  shown  to  vary  widely  with  the  mode 
of  installation.  The  parameters  in  the  ba.sic  formula  have 
been  determined  for  some  commonly  used  arrangements, 
but  for  cables  in  buildings  and  ships  generally  it  has  been 
necessary  to  adopt  compromi.se  ratings  ba.sed  on  e.xperi- 
mcntal  results  covering  a range  of  conditions. 

It  is  .shown  that  pla.stie  insulated  cables,  unlike  other 
types,  may  sustain  rapid  damage  from  comparatively  small 
overloads  and  that  their  ratings  .should  therefore  be  related 
to  the  operating  current  of  the  fuse  or  circuit-breaker 
which  i)rotect.s  them. 

The  effects  of  .short-circuit  currents  on  cables  are  de- 
scribed an<l  criteria  established  for  short-circuit  ratings  for 
certain  types. 

Thermal  ratings  for  overhead  line  conductors  and  their 
significance  are  dealt  with  briefly  and  experimental  work 
described. 

ACM  Paper  No.  SS 

Mining  Engineer  Education 

A.  V.  Corlcll,  Head,  Mining  I^epartnient,  Queen’s  UniversUtj, 
Kingston 

A man  may  enter  mining  engineering  through  either 
a two-ycîar  course  in  a technical  .school,  more  particularly 
th(!  Provincial  Institute  of  Mining,  from  the  equivalent  of 
tirade  12  in  Ontario,  or  a four-year  course  in  a university 
after  the  e(}uivalent  of  tirade  1.3  in  Ontario.  About  one- 
third  to  one-half  of  the  entrants  enter  by  the  tecimieal 
sfhool  route.  The  two  groups  start  off  evenly  for  tra- 
d’lionally  “the  only  way  to  learn  about  mining  is  on-tbe- 
job”,  and  the  technical  school  men  who  have  worked  on  a 
narrower  program  are  as  skilled  at  the  technician  level  as 
the  young  engineer,  or  more  so.  The  young  engincc'r’s  skills 
were  IcariK'd  in  the  lower  years  at  univer.snty,  as  a small 
part  of  1 lis  training. 

The  university  student  has  spent  about  30%  of  his 
time  on  fundamental  studies  common  to  all  engineers  and 
.30%  on  cognate  subjects,  such  as  geology  and  metallurgy. 
\ot  much  of  his  time  was  .spent  on  strictly  mining  subjects. 

A mining  engineer  must  know  mon'  about  the  forces 
that  he  deals  with  in  mine  design  than  any  other  engineer 
knows  about  Ihcm,  and  they  are  more  abstruse'  than  those 
any  other  engineer  has  to  dc'al  with,  lie  must  know  the 
v.ilne  ol  his  ore.  lie  must  (h'sign  .systems  to  C'o-ordinate 
the  work  ol  men  and  machines  to  move  it.  Those  constitute 
ihe  Held  that  is  mining  engiiu'ering  and  all  are  based  on 

d. ita  that  have  varying  degrees  ol  reliabilit)'.  Mining  en- 
gineering slndenls  are  being  educated  to  interiiret  lluee 
dala.  II  industry  does  not  r('Cogni/e  the  ntilit)'  and  avail- 
ability ol  that  talent  inir  efforts  are  wasted. 

ACM  Paper  \o.  .3.3 

'I'he  l'’ii'sl  l''ivi.  Years  of  the  ()<>-operalive  Engineering 

I’rogriimine  at  the  University  of  Waterloo 

/>r.  />.  Wright,  Professor  ir  Chairman  of  the 

I h parinieni  of  (Uvil  /'.'ng/neen'ng  ù Dean  of  I'.ngineering  at 

the  Cnioersiti/  of  Waterloo.  (Ini. 

rh('  paper  lirst  ski'Iches  Ihe  history  ol  the  develop- 
nieni  ol  higher  edne.ilion  in  Waterloo,  ihe  b.iekgronnd  ol 

e. nly  lonnd.ition  ol  ehnrch  supported  Arts  eolleges,  the 
creation  ol  Ihe  associ.ile  laeullies  and  Ihe  inception  ol  the 
eo  oper.ilive  engineering  eonrse. 

,Sine<.  ihe  eo-oper.llivi.  system  is  nihqne  in  ( !.in.ld,i  .it 
W.ileiloo,  some  idi-a  is  given  ol  the  scope,  se.ile  .nid 
siginlie.mee  ol  eooper.ilive  edne.ilion  ,ind  its  p.ir.dlels  m 
ihe  U,,S.  and  U.K.  P.irlicnl.n  .iltenlion  is  gi\|.n  lo  the 
I'.dison  l''ord  Found. liions'  study  ol  eo-o|)ei .it i\ e edne.ilion 
in  ihe  Uniled  .St, lies. 


The  organization  of  the  co-operative  programme  at 
Waterloo  is  then  descTibed.  The  arrangement  of  terms,  the 
three-month  and  four-month  systems  etc.  are  all  described. 
The  unique  role  of  the  Co-ordination  Department  in  pro- 
viding formal  liaison  between  the  University  and  industry 
is  then  discussed,  along  with  other  a.spects  of  relations  with 
industry.  Some  comparisons  are  made  between  practices  in 
the  U.S.  and  U.K.  and  those  in  Canada  in  re.sirect  of  student- 
indu.stry  relations. 

The  development  and  evolution  of  undergraduate  cur- 
ricula are  then  discu.s.sed,  with  particular  respect  to  chang- 
ing a.spects  of  engineering  in  society.  Approaches  to  “de- 
sign” education  are  also  discussed. 

Tlie  rise  of  postgraduate  .stody  and  research  in  the 
University  are  touched  upon  briefly.  Some  discussion  of 
professional  graduate  .study  in  engineering  is  also  given. 

Finally,  the  paper  presents  a short  review  of  the  phy- 
sical development,  planning  and  objectives  in  building,  etc. 

The  conclusion  of  the  paper  concerns  prospects  for 
future  developments  in  Canada  in  engineering  education 
from  the  point  of  view  of  the  frame  of  experience  presented 
in  the  paper. 

ACM  Paper  No.  38 

Foundation  Failure  of  a Silo  on  Varved  Clay 
W.  /.  Eden,  m.e.i.c.  and  M.  Bozozuk,  m.e.i.c..  Research 
Officers,  Soil  Mechanics  Section,  Division  of  Building 
Research,  N.R.C.,  Ottawa 

This  paper  describes  the  collapse  of  a farm  silo  foundetl 
on  normally  consolidated  varved  clay  near  New  Liskeard, 
Cut.  The  .silo  suddenly  failed  in  July,  1961,  the  day  after 
being  filled  to  capacity.  The  .50  ft.  high  silo  was  founded  at 
a depth  of  4 ft.  on  a 22  ft.  diameter  concrete  ring  beam. 
Base  loading  was  about  one  ton  per  square  foot.  The  re- 
quired .shearing  re.sistanee  of  the  subsoil  according  to 
bearing  capacity  theory  is  compared  with  field  and  labora- 
tory measurements  of  shear  strength. 

ACM  Paper  No.  40 

Earth  Dam  on  Compressible  and  Pervious  Foundation 

C.  F.  Ripleij,  xr.E.i.c.,  President,  Ripley,  Koohn  iz  Leonoff 
Ltd.,  Vancouver,  B.C. 

D.  B.  Cami)hell,  Senior  Engineer,  Ripley,  Koohn  iz  Leonoff 
Ltd.,  Vancouver,  B.C. 

Seymour  Falls  Dam  is  a main  storage  dam  in  the  water 
supply  .system  of  the  metropolitan  area  .ser\'cd  by  the 
Creator  \’aneouver  Water  District.  'I'he  dam  is  a composite 
earth  and  concrete  structure,  designed  to  bo  built  to  an 
ultimate  bight  of  145  ft.  in  two  or  more  stages.  The  first 
stage,  88  ft.  high  was  completed  in  1960. 

I'oundation  conditions  at  the  site  presented  .several 
miusual  geotechnical  problems  in  the  design  and  constnic- 
lion  of  the  earth  fill  structures.  buried  sadley  seseral 
hnndn'd  fi'C't  di't'p  exists  below  the  pre.sent  floor  of  the 
Sc'j'moiir  Hiver  valley  at  the  damsite.  The  earlhfill  .section 
of  till'  dam  is  founded  on  the  coarse  higlib'  pers  ious  sedi- 
ments that  occuin’  llu'  buried  \alle>’.  .\n  imiserxious  I'.irtli 
blanket  ('xlending  upstream  from  the  imiiervious  eori'  of 
till'  I'arih  dam,  h.is  been  j'liiplovc'tl  to  rediiif  foundation 
imdersei'page  to  tolerate  limits.  Tongues  of  liighiv  i-oin- 
l>ri's.sibl('  organic  soil  occur  within  the  iht\  ions  found.itions 
below  the  iipslre.ini  shoulder  of  llu'  il.im  .md  the  iinivrx  ions 
blanket.  Tlic'se  si'ctions  of  the  d.iin  wa-ri'  tlierefon'  designetl 
to  withsl. 111(1  Ihe  l.irgi'  lonnd.ition  seltlenu'nis  th.it  will 
ocelli  under  the  w.iter  load  of  the  reserxoir. 
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VAPOR 

MODULÂTIC 


...the  boiler  with 
complete 
part  replacement 


Vapor  Modulatic*  water  tube  boilers 
stay  serviceable  for  a lifetime.  Parts  are 
independent . . . you  replace  one  without 
changing  others.  This  means  a boiler 
that  protects  your  investment  . . . elimi- 
nates major  repair  jobs  and  keeps  the 
Vapor  Modulatic*  in  operation  — per- 
manently! 


IHSTAHT  STEAM -AT  YOUR  FINGERTIPS 


The  Vapor  Modulatic*  responds  fast  to  the 
built-in  controls,  automatically  maintains 
the  right  supply  of  fuel  and  air.  Controls 
are  replaceable  too — for  lifetime  operation. 


Heat  release  per  unit  of  vol- 
ume in  the  combustion  cham- 
ber is  10-20  times  as  great  as 
a conventional  type  boiler. 
Oil,  gas,  or  combination 
models. 


n Z7 

V *Trade  Marks  Registered 


VJtPOP^ 


VAPOR  HEATING 


LIMITED 


3955  ÇOURTRAI  AVE. 


MONTREAL,  QUE. 


AGM  Paper  No.  46 

Kemano  Tunnel  Operation  and  Maintenanee 

J.  B.  Cooke,  Consulting  Engineer,  (Dams,  Tunnels, 
Hydroelectric  Projects) 

].  W.  Libby,  Assistant  Chief  Engineer  ir  Vice-President, 

G.  E.  Crippen  6-  Associates  Ltd.,  West  Vancouver,  B.C. 

].  T.  Madill,  Assistant  Manager,  Power  Division,  Operations 
Aluminum  Company  of  Canada  Ltd. 

This  paper  gives  the  operating  experience  and  history 
of  the  Kemano  Tunnel  from  its  in-servioe  date  of  July, 
1954,  until  the  present.  Special  tests  before  draining  in 
1961  are  described.  The  maintenance  and  repair  program 
carried  out  from  June  19  to  September  11,  1961,  is  outlined 
from  the  points  of  view  of  design,  organization  and  execu- 
tion. Finally,  operating  results  are  shown. 


AGM  Paper  No.  50  ll 
Sir  Adam  Beck  No.  2 Pumped  Storage  Reservoir  t 

Observation  of  Performance  S 

E.  M.  Taylor,  Soil  Mechanics  Engineer,  Ontario  Hydro  i 

Since  the  summer  of  1957,  a pumped  storage  reservoir  1* 
has  been  in  operation  as  part  of  the  Sir  Adam  Beck  No.  2 !| 
Development  at  Niagara  Falls.  The  behavior  of  the  reser-  i| 
voir,  exposed  to  large  daily  drawdown,  has  been  observed  (if 
closely  by  measurement  of  pore  pressures  in  the  dike’s  ji 
impervious  core  and  foundation,  by  measurement  of  seepage  w 
flow  and  by  precise  measurement  of  lateral  and  vertical  ((V 
displacements.  Valuable  experience  was  gained  in  deter-  i 
mining  the  cause  of  a local  failure  through  the  clay  core  and  l||j 
in  effecting  its  repair.  jly 

The  reservoir  was  constructed  to  utilize  water  available 
from  the  Niagara  River  under  the  terms  of  the  1950  Niagara  j'fii 
Diversion  Treaty.  The  water  is  diverted  nightly  during  the  i,4l 
off-peak  period  and  is  used  generally  for  peaking  purposes 
during  the  day.  jJ 

The  storage  reservoir  was  formed  by  the  construction  of  i 
a 3 million  cu.  yd.  earth  and  rock  fill  structure  about  five  | 
miles  in  length. 

The  dike  section  consists  of  a rock  fill  zone,  a sloping  j 
impervious  core  flanked  by  filter  layers  with  upstream  rock- 
fill  and  riprap  protection.  The  dike  was  founded  mainly  on  j 
impervious  clays  and  silts  except  for  a 3,000  ft.  length 
founded  directly  on  the  pervious  surface  layers  of  the  i 
Lockport  Dolomite  rock.  I 

Most  of  the  reservoir  area  was  sealed  adequately  with 
a natural  cover  of  impervious  soil.  Local  areas  of  shallow  i 
overburden  and  exposed  rock  required  additional  blanketing.  ( 
The  structure  was  designed  to  withstand  a drawdown  i 
of  as  much  as  25  ft.  daily.  To  observe  the  fluctuation  of  i 
pore  pressures  with  drawdown  and  thus  substantiate  the  j 
principal  design  considerations,  a system  of  piezometers  ] 
was  installed  within  the  impervious  core.  ’ 

During  the  summer  of  1958,  a local  weakness  in  the  : 
foundation  rock  precipitated  a form  of  stoping  failure  ; 
through  the  clay  core  which  necessitated  a complete  de- 
watering, excavation,  examination  and  repairs.  ( 


AGM  Paper  No.  51  i 
Red  Roek  Falls  Projeet  | 

R.  A.  Forrester,  Project  Engineer  H.E.P.C. 

Red  Rock  Falls  Generating  Station  is  a hydro-electric 
station  of  53,000  h.p.,  located  on  the  Mississagi  River,  i 
about  20  miles  northwest  of  Blind  River.  It  was  completed 
in  January,  1961,  at  a cost  of  approximately  $17  million.  j 
The  main  features  of  the  project  are  the  concrete  i 

gravity  dam,  sluiceways,  log  chute,  intake  and  powerhouse  ) 
containing  two  turbine  generator  units.  Novel  features  are  | 
the  electric  governor,  the  spillway  ski-jump  energy  dissi-  i 
pators  and  the  remote  control  eciuipment.  i| 

This  paper  will  deal  with  engineering  and  construction 
aspects,  covering  such  items  as  site  description,  geology,  ! 
hydrology,  project  layout,  equipment  installation,  unit  1 
capacity,  design  highlights,  construction  progress  and  pro- 
ject organization. 
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AGM  Paper  No.  52 
I’onvai'd  Planning  Studies  Involving  the  Economic  Full 
"upply  Level  of  Manitoba  Hydro’s  Grand  Rapids 
Generating  Station 

p.  A.  Bateman,  m.e.i.c..  Director  of  Production,  Manitoba 
hjdro 

i.  Renger,  m.e.i.c..  Costing  and  Control  Supervisor, 
danitoba  Hydro 

This  paper  will  endeavor  to  outline  some  of  the  funda- 
nental  considerations  underlying  the  choice  of  the  full 
upply  level  for  the  Grand  Rapids  Development  and  show 
he  e.xtensive  nature  of  the  work  involved  in  reaching  a 
,-onclusion  in  this  connection.  The  paper  deals  witli  a 
emulation  study  of  the  Manitoba  Hydro  Integrated  Hydro- 
rhermal  System  in  conjunction  with  the  Grand  Rapids  and 
Upper  Nelson  River  Sites  Developments  through  a period 
■'rom  1967  tlirough  1975.  The  paper  anticipates  the  effects 
jyf  regulation  on  one  of  the  largest  natural  water  bodies  in 
Canada— Lake  Winnipeg. 

AGM  Paper  No.  61 

The  Alignment  of  Large  Diesel  Engines 

R.  A.  E.  Stenberg,  m.e.i.c..  Project  Engineer,  B.  C.  Power 

Commission 

The  B.C.  Power  Commission  in  1957  installed  eleven 
3,000  kw.  generating  sets,  the  prime  movers  of  which  were 
Cooper-Bessemer  LSV-16  gas-diesel  engines,  at  Quesnel, 
Prince  George  and  Dawson  Creek.  These  units  were 
mounted  on  flat  concrete  bases  and  were  grouted  in  a 
I conventional  manner  using  grout  containing  non-shrink 
I additives  containing  iron  particles  and  some  calcium 
I chloride. 

In  February,  1959,  a crankshaft  broke  on  No.  4 unit 
I at  Prince  George.  The  breakage  was  a fatigue  failure 
I originating  at  a forging  flaw,  but  because  difficulty  had 
I been  encountered  in  maintaining  alignment  of  the  engines, 
i it  was  felt  that  a mis-alignment  had  accelerated  the  failure. 

; The  failure  of  the  crankshaft  precipitated  the  decision 
! to  investigate  the  problem  of  recurring  mis-alignment  of 
the  engines.  This  paper  gives  a brief  history  of  the 
1 problem,  the  theory  of  the  cause,  the  method  of  investi- 
jgation  to  prove  the  theory,  solutions  investigated  to  solve 
he  problem,  solution  cliosen,  execution  of  tlie  solution  and 
! the  results  obtained. 

I 

j AGM  Paper  No.  63 

I Convective  Heat  Transfer  from  a Helical  Fin  Tube  in 
I Longitudinal  Flow 

I R.  E.  Chant,  Professor  and  Head,  Department  of 
Mechanical  Engineering,  University  of  Manitoba 

Established  procedures  and  data  for  design  involving 
convective  heat  transfer  are  not  available  for  otlier  than 
the  most  elementary  components  and  geometric  configura- 
tions. A design  project  for  heat  transfer  equipment  of  any 
complexity  becomes  a development  project,  often  consisting 
of  collecting  suitable  data  as  well  as  prototype  testing. 

The  tests  were  undertaken  to  investigate  the  effect  of 
the  fin  efficiency  on  tire  convective  heat  transfer  coefficient, 
to  attempt  to  establish  a representaive  equivalent  diameter 
and  to  provide  additional  data  for  longitudinal  flow  over  a 
helical  fin  tube.  The  tests  consisted  of  increasing  tlie  outside 
diameter  of  an  annulus  enclosing  a heated  helical  finned 
tube  in  each  of  four  tests.  Air  was  forced  over  the  finned 
element  and  data  permitting  the  study  of  tlie  convective 
heat  transfer  and  the  friction  losses  collected. 

The  geometric  configuration  of  the  finned  element 
tested  was  such  that  the  flow  took  place  in  the  spaces 
between  the  fins  as  well  as  in  the  annulus  beyond  the  tip 
of  the  fins.  This  led  to  the  conclusion  that  the  normal  pro- 
cedure of  using  the  equivalent  diameter  derived  from  the 
annular  flow  area  beyond  the  tip  of  the  fins  could  not  be 
universally  used.  Whereas  an  equivalent  diameter  determin- 
ed from  the  total  free  cross-sectional  area  was  satisfactory 
for  all  cases.  It  was  further  concluded  that  the  use  of  the  fiu 
efficiency  in  determining  the  heat  transfer  coefficient  facili- 
tated the  correlation  of  the  results  by  the  normal  type  of 
expression  for  flow  in  enclosed  passages. 

The  heat  transfer  data  obtained  was  compared  to 
existing  work  and  an  expression  representing  tlio  combined 
correlation  is  included. 


r 1 

What 
types  of 
businesses 
does  IDB 
help 
finance? 


Manufacturing  and  commercial  businesses  . . . 
wholesale  and  retail  trade  . . . primary  and  second- 
ary industry  . . . tourist,  recreational  and  service 
businesses  . . . construction  trades  . . . professional 
services  . . . transportation  . . . these  and  other 
types  of  businesses  can  obtain  financing  for 
various  purposes  from  the  Industrial  Develop- 
ment Bank. 

If  you  are  engaged  in  a business,  or  plan  to  start 
one,  and  required  financing  is  not  available  else- 
where on  reasonable  terms  and  conditions,  you 
are  invited  to  visit  an  I.D.B.  office,  write  for  a 
descriptive  booklet,  or  consult  your  auditor, 
lawyer  or  chartered  banker  for  information  re- 
garding IDB  services. 


INDUSTRIAL  DEVELOPMENT  BANK 

Regional  Offices:  ST.  JOHN’S,  Nfid.  • HALIFAX,  N.S.  • SAINT  JOHN, 
N.B.  • QUEBEC,  MONTREAL,  P.Q.  • OTTAWA,  TORONTO,  HAMILTON, 
LONDON,  SUDBURY,  PORT  ARTHUR,  Ont.  • WINNIPEG,  Man.  • REGINA, 
SASKATOON,  Sask.  • CALGARY,  EDMONTON,  Alta.  • VANCOUVER,  B.C. 
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Meeting  of  Executive  Committee 

The  Executive  Committee  of  die  In- 
stitute met  in  Montreal  on  Saturday, 
March  10,  1962.  President  Ballard  was 
Chairman  of  the  meeting  attended  by  12 
Councillors.  Following  are  highlights  of 
die  deliberations. 

Finance 

Considerable  interest  was  expressed  in 
possible  ways  of  obtaining  more  reasons 
for  resigning  from  those  members  who 
choose  to  resign  from  the  In,stitute.  The 
co-operadon  of  Branch  Memliership  Com- 
mittees will  be  helpful. 

The  meeting  authorized  the  employ- 
ment of  a con,sultant  to  assist  in  the  in- 
stallation of  and  change-over  to  electronic 
data  processing  equipment. 

Plans  were  made  for  continuing  ap- 
propriate publicity  of  the  need  for  in- 
creased membership  fees. 

Confederation 

Dr.  Ballard  reported  that  a copy  of 
tlie  statement  on  Confederation  issued  by 
the  E.I.C.  Council  on  February  .3,  1962, 
had  been  sent  to  the  President  of  the 
C.C.P.E.  Further  discussions  with  the 
C.C.P.E.  have  not  yet  been  held. 

Plans  are  well  advanced  for  a meeting 
with  other  Canadian  learned  technical 
societies  to  discuss  the  possibility  of 
forming  a Technical  Societies  Joint 
Council. 

Membership  Lists 

Mimeographed  Branch  Membership 
Lists  were  distributed  to  all  Branches  in 
early  March.  Complete  lists  were  also 
distributed  to  senior  officers,  committee 
chairman.  These  lists  are  a first  attempt 
to  indicate  the  field  of  technical  interest 
of  the  membership.  While  incomplete, 
and  witli  some  inaccuracies,  tliey  are 
considered  an  excellent  beginning  for  a 
regular  publication  of  this  information, 
which  will  be  made  possible  with  the 
electronic  data  processing  equipment. 

Committee  on  Research 

A Committee  on  Research  was  con- 
stituted to  function  as  a Division  of  the 
Committee  on  Technical  Operations.  The 
committee’s  basic  responsibility  is  to  con- 
tinously  alert  the  engineering  profession 
to  activities  in  research  circles  and  its 
.significance  for  the  profession  and  the 
public.  The  end  objective  is  the  secur- 
ing of  maximum  acceptance  by  engineers 
of  the  vital  part  research  can  play  in 
the  economic  development  of  our 
country. 


It  is  envisaged  that  the  Committee 
on  Research  will  function  along  two 
lines.  Firstly,  it  should  continously 
evaluate  and  determine  the  area  of  en- 
gineering technology  werein  specific  re- 
search is  desirable  and  draw  such 
specific  research  need  to  the  attention 
of  appropriate  research  agencies. 
Secondly,  the  Committee  should  feed 
back  to  the  engineering  profession  in- 
formation on  progress  in  research  along 
the  lines  noted,  as  well  as  other  research 
activities  of  interest. 

Committee  on  Planning 
for  the  Future 

Following  Council’s  discussion  of  the 
“Future  of  the  E.I.C.”  at  its  February 
3rd  meeting,  a Committee  on  Planning 
for  the  Future  was  constituted,  with 
Dr.  G.  McK.  Dick  as  Chairman. 

Committee  on  Institute 
Building  Program 

A Committee  on  Institute  Building 
Program  was  con.stituted  to  review  cur- 
rent and  future  Ins'titute  needs  for  suit- 
able headquarters  facilities,  located  in 
the  City  of  Montreal. 

The  function  of  this  committee  will 
be  to  review  existing  Headquarters 
premises,  and  determine  if  they  can  be 
adapated  to  meet  the  needs  outlined 
above,  and  the  capital  and  operating 
costs  of  such  adapted  premises.  It  will 
review  the  capital  and  operating  costs 
of  suitable  Headquarters  premises  and 
will  propose  ways  and  means  of  financ- 
ing such  premises. 

The  Committee  will  also  review  the 
possibility  of  providing  for  future  In- 
stitute needs  for  suitable  Headquarters 
facilities  in  leased  premises  under  a 
long  term  lease,  and  the  capital  and 
operating  costs  of  such  leased  premises; 
and  will  engage  consulting  services,  sub- 
ject to  submission  to,  and  approval  by, 
the  Finance  Committee  and  Council. 

Management 

The  meeting  received  and  considered 
proposals  for  a reviewed  metliod  of 
operation  of  the  Council  in  the  man- 
agement of  Institute  affairs.  These  sug- 
gestions were  turned  over  to  the  Com- 
mittee on  Planning  for  the  Future  for 
study  and  report  within  six  months. 

Technical  Operations 

A new  Welding  Technical  Division 
and  a new  Thermal  Technical  Division 
were  formed  and  appropriate  action  to 
constitute  these  technical  divisions  was 
instituted. 


Emergency  Measures  Organization 

The  General  Secretary  reported  Üiat  ! 
the  name  of  the  Engineering  Advisory 
Committee  has  now  been  changed  to 
Technical  Advisory  Committee.  The  15 
candidates  to  represent  the  E.I.C.  at  the  I 
Orientation  Course  for  Engineers  and  ! 
Architects  at  the  Civil  Defence  College, 
Arnprior,  Ont.,  April  30  to  May  4,  1962, 
had  been  selected. 


Coming  Events 

Chemical  Institute  of  Canada,  45tli 
National  Conference.  Edmonton,  Alta. 
May  27-31. 

Canadian  AeronauHoal  Institute.  Annual 
General  Meeting.  Montreal,  May  28- 
29. 

American  Society  of  Mechanical  Engi- 
neers. Summer  Annual  Meeting.  Que- 
bec City,  June  10-14. 


Engineering  Institute  of  Canada.  76th 
Annual  General  Meeting.  Montreal, 
June  12-1.5. 

American  Society  of  Agricultural  Engi- 
neers. Annual  Meeting.  Washington, 
D.C.  June  17-20. 


American  Institute  of  Electrical  Engi- 
neers. Summer  General  Meeting. 
Denver,  Col.  June  18-22. 

European  Federation  of  Chemical  En- 
gineers. Chemical  and  Petroleum  En- 
gineering Exhibition.  Olympia  Lon- 
don, England,  June  20-30. 

American  Society  for  Testing  Materials. 
65th  Annual  Meeting.  New  York. 
June  24-29. 

American  Society  of  Heating,  Refriger- 
ating and  Air-Conditioning  Engineers. 
69th  Annual  Meeting.  Miami.  June 
25-27. 


American  Society  of  Mechanical  Engi- 
neers, American  Institute  of  Chemical 
Engineers.  Fifth  National  Conference 
on  Heat  Transfer.  Houston,  Texas,  jf 
Aug.  5-8. 

American  Institute  of  Electrical  Engi-  ^ 
neers.  Pacific  General  Meeting.  San; 
Francisco.  Aug.  12-17. 
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How  to  specify  roll-forged  flanges  without 
really  trying  (and  get  ’em  within  14  days) 


i 


Our  new  ordering  kit  provides  you  with  a con- 
venient, fool-proof  way  to  specify  any  flange  you 
need.  Flanges  are  available  in  straight  carbon, 
alloy  ferritic  steels,  and  many  austenitic  steels.  All 
are  made  according  to  strict  ASTM  specifications. 
Best  of  all,  we  ship  any  flange  you  need  up  to  80" 


diameter  and  10"  face  within  14  days  from  the  time 
you  order  . . . only  Canforge  makes  them  in 
Canada.  Not  only  save  time  but  also  duty  and  ex- 
change. We’ll  be  glad  to  send  you  an  ordering  kit. 
Your  request  for  it,  quotations,  or  more  informa- 
tion, will  receive  our  immediate  attention.  Write: 


CANADA  FOUNDRIES  & FORGINGS  LTD. 


WELLAND,  ONTARIO 
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The  Engineering  Institute  of  Canada 
NOTICE  OF  BY-LAW  AMENDMENTS 


Council  has  made  the  follotving  proposed  amendments  to  the  By-Laws  of  the  Engineering  Institute 
of  Canada  and  has  directed  that  they  be  mailed  to  the  corporate  members  of  the  Engineering  Institute 
of  Canada  in  the  May,  1962,  issue  of  the  Engineering  Journal,  to  satisfy  the  requirements  of  Section  80 

of  the  By-Laws. 


Garnet  T.  Page,  m.e.i.c. 


General  Secretary 


SECTION 
20.  Entrance 
Fees 


PROPOSED  BY-LAW  CHANGES -1962 

Engineering  Institute  of  Canada 

PRESENT  WORDING  PROPOSED  WORDING 

The  entrance  fees,  payable  at  the  time  of  The  entrance  fees,  payable  at  the  time  of 
application  for  admission  to  the  Institute,  admission  to  the  Institute,  shall  be  as 
shall  be  as  follows:  follows: 


21.  Annual 
Fees 

(Proposed 

Heading) 


Annual  fees  shall  be  due  and  payable  on 
the  first  day  of  January  for  the  calendar 
year  then  commencing,  at  which  time  a bill 
for  the  sum  shall  be  mailed  to  each  mem- 
ber, in  accordance  with  the  following 
schedule  of  feés: 


Same 


Branch 


Montreal 

All  Other 

Branch  Non- 

Non-Residents 

Branch 

Branch 

Residents  and 

All  Branch 

and 

Members 

Residents 

Residents 

Non-Residents 

Residents 

Non-Residents 

Associate 

Members 

$20.00 

$18.00 

$16.00 

$24.00 

Fellows 

$22.00 

Students 

9.00 

7.00 

6.00 

Members 

Affiliates 

2.00 

2.00 

2.00 

24.00 

22.00 

21.00 

19.00 

17.00 

Associate  Members 

14.00 

Students 

12.00 

3.00 

Affiliates 

3.00 

25.00 

23.00 

Honorary  Members  shall  be  exempt  from 

annual  fees.  Same 


37.  Election 
of 

Nominating 

Committee 


The  nomination  of  officers  of  the  Institute 
shall  be  made  by  a Nominating  Committee. 
The  honorary  councillors  shall  be  ex-officio 
members  of  this  committee.  The  remaining 
members,  who  shall  not  be  officers  of  the 
Institute,  shall  be  elected  annually  as  fol- 
lows: Each  branch  shall  appoint  one  mem- 
ber, an  additional  member  appointed  by 
the  Council  shall  be  chairman  of  the  com- 
mittee. The  membership  of  the  committee 
shall  be  announced  at  the  Annual  General 
Meeting. 


The  nomination  of  officers  of  the  Institute 
shall  be  made  by  a Nominating  Committee 
composed  of: 

(A)  A representative  from  each  branch, 
elected  annually  by  the  branch. 

(B)  A representative  from  each  zone  ap- 
pointed by  Council  from  members  of 
Council  serving  the  final  year  of  a tour 
of  duty  as  a Councillor. 


NOTES 

1 


2 
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(C)  Honorary  Councillors. 

Categories  (B)  and  (C)  shall  be  concerned 
only  with  Presidential  nominees. 

Annually,  Council  shall  appoint  a Com- 
mittee member  from  Category  (B)  to  act 
as  Vice-Chairman  of  the  Nominating  Com- 
mittee for  one  year  and  as  Chairman  of 
the  Nominating  Committee  for  the  follow- 
ing year,  even  though  he  may  not  be  a 
Councillor  during  his  second  year  of  office. 
Such  appointments  shall  be  on  a zone-rota- 
tion basis. 

The  membership  of  the  Committee  shall  be 
announced  at  the  Annual  General  Meeting. 

Vacancies  in  the  Nominating  Committee  as 
announced  at  the  Annual  General  Meeting 

shall  be  filled  by  Council  from  the  nomina-  Same 

tion  or  nominations  submitted  by  the  branch 
in  which  the  vacancies  occur. 


38.  Meetings  The  Nominating  Committee  shall  meet  not 

of  later  than  the  first  of  August  to  nominate  Delete 

Nominating  officers  for  the  ensuing  year. 

Committee 

Three  members  shall  constitute  a quorum, 

and  members  unable  to  be  present  may  Delete 

vote  by  letter. 


3 


39.  List  of 
Nominees 
for 

Officers 


The  Nominating  Committee  shall  prepare  a 
list  of  nominees  for  officers,  which  shall 
contain  the  names  of  one  or  more  nominees 
for  each  office  to  be  filled,  with  the  excep- 
tion of  that  of  president,  for  which  only 
one  name  may  be  submitted. 

A vice-president  shall  be  elected  by  vote 
of  the  corporate  members  resident  within 
the  zone  for  which  he  is  a candidate.  One 
vice-president  each  shall  be  elected  from 
Zones  A and  D and  two  vice-presidents 
each  from  Zones  B and  C.  One  of  the  vice- 
presidents  for  Zone  C must  be  resident 
within  twenty-five  miles  of  the  headquarters 
of  the  Institute. 


Same 


A vice-president  shall  be  elected  by  vote 
of  the  corporate  members  resident  within 
the  zone  for  which  he  is  a candidate.  Two 
vice-presidents  shall  be  elected  from  Zone 
A,  three  from  Zone  B,  two  from  Zone  C and 
one  from  Zone  D.  One  of  the  vice-presi- 
dents for  Zone  C must  be  resident  within 
twenty-five  miles  of  the  headquarters  of 
the  Institute. 


A councillor  shall  be  elected  by  vote  of 

the  corporate  members  resident  within  the  Same 

branch  district  for  which  he  is  a candidate. 


The  list  of  nominees  for  officers  shall  be 
forwarded  by  the  Nominating  Committee 
to  reach  headquarters  not  later  than  the 
fifteenth  day  of  September,  for  presenta- 
tion to  Council  at  a meeting  to  be  held 
not  later  than  the  thirtieth  day  of  Septem- 
ber, and  should  be  accompanied  by  a letter 
of  acceptance  of  nomination  from  each 
nominee. 


Before  August  1st,  the  General  Sécrétai)' 
shall  prepare  an  initial  letter  to  the  mem- 
bers of  the  Nominating  Committee,  notify- 
ing them  of  the  vacancies  to  be  filled  and 
nominations  required. 

Branch  representatives  shall  submit,  b\' 
September  30th,  direct  to  the  Chairman  of 
the  Nominating  Committee,  nominations  for 
Vhce-Presidents  and  Councillors,  together 
with  letters  of  acceptance. 
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The  Council  shall  examine  the  list  of 
nominees  for  officers  submitted  by  the 
Nominating  Committee.  If  the  Council  find 
a nominee  ineligible  for  the  office  for  which 
he  is  nominated,  or  should  the  consent  in 
writing  of  a nominee  to  appear  on  the  list 
of  nominees  for  officers  not  be  furnished 
before  the  first  meeting  of  Council  in  Octo- 
ber, or  should  any  nominee  after  such  con- 
sent withdraw  his  name,  such  name  shall 
be  deleted,  and,  if  necessary,  the  Council 
shall  substitute  another  name  therefor.  The 
words  “Proposed  by  Nominating  Com- 
mittee” and  “Proposed  by  Council”  shall 
be  printed  conspicuously  on  the  list  of 
nominees  for  officers,  to  indicate  the  man- 
ner of  nomination  of  all  nominees. 


Branch  representatives  shall  submit,  by 
September  15th,  to  their  zone  representa- 
tive, nominations  for  President. 

Zone  representatives  shall  ensure  that  at 
least  one,  and  preferably  two  or  more, 
nominations  for  President  (with  biographies 
and  branch  affiliations),  go  forward  from 
their  zones,  by  October  15th,  to  the  Chair- 
man of  the  Nominating  Committee. 

The  Chairman  of  the  Nominating  Com- 
mittee shall  immediately  send  a list  of  all 
Presidential  nominees  (with  biographies  and 
branch  affiliations)  to  the  members  of  the 
Nominating  Committee  in  Categories  (B) 
and  (C)  and,  at  the  same  time,  establish 
the  order  in  which  the  Presidential  nomi- 
nees should  be  approached. 


The  Nominating  Committee  shall  submit  to 
Council,  for  examination,  the  list  of  nomi- 
nees for  officers.  If  Council  finds  a nominee 
ineligible  for  the  office  for  which  he  is 
nominated,  or  should  the  consent  in  writing 
of  a nominee  to  appear  on  the  list  of 
nominations  for  officers  not  be  furnished 
before  the  meeting  of  Council  in  December, 
or  should  any  nominee,  after  such  consent, 
withdraw  his  name,  such  name  shall  be  de- 
leted and,  if  necessary.  Council  shall  sub- 
stitute another  name  therefor.  The  words 
“Proposed  by  Nominating  Committee”  and 
“Proposed  by  Council”  shall  be  printed 
conspicuously  on  the  list  of  nominees  for 
officers,  to  indicate  the  manner  of  nomina- 
tion of  all  nominees. 


40.  Publication 
of 

Nominations 


Not  later  than  the  seventh  day  of  Novem- 
ber, the  secretary  shall  mail  to  each  corp- 
orate member  of  the  Institute,  the  list  of 
nominees  for  officers,  as  prepared  by  the 
Nominating  Committee  and  the  Council. 


The  list  of  nominees  for  officers  shall  be 
published  in  the  Journal  of  the  Institute 
not  later  than  the  January  issue,  preceding 
the  Annual  General  Meeting. 


41.  Additional 
Nominations 


Additional  nominations  for  the  list  of 
nominees  for  officers  signed  by  ten  or  more 
corporate  members  and  accompanied  by 
written  acceptance  of  those  nominated,  if 
received  by  the  general  secretary  on  or 
before  the  first  day  of  December,  shall  be 
accepted  by  the  Council  and  shall  be  placed 
on  the  officers’  ballot.  The  words  “Special 
Nomination”  shall  be  printed  conspicuously 
near  such  names,  and  the  names  of  the 
members  making  such  nominations  shall  be 
printed  on  some  part  of  the  officers’  ballot. 


Additional  nominations  for  the  list  of  nomi- 
nees for  officers  may  be  accepted  from 
corporate  members  prior  to  the  first  day  of 
March.  Such  additional  nominations  shall 
be  signed  by  ten  or  more  corporate  mem- 
bers, and  be  accompanied  by  the  written 
acceptance  of  those  nominated.  These  ad- 
ditional nominations  shall  be  sent  direct  to 
the  General  Secretary,  considered  by  Coun- 
cil, and,  if  accepted,  placed  on  the  officers’ 
ballot.  The  words  “Special  Nomination” 
shall  be  printed  conspicuously  near  such 
names,  and  the  names  of  the  members  mak- 
ing such  nominations  shall  be  printed  on 
some  part  of  the  officers’  ballot. 
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! 42.  Officers’ 
Ballot 


A ballot  form,  prepared  in  accordance  with 
the  list  and  additional  nominations  (if  any) 
shall  be  mailed  to  corporate  members  at 
least  thirty  days  before  the  Annual  Gen- 
eral Meeting  (except  as  noted  in  the  last 
clause  of  this  section),  and  shall  state  the 
name  and  residence  of  each  nominee,  his 
class  of  membership  and  the  zone  or  branch 
district  in  which  he  resides.  The  names  of 
the  nominees  for  each  office  shall  be 
arranged  alphabetically  by  zones  and 
branches. 

Voters  may  strike  out  names  from  this 
officers’  ballot  and  may  substitute  other 
names  therefor  but  the  number  of  votes 
ca.st  for  each  office  must  not  exceed  the 
number  to  be  elected  to  such  office.  In 
voting  for  councillors,  each  voter  shall  vote 
for  the  councillor  to  be  elected  from  his  own 
branch.  Directions  in  accordance  with  the 
above  provisions  shall  be  printed  conspicu- 
ously on  the  officers’  ballot  and  any  vote 
which  does  not  comply  with  them  shall  be 
rejected. 

In  the  event  of  only  one  name  being  sub- 
mitted for  any  office  prior  to  December  1st, 
Council  shall  declare  that  nominee  elected 
by  acclamation. 


Same 


Same 


In  the  event  of  only  one  name  being  sub- 
mitted for  any  office  prior  to  the  first  day 
of  March,  Council  shall  declare  that  nomi- 
nee elected  by  acclamation. 
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45.  Appointment 
of 

General 

Secretary, 

Treasurer 

and 

Committees 


The  Council  shall  meet  within  seven  days 
after  its  election  and  shall  then  appoint  the 
general  secretary,  the  treasurer,  and  the 
following  standing  committees. 


New  first  23aragraph  — 

There  shall  be  an  Executive  Committee  of 
the  Council  which  shall  be  composed  of 
the  President,  the  Vice-Presidents,  the  Im- 
mediate Past  President,  the  Treasurer,  and 
the  Chairman  of  such  Standing  Committees 
as  shall  be  determined  from  time  to  time 
by  Council.  Five  members  of  the  Executive 
Committee  shall  constitute  a quorum.  Mem- 
bers of  Council  not  included  above  are  in- 
vited to  attend  meetings  of  tlie  Executive 
Committee  and  to  offer  opinions,  but  will 
not  vote.  The  Executive  Committee  shall 
meet  at  least  seven  times  during  the  In- 
stitute’s year. 


A Finance  Committee  of  five  members, 
including  the  treasurer.  The  treasurer 
shall  be  ex-officio  vice-chairman  of  the 

Finance  Committee.  Same 

A Library  and  House  Committee  of  five 
members. 
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A Committee  on  Technical  Operations  of 
at  least  six  members. 


A Publications  Committee  of  five  mem- 
bers. 

A Legislation  Committee  of  three  mem- 
bers. 
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An  Admissions  Committee  of  at  least  five 
members,  three  to  constitute  a quorum. 


A Committee  on  Membership  of  at  least 
six  members. 

A Committee  on  Branch  Operations  of 
at  least  six  members. 


The  chairman  of  each  standing  committee  The  chairman  of  each  standing  committee 
shall  be  a member  of  the  Council.  shall  be  ex  officio  a member  of  the  Council. 

Standing  committees  shall  perform  their 

duties  under  the  supervision  of  the  Council,  Same 

and  shall  report  to  the  Council. 


55.  Meetings  Council  shall  meet  at  least  once  every  two  Council  shall  meet  at  least  three  times  dur-  5 

of  Council  months,  from  October  to  May.  Additional  ing  the  Institute’s  year  to  conduct  such 

meetings  that  may  be  deemed  necessary  to  business  as  may  come  before  it,  and  to  re- 
conduct properly  the  business  of  the  In-  view  the  actions  of  the  Executive  Com- 
stitute  shall  be  held  at  the  call  of  the  mittee. 
president. 

Ordinary  meetings  of  Council  shall  be  held 
immediately  before  the  Annual  General 
Meeting,  immediately  after  the  Annual 
General  Meeting,  and  on  another  date  dur- 
ing the  year,  at  the  call  of  the  President. 

Extraordinary  meetings  may  be  held  at  any 
time  at  the  call  of  the  President,  or  on  the 
written  request  of  ten  councillors  addressed 
to  the  General  Secretary.  He  shall  give 
seven  days’  notice,  and  shall  arrange  that 
the  notice  be  accompanied  by  an  agenda 
and  necessary  documentation. 

Five  members  shall  constitute  a quorum.  Same 


79.  New  By- 
Laws  — 
Amendments 
— Repeal 

(Second 
para.  — 
Second 
sentence) 


The  general  secretary  shall  issue  the  letter 
ballot  not  later  than  two  months  after  the 
Annual  General  Meeting. 


The  General  Secretary  shall  issue  the  letter 
ballot  not  later  than  six  months  after  the 
Annual  General  Meeting. 
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NOTES  TO  MEMBERSHIP 


1.  The  present  requirement  that  entrance  tees  be  submitted  with  an  application  is  rather  awkward.  Reference  : Execu- 
tive Committee  Meeting,  August  18/61  — Minute  61/595. 

2.  This  matter  has  been  under  consideration  for  some  time,  and  was  included  in  the  proposed  amendments  last  year. 
Under  Minute  61/678  of  the  Council  Meeting  on  September  23,  1961,  the  Chairman  of  the  Finance  Committee 
reported  that  the  membership  had  not  accepted  the  proposal  to  increase  fees.  During  the  discussion,  it  was 
pointed  out  that  Council  might  have  better  prepared  the  membership  for  this  increase,  but  that  this  was  impos- 
sible because  of  the  By-law  requirement  for  ballots  to  be  mailed  witbin  60  days  of  the  Annual  Meeting. 

3.  The  procedure  in  the  present  By-laws  for  the  Nomination  and  Election  of  Officers  is  difficult  to  follow.  A spec- 
ial committee  appointed  by  Council  studied  the  procedure  and  reported  to  the  Executive  Committee  Meeting 
of  August  18,  1961. 

After  approval  by  Council,  these  By-law  changes  are  based  on  the  report  of  the  Commitee  — Minute  61/768. 

4.  The  membership  of  Council  is  so  large  (91  members)  as  to  be  difficult  to  assemble  and  slow  in  executive  action. 
Rather  than  disturb  the  function  of  the  Council  in  providing  a means  for  communication  both  ways  between 
each  branch  and  Council,  while  at  the  same  time  speeding  up  the  handling  of  many  items  of  Institute  business, 
an  Executive  Committee  of  Council  has  been  in  operation  on  a trial  basis  since  the  formation  of  the  1960  Council. 
This  action  was  taken  by  resolution  of  Council.  Minute  61/780  required  the  By-law  Committee  to  prepare  ap- 

: propriate  amendments  to  provide  for  appointment  of  the  Executive  Committee  along  the  lines  established  during 

the  trial  period. 

! 5.  With  the  appointment  of  the  Executive  Committee,  it  is  not  necessary  for  the  Council  to  meet  as  frequently  as 
was  the  former  practice. 

I 

6.  The  present  By-law  does  not  allow  time  for  explanation,  through  branch  meetings,  of  tire  circumstances  and  back- 
ground of  letter  ballots.  Minutes  61/678  and  61/679 — Council  Meeting  of  September  23,  1961. 


I 

i 

i 

i 


I 

( 


i 


THE  ENGINEERING  JOURNAL  MAY,  1962 


83 


FREDERIC  LEWIS  LAWTOJN 


President 

The  Engineering  Institute  of  Canada 

1962-1963 


FRED  LAWTON  is  an  “impatient”  engineer. 

He  doesn’t  demand  perfection,  but  he  becomes  impatient  with  less  than  all-out  effort;  he 
is  far  from  tranquil  when  someone  suggests  a devious  approach  to  a problem  rather  than  the 
direct  approach;  more  than  anything  else  he  seems  impatient  with  the  24-hour  day,  the  seven- 
day  week. 

Making  one  day  do  the  work  of  two  is  a long-time  habit  with  the  1962-63  President  of 
the  Engineering  Institute  of  Canada. 

T TE  was  horn  in  London,  England,  on  December  14,  1900,  and  was  brought  to  Canada  by  his 
^ parents  as  a youngster.  After  moving  from  Alliston,  Ont.,  to  near  Cookstown  where  Lawton 
attended  Cookstown  Continuation  School  the  family  moved  on  again  to  Toronto. 

During  one  year  Lawton  worked  as  a cub  reporter  for  the  Toronto  Telegram.  The  work- 
ing of  the  presses  fascinated  him,  and  he  still  feels  he  has  a drop  of  printer’s  ink  in  his  veins. 

An  instructor  at  a night  technical  school  in  Toronto  advised  the  young  student  to  start 
charting  his  course.  As  his  inclination  was  towards  engineering  this  meant  more  work  on  mathe- 
matics. One  day  had  to  do  the  work  of  two  but  eventually,  after  working  days  for  the  Toronto 
Street  Railway  and  nights  attending  classes  at  Jarvis  Street  Night  High  School,  he  graduated  in 
Honour  Mathematics. 

T N 1923,  Lawton  graduated  from  the  University  of  Toronto,  having  earned  his  B.A.Sc.  in  Electrical 
Engineering,  with  Honours.  During  two  of  his  summers  while  attending  university  he  worked 
in  the  gold  mines  of  the  Timmins  area. 

After  graduation  he  joined  the  Test  Course  and  took  an  advanced  engineering  course  at 
the  General  Electric  Company  in  Schenectady,  N.Y.,  where  he  gained  first-hand  knowledge  of 
such  things  as  industrial  control,  large  and  small  motors  and  generators.  During  the  latter  part  of 
his  work  there  he  was  in  charge  of  large-scale  shop  tests  designed  to  substantiate  theories  underly- 
ing long-distance  transmission-system  static  and  transient  stability. 
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T N DECEMBER,  1925,  Lawton  joined  the  Quebec  Development  Company  as  an  assistant  electrical 
engineer  at  the  Isle  Maligne  project.  From  that  point  he  progressed  steadily  through  Duke- 
Price  Power  Company,  Limited  (later  Saguenay  Power  Limited),  Aluminium  Company  of  Can- 
ada, Limited,  and  since  1948,  with  Aluminium  Laboratories  Limited,  which  is  the  research  and 
development  subsidiary  of  Aluminium  Limited. 

As  Head  of  the  Power  Division  for  Aluminium  Laboratories,  and  later  as  Vice-President, 
Lawton’s  duties  include  responsibility  for  hydroelectric  and  other  power  investigations,  estimates 
for  development  in  the  Americas,  Europe,  Africa  and  Asia,  and  consulting  services  in  the  power 
field  for  Aluminium  Limited  subsidiaries. 

SINCE  APRIL,  1957,  Lawton  has  been  a Director  of  Saguenay  Transmission  Company,  Limited, 
and  of  Saguenay  Power  Company,  Limited. 

His  work  keeps  him  travelling  and  there  are  few  major  countries,  including  Russia, 
which  he  has  not  yet  visited.  His  travels  help  him  accommodate  one  of  his  hobbies — ^photography. 

TN  1927  he  married  Viola  Dubé,  and  they  have  four  sons  and  two  daughters.  None  of  the  other 
members  of  this  bilingual  household  is  an  engineer,  although  Lawton  still  has  hopes  that  at 
least  two  of  his  sons  will  follow  in  his  footsteps. 

Thus  far  in  his  career  he  has  presented  about  40  major  papers.  He  is  a member  of 
numerous  important  international  societies,  and  it  concerns  him  that  Canadian  engineers  often 
are  accepted  for  their  excellence  more  readily  in  foreign  countries  than  in  Canada. 

T AWTON’S  first  major  responsibility  within  the  Institute  came  in  1937  when  he  was  chosen 
Chairman  of  the  Saguenay  Branch.  Since  that  time  he  has  also  served  as  Montreal  Branch  Chair- 
man, Councillor,  Chairman  of  the  Committee  on  Technical  Operations,  Vice-President  for  the 
Province  of  Quebec,  Chairman  of  the  Finance  Committee,  and  Chairman  of  the  Committee  on 
Branch  Operations. 

TNURING  his  career  as  an  engineer  he  has  given  thought  to  a great  many  facets  of  the  pro- 
fession.  Following  are  his  observations  on  a few  of  them. 

Longer  Engineering  Courses — “A  bard-working  student  can  accomplish  plenty  in  a four- 
year  course.  What  is  accomplished  depends  entirely  upon  the  individual.  There  is  no  golden 
secret  to  success,  except  hard  work,  in  engineering  or  in  any  other  field.” 

Engineering  Fields — “Many  engineers  are  doing  work  for  which  they  are  not  specifically 
trained.  But  by  its  very  nature  this  work  requires  a trained  mind.  A period  of  stuly  and  train- 
ing is  not  intended  to  turn  out  a narrow  specialist,  but  rather  an  adaptable  person.” 

Russian  vs.  Western  Engineering  Training — “Tbe  basic  aim  of  the  U.S.S.R.  has  been  and  is 
the  development  of  competent  trained  technical  people  to  serve  the  needs  of  the  state.  These  fre- 
quently have,  as  a result,  a circumscribed  outlet.  In  the  West  the  basic  aim  is  the  development 
of  well-rounded  engineers  who  have  a fair  knowledge  of  the  humanities  and  social  require- 
ments to  back  up  a ratber  good  training  in  basic  engineering  sciences.  The  objectives  of  West- 
ern engineering  training  are  the  development  of  skilled  engineers  and  capable  citizens.” 

Canadian  Engineers — “Canada  bas  developed  many  outstanding  engineers  in  many  disci- 
plines. Many  have  achieved  world-wide  recognition,  particularly  in  mining,  power,  pul|)  and 
paper,  aviation  and  electronics.” 

A S AN  engineer  of  broad  outlook  Lawton  is  a strong  supporter  of  the  Institute,  which  he  feels 
^ helps  the  engineer  assume  his  responsibilities  and  enables  him  to  keep  abreast  of  develop- 
ments throughout  his  professional  life. 

And  the  1962-63  President  of  the  Engineering  Institute  of  Canada  can  he  very  impatient 
with  engineers  who  fail  to  assume  the  responsibilities  of  their  profession. 
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A.  M.  Huiter,  m.e.i.c.  (McGill  ’46),  a 
partner  in  the  firm  of  Stacller,  Hurter 
and  Company,  has  become  President 
and  Director  of  Stadler,  Hurter  Inter- 
national Ltd.,  of  Montreal,  a firm  which 
carries  out  consulting  services  to  the 
pulp,  paper  and  power  industries  out- 
side Canada. 

Hugh  A.  Krentz,  a. m.e.i.c.  (Man.  ’57) 
has  been  appointed  to  the  newly  created 
position  of  Development  Engineer  at  the 
Canadian  Institute  of  Steel  Construc- 
tion. Mr.  Krentz  joined  CISC  in  1960 
as  Regional  Engineer  of  the  Central 
Region,  covering  Saskatchewan  and 
Manitoba.  Prior  to  this,  he  worked  on 
many  civil  engineering  projects  with 
consulting  engineers  in  Manitoba.  In  his 
new  position,  he  will  be  responsible  for 
research  and  development  work  in  con- 
nection with  jilate  structures  in  the  con- 
struction industry. 

George  J.  Sladek,  m.e.i.c.  (Man.  ’50) 
has  been  appointed  assistant  chief  engi- 
neer for  Gibb,  Underwood  & McLellan, 
Consulting  Engineers  of  Toronto.  Prior 
to  joining  the  firm  in  1960,  Mr.  Sladek 
was  special  projects  engineer  for  the  firm 
of  LTnderwood,  McLellan  and  Associates 
Ltd.,  a partner  with  Sir  Alexander  Gibb 
and  Partners  in  the  firm  of  Gibb,  Under- 
wood, McLellan.  Mr.  Sladek  was  a mem- 
ber of  the  team  which  designed  the  Iro- 
quois turbojet  engine.  Mr.  Sladek  has 
made  a special  study  of  northern  de- 
velopment at  Thompson,  Man.,  and  has 
carried  out  studies  for  the  redevelop- 
ment of  the  Churchill  area  for  the  Mani- 
toba and  Federal  Governments.  Re- 
cently, Mr.  Sladek  has  been  connected 
with  the  latter  stages  of  the  design  for 
the  Federal  Department  of  Public 
Works’  Lakehead  Harbour  Terminal  at 
Port  Arthur-Fort  William,  and  a 275 
ton  floating  self-propelled  revolving 
crane  for  the  St.  Lawrence  Seaway 
Authority. 


K.  R.  Meyer,  m.e.i.c.  ( Lhiiv.  London 
’37)  has  become  a partner  in  the  firm 
of  Stadler,  Hurter  & Company,  Consult- 
ing Engineers  of  Montreal.  Mr.  Meyer 
has  also  been  appointed  Vice-President 
and  Director  of  the  firm  of  Stadler,  Hur- 
ter International  Ltd.,  which  is  owned 
by  the  partnership. 


W.  L.  Todd,  P.Eng.,  m.e.i.c.  (McGill 
’41)  has  become  a partner  in  the  firm 
of  Stadler,  Hurter  & Company,  Con- 
sidting  Engineers  in  Montreal.  Mr.  Todd, 
who  is  also  President  of  Stadler  Hurter 
International  Ltd.,  has  had  wide  experi- 
ence in  the  pulp  and  paper,  power  and 
other  industries. 


Sydney  Sillitoe,  m.e.i.c.  ( U.  of  Alta.  ’31  ) 
has  been  appointed  Chairman  of  the 
Belleville  Transit  Commission.  Mr.  Sil- 
litoe has  served  for  two  years  on  the 
Commission.  He  is  Chairman  of  the 
Committee  on  Technical  Operation  of 
the  Engineering  Institute  of  Canada, 
and  is  an  ex  officio  member  of  its 
Council. 


C.  Jacques  Gauvin,  a. m.e.i.c.  (Poly.  ’54) 
has  recently  accepted  the  position  of 
Chief  Geologist  for  Liberian  American- 
Swedish  Minerals  Company  (Lamco)  on 
the  Nimba  River,  Liberia.  Mr.  Gauvin 
was  formerly  Chief  Geologist  for  Steep 
Rock  Iron  Mines  Limited,  Steep  Rock 
Lake,  Ont. 


Gaston  Galibois,  m.e.i.c.  (Laval  ’50) 
has  been  nominated  Manager  of  Engi- 
neering Construction  at  the  Quebec 
Power  Company. 


Dr.  John  A.  Havers,  m.e.i.c.  (U.  of 
Sask.  ’47,  Purdue  ’56)  has  joined  the 
staff  of  the  Armour  Research  Foundation 
of  the  Illinois  Institute  of  Technology  in 
Chicago,  as  a Research  Engineer  in  the 
Structural  Mechanics  section.  Prior  to 
joining  Armour  Research  Foundation, 
Dr.  Havers  was  an  associate  in  the  firm 
of  Harland,  Bartholomew  and  Associates, 
Consultants  and  was  Director  of  En- 
gineering in  the  Honolulu  office  of  that 
firm  since  1956.  He  worked  in  Canada 
and  the  United  States  on  highway  pro- 
jects involving  research,  design  and  con- 
struction. 


John  R.  Dunn,  m.e.i.c.  (Toronto  ’38) 
has  been  appointed  Manager — Tube  Sec- 
tion at  Canadian  General  Electric’s 
Electronic  Equipment  and  Tube  De- 
partment. Mr.  Dunn  was  engaged  in 
the  sales  planning  of  commercial  elec- 
tronic equipment  and  administration  of 
contracts  for  development  and  produc- 
tion of  mihtary  electronic  equipment. 
In  1955,  he  transferred  to  the  Electronic 
Tube  Section  where  he  was  responsible 
for  Marketing  Research  and  Product 
Planning  of  Electronic  Tubes  and  Semi- 
conductors. He  was  appointed  Manager 
— Marketing  in  1961. 


Frank  Block,  m.e.i.c.  (Tech.  U.,  Vienna 
’21),  has  been  appointed  consulting 
engineer  to  the  manager  of  the  Boiler 
Products  Division  of  Dominion  Bridge. 
Prior  to  joining  the  company  in  1938, 
Mr.  Block  was  head  of  the  boiler  de- 
partment for  Simmeringer,  Maschinen 
& Waggon  in  Vienna. 


J.  E.  Ewanchyna,  m.e.i.c.  (Sask.  ’55), 
former  Process  Design  Engineer  in  the 
Petrochemicals  Department  at  Polymer 
Corporation,  Sarnia,  has  been  appointed 
Senior  Process  Engineer  in  charge  of 
utilities  and  waste  disposal.  |îï 
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DEXION 


Some  build  very  impressive 
structures  with  DEXION  — 
grandstands,  aircraft- 
maintenance  towers,  heavy- 
duty  racking  installations,  and 
the  like.  Others  use  DEXION 
Slotted  Angles  in  applications 
less  spectacular  but  no  less 
practical  — workbenches, 
carts,  conveyors,  tables, 
machine  guards,  shelving 
units.  The  beauty  of  DEXION 
(if  you  can  forget  the  lovely 
lady  for  a minute)  is  this:  you 
can  build  almost  anything 
with  it,  and  do  the  job  cheaper, 
faster,  better. 


DEXION  is  incredibly  easy  to  use 
because  it’s  pre-engineered.  No  welding, 
drilling  or  painting  needed.  No  costly 
skills  of  any  kind.  Just  cut,  bolt  — 
and  the  job’s  done.  Dependably. 
DEXION  joints  are  strong,  rigid,  reliable. 
If  you’re  looking  for  ways  to  save  in 
plant  or  warehouse,  why  not  find  out 
what  DEXION  can  do?  Write  for  free 
DEXION  literature  — it’s  packed 
with  useful  information. 


DEXION  (CANADA)  LTD. 

114-  CLAYSON  RD.  WESTON,  ONT. 

□ Please  send  free  DEXION  literature. 

NAME 

COMPANY 

ADDRESS 
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News  of  the  Branches 


Amherst  District 

R.  R.  McIntyre,  m.e.i.c. 

Correspondent 

A special  meeting  was  held  March  9 
at  the  Fort  Cumberland  Hotel  to  dis- 
cuss the  issue  of  Confederation  as  pro- 
posed by  the  Engineers  Confederation 
Commission.  W.  D.  Hagen  was  Chair- 
man of  this  meeting,  the  last  in  a series 
arranged  by  the  Branch  Executive  to 
discuss  the  role  and  responsibilities  of 
the  Engineering  Institute  of  Canada  and 
the  Provincial  Association.  The  meet- 
ing ended  with  a panel  discussion. 

Plans  were  made  for  entertaining  the 
engineering  students  at  Mount  Allison 
University  at  the  April  meeting.  Plans 
were  also  made  for  ladies  night  to  be 
held  May  11  at  which  time  members 
and  their  wives  will  hold  a lobster 
bancpiet  underground  in  a Cumberland 
mine. 

Central  B.C. 

A.  F.  Joplin,  M.E.I.C. 

Correspondent 

C.  F.  Ripley,  of  Ripley,  Klohn  & 
Leonoff  Ltd.,  Vancouver,  was  the  guest 
speaker  at  the  Branch’s  March  16  meet- 
ing at  Penticton.  The  topic  of  his  talk 
“Dams  Around  tlie  World”  was  il- 
lustrated by  slides.  Mr.  Ripley  reviewed 
the  engineering  of  the  foundations  for 
dams  in  Norway,  Sweden,  Holland,  Den- 
mark, Italy,  Switzerland  and  France  in 
Europe,  and  Hong  Kong,  Japan,  Hawaii 
and  the  Philippines  as  well  as  Canada. 
This  international  study  was  undertaken 
as  part  of  Mr.  Ripley’s  leave  of  absence 
from  his  consulting  firm.  Mr.  Ripley  said 
that  dam  foundations  were  as  much  an 
art  as  an  exact  science,  and  that  it  was 
not  always  possible  to  reduce  the  prob- 
lems of  the  engineering  of  a foundation  to 
a rational  solution  since  the  foundation 
materials  could  not  be  expected  to  fol- 
low the  rough  mathematical  assump- 
tions that  were  made  prior  to  the  con- 
struction. 

The  General  Secretary  of  the  Engi- 
neering Institute  was  also  a guest  at  this 
meeting.  He  spoke  on  Confederation,  and 
the  Institute  Library. 


Corner  Brook 

R.  G.  Scott,  A.M.E.I.C. 

Correspondent 

The  Branch  held  a meeting  Febru- 
ary 27  at  which  Kevin  St.  George, 
Superintendent  of  the  Mechanical  De- 
partment at  Bowater’s  Newfoundland 
Pulp  and  Paper  Mills  Limited,  was  the 
guest  speaker.  In  his  talk  entitled  “Main- 
tenance Engineering”,  Mr.  St.  George 
described  the  duties  of  the  Research, 
Design,  Construction  and  Maintenance 
groups  which  participate  in  the  instal- 
lation of  new  plants  or  equipment.  He 
emphasized  that  eventual  cost  of  main- 
tenance is  closely  tied  to  the  first  three 
and  that  design  engineers  in  particular 
should  always  work  with  the  problems 
of  maintenance  in  mind.  The  mainten- 
ance problems  of  no  two  plants  are 
alike,  varying  with  the  type  of  process, 
plant  and  equipment  and  the  local  con- 
ditions and  attitude  of  the  management. 
The  common  aim  of  all  plants  however 
is  to  keep  process  interruptions  to  a 
minimum,  obtain  maximum  economic 
life  from  equipment,  and  at  the  same  time 
reduce  costs.  To  do  this  requires  ade- 
quate planning,  close  control  and  effec- 
tive use  of  available  men  and  equip- 
ment. 


Edmonton 

W.  Rutherford,  m.e.i.c. 

Correspondent 

The  Structural  Group  of  the  Branch 
held  a successful  technical  meeting 
February  7 in  the  Math  Physics  Building 
of  the  University  of  Alberta.  J.  Long- 
worth  was  chairman  at  this  meeting  at- 
tended by  60  members.  The  guest 
speaker  was  G.  Adam,  Managing  Direc- 
tor of  Conforce  Products  Ltd.,  Calgary. 
Mr.  Adam  described  the  design,  erec- 
tion and  other  features  of  the  prestressed 
concrete  girders  used  in  the  construction 
of  the  Red  Deer  River  on  Alberta  highway 
36  north  of  Duchess.  The  girders  are  the 
second  largest  of  their  type  used  in 
Canada.  The  twenty  girders  are  148  feet 
long,  9%  deep,  and  weigh  110  tons. 
Mr.  Adam  illustrated  his  talk  with  color 
slides  taken  during  construction  of  the 
bridge. 


Mr.  Adam  was  assisted  in  his  talk  by 
D.  deWolf,  and  T.  Lamb  of  Lamb,  Mc- 
Manus and  Associates,  and  by  T. 
Trimble  of  the  Bridge  Branch,  Depart- 
ment of  Highways.  A lively  question- 
and-answer  period  followed  the  well- 
attended  talk. 

The  Branch  intends  to  continue  these 
technical  meetings,  varying  the  sub- 
jects with  appeal  for  the  largest  pos- 
sible cross  section.  Another  technical 
meeting  is  planned  for  April. 

A meeting  of  the  Branch’s  Electrical 
Engineering  Section  was  held  at  the 
University  of  Alberta,  February  8.  R.  E. 
Phillips,  Section  Chairman  for  the  even- 
ing, introduced  Branch  Chairman,  Adam 
Sandilands  to  the  members  present.  Pro- 
fessor J.  A.  Harle  introduced  the  speaker 
Phillip  Richardson,  Deputy  Chief  Elec- 
trical Engineer  for  C.  A.  Parsons  and 
Co.  Ltd.,  Newcastle-on-Tyne,  England, 
who  spoke  on  “Developments  in  Large 
Turbo  Type  Generators”. 

Mr.  Richardson  discussed  various 
planned  faults  that  had  been  placed  on  a 
transmission  grid  in  England  in  order  to 
secure  information  on  the  system  and  al- 
ternator response  and  behaviour.  Much 
valuable  information  had  been  secured 
on  generator  operation  during  abnormal 
excitation  conditions.  Research  into  slip 
ring  and  brush  operation  at  high  cur- 
rent values  was  discussed.  Results  of 
tests  carried  out  to  determine  transient 
shaft  torques  on  large  turbo  alternators 
were  shown.  Mr.  Richardson  indicated 
with  use  of  slides,  the  recent  develop- 
ments in  the  field  of  water  cooling  in 
alternator  stators,  a feature  which  has 
permitted  great  increases  in  size.  Details 
of  stator  bar  ends  for  both  water  and 
electrical  connections  to  the  hollow  con- 
ductors were  discussed. 

D.  L.  MacDonald  expressed  the  ap- 
preciation of  the  group  for  a most  in- 
teresting and  well  prepared  paper. 

On  February  19,  Dr.  B.  G.  Ballard, 
President  of  the  Engineering  Institute  of 
Canada,  visited,  Edmonton  where  he  was 
interviewed  by  television,  radio  and  re- 
presentatives from  local  press.  Dr.  Bal- 
lard conveyed  through  these  mediums, 
information  on  Engineering  education. 
Confederation  of  Engineering  associa- 
tions and  the  future  role  of  Engineers 
in  Canada.  Dr.  Ballard  was  accompan- 

(Continued  on  page  98) 
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SS  is  Mr.  Jack  Sexton  or  kiontreaL  Ho  dasignod  kÊc/î  iHindah  panstocks 


Jack  Sexton  is  a soft-spoken, 
thoughtful,  deliberate  man.  He 
speaks  with  precision  and  he  moves 
quickly.  He  has  to.  As  Director  of 
Civil  Engineering  for  Montreal  En- 
gineering Company,  Ltd.,  he  is  simul- 
taneously supervising  projects  in 
India,  Ceylon,  Bolivia,  Central 
America,  Venezuela  and  Canada. 

There  isn’t  much  time  for  relaxa- 
tion for  Jack  Sexton.  He’s  an  avid 
reader,  but  has  to  do  most  of  it  on 
planes.  When  he  isn’t  traveling  the 
world,  he  relaxes  by  digging  in  his 
garden,  but  there’s  little  time  for 


The  Kundah  Project  is  part  of  the  Canadian 
aid  program  of  the  Colombo  Plan  Administra- 
tion. In  addition  to  the  two  power  stations,  the 
initial  stage  of  development  includes  four 
large  dams,  three  major  tunnels  totalling 
34,160-ft.,  six  penstocks  totalling  27,800-ft., 
and  1,800-ft.  of  low  pressure  pipe  9 to  11-ft. 
diameter.  Penstock  fabricator  was  Davie 
Shipbuilding.  Ltd.,  Lauzon,  Quebec. 


even  that.  As  director,  his  job  in- 
cludes client  contact,  launching  new 
projects,  preparing  and  supervising 
reports  on  new  jobs.  He’s  been  with 
Montreal  Engineering  since  1934, 
and  in  addition  to  many  other  inter- 
national accomplishments,  has  been 
involved  one  way  or  another  in  the 
design  of  36  rock  or  earth  fill  dams 
with  an  aggregate  volume  of  some 
30,000,000  cu.  yds. 

The  Kundah  Project  presented 
Jack  Sexton  with  a real  challenge. 
Ultimately  five  power  plants  will 
harness  the  Kundah  River’s  power 
and  it  will  rank  among  the  world’s 
major  power  developments.  Two 
plants  are  already  in  operation. 
Power  house  No.  1 utilizes  a 1,177- 
ft.  gross  head  through  two  3,200-ft. 
penstocks;  power  house  No.  2,  a 2,475 
gross  head  through  four  penstocks 
5,445-ft.  long.  Penstock  diameters 
range  from  45  to  63-inches. 

Material  for  the  penstocks  was  one 
of  the  knottier  problems.  The  steel 
had  to  have  great  strength  to  permit 
a very  high  working  stress.  It  would 
thus  permit  design  in  light  enough 
sections  for  transport  from  Montreal 
to  the  State  of  Madras  at  minimum 
shipping  costs.  It  had  to  be  weldable 
without  requiring  stress  relief  to  keep 
fabrication  costs  reasonable.  Above 
all,  this  highly  versatile  material  had 
to  be  available  quickly. 

Jack  Sexton  had  heard  of  USS 
“T-1”  Steel  and  from  what  he’d 
heard,  suspected  it  might  solve  their 
problems.  He  did  specify  USS  “T-1” 


Steel  and  he  was  able  to  design  the 
penstocks  to  a 40,000  psi  working 
stress,  thereby  creating  the  antici- 
pated savings  in  weight,  fabrication 
and  shipping  costs. 

Extra-strong,  extra-tough  USS 
“T-1”  Steel  was  just  what  he  needed. 
Introduced  by  United  States  Steel 
in  1953,  it  has  been  used  in  many 
other  hydroelectric  applications  such 
as  spiral  cases  and  dam  gates.  (It 
has  since  been  used  in  the  penstocks 
for  Calgary  Power’s  Spray  Project, 
also  designed  by  Montreal  Engineer- 
ing.) USS  “T-1”  Steel  delivers  very 
high  strength  ( 100,000  psi  minimum 
yield  strength  ) , weldability  without 
the  necessity  of  stress  relief,  and  all- 
weather  toughness. 

The  payoff  of  Jack  Sexton’s  idea? 
They  built  the  Kundah  penstocks  of 
USS  “T-1”  Steel  and,  compared  to 
carbon  steel  design,  reduced  weight 
50%.  It  was  cheaper  to  ship  and 
handle  in  the  rugged  Madras  terrain. 
And  in  field  welding  alone,  each 
pound  of  USS  “T-1”  Steel  saved  40 
compared  to  the  cost  of  welding  and 
stress  relieving  carbon  steel. 

USS  “T-1”  Steel,  like  Jack  Sexton, 
has  an  international  reputation.  It 
has  cut  weight  and  costs  of  pressure 
vessels,  bridges,  mining  and  heavy- 
duty  equipment  around  the  world. 
It  can  do  the  same  for  you.  For  in- 
formation about  its  availability  and 
use,  write  to  United  States  Steel  Ex- 
port Company,  Royal  Bank  Build- 
ing, Toronto,  Ontario.  USS  and 
“T-1”  are  registered  trademarks. 


For  maximum  strength  . . . toughness  . ..  safety 


United  States  Steel  Export  Company 

TORONTO  • MONTREAL  • WINNIPEG  • CALGARY  • VANCOUVER 
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Library  Notes 


Prepared  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 


BOOK  REVIEW 

; 

MANAGEMENT  GUIDE  FOR  INDUSTRIAL 
SUPERVISORS. 

A guide  to  the  selection  of  supervis- 
ors, and  to  the  supervisory  ideas  and 
techniques  in  use  at  present.  The  authors 
first  consider  the  choice  and  training  of 
an  industrial  supervisor,  and  the  posi- 
tion of  the  supervisor  in  the  management 
team.  Other  chapters  cover  industrial 
psychology,  the  development  and  train- 
ing of  subordinates,  the  problems  of  ob- 
taining and  handing  out  information, 
special  supervisory  problems  such  as  cost 
reduction,  methods  improvement  and 
quahty  control.  (B.  T.  Lewis  and  W.  W. 
Pearson.  New  York,  Rider,  1961.  66  p., 
$1.40.) 


THE  MACHINISTS. 

A scholarly  study  of  the  history  of 
the  International  Association  of  Machin- 
ists, based  on  a study  of  the  Union’s 
own  records.  The  first  section  of  the 
book  covers  the  history  of  the  Union, 
and  includes  the  jurisdictional,  racial  and 
section  disputes,  and  the  later  fights  be- 
tween “pure”  and  “political”  unionism. 
The  second  .section  discusses  its  govern- 
ment, its  membership,  revenues  and  e.x- 
penditure,  while  the  last  section  deals 
with  its  policies,  its  relations  with  other 
unions,  with  employers  and  with  the 
community.  ( Mark  Perlman.  Cambridge, 
Harvard,  Toronto,  Saunders,  1961.  333 
p.,  $9.00.) 


AVIATION  AND  SPACE  DICTIONARY, 

4th  ed. 

Definitions  of  ten  thousand  terms  used 
in  aviation,  aerospace  and  related  sub- 
jects such  as  atomic  energy,  electronics, 
meteorology,  navigation,  television,  etc. 
The  definitions  are  clear  and  concise, 
many  cross-reference  are  included,  as  are 
illustrations.  A very  useful  addition  to 
anyone’s  library.  (Ed.  by  E.  J.  Gentle 
and  C.  E.  Chapel.  Los  Angeles,  Aero, 
1961.  444  p.,  $10.00.) 
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CERAMICS. 

When  translating  this  volume  from 
the  fourth  German  edition,  some  illus- 
trations from  English  sources  have  been 
included,  as  has  some  of  the  material 
found  in  the  third  German  edition,  but 
omitted  from  the  fourth.  The  text  is  both 
a critical  review  of  research  in  ceramics, 
and  a concise  work  of  reference. 

The  first  section  of  the  book  covers 
the  structure  and  properties  of  silicates 
and  glasses,  and  the  chemistry  and  phys- 
ics of  clay,  silica,  feldspar  and  glazes. 
The  second  section  of  the  book  is  con- 
cerned with  ceramic  products  from  the 
chemical  point  of  view,  and  covers 
bricks,  refractory  materials,  terracotta  and 
earthenware,  stoneware,  porcelain  and 
electrical  insulators.  Innumerable  refer- 
ences are  included,  the  majority  being 
to  German  publications.  ( Hermann  Sal- 
many.  Toronto,  Butterworth,  1961.  380 
p.,  $12.50.) 


ON  RETRIEVAL  SYSTEM  THEORY. 

The  problem  of  storing  and  retrieving 
information  becomes  daily  greater,  and 
the  search  for  new  methods  continues. 
This  volume  contains  a unified  presenta- 
tion of  the  whole  problem,  taking  a 
theoretical  rather  than  an  empirical  ap- 
proach. The  author  considers  the  de- 
scription of  documents;  the  terms  used 
to  indicate  the  subject  of  a document; 
the  descriptor  languages;  methods  of 
classifying;  file  organization  and  coding; 
methods  of  conducting  a search;  the 
automation  of  storage  and  retrieval. 
References  are  included  for  further  read- 
ing. ( B.  G.  Vickery.  Toronto,  Butter- 
worth,  1961.  159  p.,  $5.75.) 


THE  ENGINEERING 
INSTITUTE  LIBRARY 
The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library,  and  may  be  borrowed 
by  members  of  the  Institute.  Two 
items  may  be  borrowed  at  one 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.m.;  Saturdays: 
9 a.m.  to  12  noon.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mansfield 
Street,  Montreal. 


GAS  CHROMATOGRAPHY. 

The  subject  of  gas  chromatography 
has  expanded  rapidly  in  the  last  ten 
years,  so  that  it  is  no  longer  possible  to 
obtain  a grasp  of  it  by  referring  to  the 
original  literature.  This  survey  volume 
provides  a basic  introduction  to  the  sub- 
ject, and  gives  the  technologist  enough 
information  to  enable  him  to  construct 
his  own  apparatus. 

The  book  is  mostly  concerned  with 
gas-liquid  chromatography.  The  appar- 
atus is  described,  the  column  and  its 
packing,  methods  of  sample  injection, 
and  detectors,  including  katharometers, 
gas-density  meters,  flame /thermocouple 
and  ionization  detectors.  Other  chapters 
cover  retention  parameters,  column  per- 
formance, high  efliciency  columns,  qual- 
itative and  quantitative  analysis,  gas  an- 
alysis, and  the  use  of  gas  chromatog- 
raphy as  a preparative  technique.  Many 
references  are  included  for  further  read- 
ing. (D.  Ambrose  and  B.  A.  Ambrose. 
London,  Newnes,  1961.  220  p.  £2.) 

SMALL  AND  MEDIUM  POWER  REACTORS 
VOL.  1. 

The  first  of  two  volumes  of  the  pro- 
ceedings of  a conference,  held  in  1960 
by  the  International  Atomic  Energy 
Agency,  to  study  the  technology  and 
economics  of  small  and  medium  power 
reactors,  and  their  role  in  meeting  world 
energy  problems.  This  volume  presents 
a general  review  of  reactor  systems,  and 
experiences  gained  in  their  construction 
and  operation.  All  but  three  of  the  35 
papers  included  are  in  English,  one  is 
in  French,  and  two  in  Russian.  The 
papers  were  given  by  experts  from  all 
over  the  world,  and  include  two  from 
Ganada,  on  heavy-water-moderated  re- 
actors. (Vienna,  I.A.E.A.,  1961.  617  p., 
$9.00.) 

* SYMPOSIUM  ON  METHODS  OF  METALLO- 
GRAPHIC  SPECIMEN  PREPARATION. 

Reviews  of  established  methods  and 
reports  of  new  techniques  are  presented. 
Many  of  the  techniques  described  were 
developed  for  the  preparation  of  some 
of  the  newer  metals,  alloys,  and  ceramic 
materials  used  in  aerospace  and  nuclear 
applications.  (Philadelphia,  American 
Society  for  Testing  and  Materials,  1961. 
134  p.,  $4.50  s.t.p.  285.) 

(Continued  on  page  102) 
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SENIOR  ENGINEERS 


Our  Company  has  a few  vacancies  for  Mechanical,  Chemical,  Civil 
éc  Electrical  Engineers  to  supplement  our  existing  experienced  staff. 
Preference  will  be  given  to  applicants  with  ten  years  or  more  ex- 
perience in  the  pulp  and  paper  industry  and  all  commensurate  salary 
requirements  will  be  given  consideration. 


Scope  of  Work 


Employment  Benefits 


Project  Engineering  on  all  facets  of 
pulp  and  paper  mill  design  for  a 
world  wide  clientele. 


Pension  Plan 
Health  Insurances 
Group  Life  Insurance 
— All  Company  Participated 


Although  appointments  could  be  made  almost  immediately,  the  ideal 
candidates  will  probably  have  commitments  which  may  take  some 
time  to  complete.  This  we  appreciate. 

All  replies  will  be  treated  in  strictest  confidence. 

Write;  Personnel  Manager, 

H.  A.  Simons  (International)  Limited, 

1 6 East  Hastings  Street, 

Vancouver  4,  B.C. 

File  No.  159-V. 


ENGINEERING 

SALES 

Positions  ore  open  in  a rapidly 
growing  established  company  for 
high  calibre  sales  representatives. 
A degree  in  engineering  or  science, 
preferably  emphasizing  chemistry 
and  obtained  since  1958  is  desir- 
able. Experience  in  sales,  pulp  and 
paper,  refinery  or  metallurgical 
plant  would  be  helpful.  Relocation 
may  be  necessary  and  travelling 
required.  Remuneration  above 
average  and  advancement  possi- 
bilities excellent.  Kindly  apply  in 
writing,  outlining  academic  quali- 
fications, experience  and  interview 
availability,  to; 

ALCHEM  LIMITED 
BURLINGTON,  ONTARIO 
File  No.  160-V. 

OFFICES  FROM  COAST  TO  COAST 

WATER  CONDITIONING  CHEMICALS  AND 
SERVICES  • COAGULANTS  • PETROLEUM 
CHEMICALS  • CORROSION  INHIBITORS  • 
PROCESS  ANTIFOAMS  . MICROBIOCIDES 


MISCELLANEOUS 


MECHANICAL  OR  CHEMICAL  ENGI- 
NEER required  by  company  making 
marine  products.  Require  2 to  5 years 
applicable  experience.  Suggested  age  23- 
30;  preferably  resident  in  Nova  Scotia. 
Salary  according  to  qualifications  and 
(experience.  File  No.  135-V. 

ENGINEERS  FOR  MANAGEMENT— proj- 
ect, design,  sales,  research,  development 
and  control.  Graduates  of  most  types 
and  ages  required  by  clients  of  the  Tech- 
nical Service  Council,  a non-profit,  indus- 
try-sponsored placement  service.  Write  2 
Homewood  Ave.,  Toronto  5,  Ontario  or 
1500  Stanley  Street,  Montreal  25,  Que. 
for  an  application.  There  is  no  charge  for 
work  done  on  your  behalf.  File  No. 
16648-V. 


jHYDRONIC  HEATING  SALES  ENGI- 
NEER with  successful  sales  record  in  the 
Montreal  area  wanted  for  new  Quebec 
office  by  Toronto  manufacturer.  Include 
complete  resume  of  education,  experience, 
i marital  status.  Salary  commensurate  with 
I ability.  Excellent  company  benefits.  All 
I applications  will  be  treated  confidentially 
I and  should  be  made  in  writing  to  File 
: No.  156-V. 


; SALES  ENGINEERS  — with  B.Sc.  degree 
' required  by  fully  integrated  major  oil 
company,  marketing  department,  for  early 
: assignment  in  Western  Canada.  If  you 
believe  SALES  is  a true  engineering  func- 
tion, then  your  future  professional  life 
I can  fit  this  position.  Training  course  given. 
Excellent  remuneration  and  advancement 
prospects.  Three  to  five  years  sales  ex- 
perience desirable  but  not  a requirement. 
Knowledge  of  modern  industrial  equip- 
ment a definite  asset.  Permanent  position. 
Full  company  benefits.  Please  give  per- 
sonal history  and  statistics.  File  No.  157-V. 


CITY  OF  BELLEVILLE  — Applications 
are  invited  for  the  position  of  City  Engi- 
neer. The  successful  applicant  will  be 
placed  in  a salary  scale  of  $8,ft00-$10,500 
in  accordance  with  qualifications  and  ex- 


perience. Duties  include  the  direction  and 
co-ordination  of  the  planning,  designing, 
construction  and  maintenance  of  Public 
Works,  including  roads,  sidewalks,  bridges, 
sewers,  etc.  Applicants  must  be  registered 
Professional  Engineers,  and  have  experi- 
ence in  the  Municipal  Engineering  field. 
Applications,  stating  personal  details  and 
experience,  together  with  the  names  and 
addresses  of  three  persons  to  whom  refer- 
ence may  be  made,  must  be  submitted  no 
later  than  June  5th,  1962,  to;  A.  L.  Jobey, 
Personnel  Officer,  City  Hall,  Belleville, 
Ontario.  File  No.  163-V. 


SALES  ENGINEER  required  for  challeng- 
ing position  in  the  rapidly  growing  field 
of  Prestressed,  Precast  Concrete.  Appli- 
cant should  be  young  and  personable  with 
3 to  5 years’  experience  in  the  Structural 
Steel  or  Precast  Concrete  fields,  some 
sales  experience  desirable.  Position  re- 
quires mostly  contact  with  Architects  and 
Consultants  plus  estimating  and  super- 
vision of  sales  literature  preparation  and 
associated  draughting.  All  usual  benefits 
plus  car  expenses.  Send  complete  resume 
and  salary  expected  to  P.O.  Box  3599, 
Winnipeg  4,  Manitoba.  File  No.  126-V. 


JUNIOR  TRAFFIC  ENGINEER— To  make 
professional  road  planning,  traffic  and 
parking  studies,  reports  and  recommenda- 
tions, relating  to  channelization,  design, 
street  widening,  realignments,  grade  sepa- 
rations, and  general  traffic  movements 
etc.  Supervise  small  technical  staff.  Salary 
. — $4400— $7000  depending  on  experience. 
Qualifications — Graduate  Engineer,  pre- 
ferably with  2 or  more  years  road  traffic 
specialization  or  experience.  Apply  to 
Personnel  Coordinator,  The  City  of  Cal- 
gary, Alberta.  File  No.  162-V. 


TEACHING 


UNIVERSITY  OF  SASKATCHEWAN. 

Teaching  in  Civil  Engineering.  Applica- 
tions are  invited  for  a teaching  position 
as  Lecturer  or  Assistant  Professor  in  Civil 


Research  Opportunities 
for 

CIVIL  ENGINEERS 
in  the  field  of 
ENGINEERED 
WOOD  PRODUCTS  AND 
STRUCTURES 


Up  to  $10,300  per  annum 

Required  immediately  for  two  at- 
tractive appointments  with  the  Forest 
Products  Laboratory  FEDERAL  DE- 
PARTMENT OF  FORESTRY,  OTTAWA, 
CANADA  Post-graduate  training  in 
structures  or  mathematics  desirable, 
but  not  mandatory.  Responsible  ex- 
perience in  structural  timber  research 
essential.  For  details  and  applications, 
write  to  the 

CIVIL  SERVICE  COMMISSION, 
OTTAWA,  CANADA. 

Ask  for  Circular  62-1255. 

File  No.  161-V. 


Engineering.  Minimum  requirements — 
Master’s  degree.  Duties  consist  of  teach- 
ing in  structures  at  undergraduate  and 
post-graduate  level.  Minimum  salaries— 
Lecturer  $6,500.  Assistant  Professor  $7.000. 
Associate  Professor  $9.000.  Professor  $11.- 
700.  Direct  applications  to  Head,  Depart- 
ment of  Civil  Engineering.  University  of 
Saskatchewan.  Saskatoon,  Sask.  File  No. 
155-V. 
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Business  and  Industrial  Briefs 


Appointments  and  Transfers 


John  J.  Norris  has  been  appointed  to 
the  Board  of  Directors  of  Montreal  Loco- 
motive Works  Limited.  Mr.  Norris,  a 
Vice-President  of  the  company,  also  serves 
as  comptroller  and  treasurer.  Mr.  Norris 
joined  the  company  in  1940. 

George  A.  Tinnerman  III  has  been  ap- 
pointed General  Sales  Manager  of  Do- 
minion Fasteners  Limited,  Hamilton.  Mr. 
Tinnerman  will  be  responsible  for  the 
company’s  line  of  plastic  fasteners  and 
GAT  fasteners  for  the  building  and 
construction  industries. 

David  M.  Blair  has  been  appointed  Sales 
Manager,  Administration,  and  W.  G. 
Harris  to  the  position  of  Sales  Man- 
ager, Marketing  at  Darling  Brothers 
Limited.  A.  J.  Nicle  has  relinquished  his 
position  as  Sales  Manager  of  the  Com- 
pany. He  wiU  be  associated  with  the 
company  in  an  advisory  capacity. 

F.  S.  Heeley  has  been  appointed  engi- 
neering manager  for  the  Switchgear  and 
Control  Division  of  Canadian  Westing- 
house,  Hamilton.  Mr.  Heeley  has  many 
years’  experience  in  system  and  station 
design  and  planning  with  power  util- 
ities in  Brazil,  England  and  Canada.  He 
also  has  e.xtensive  experience  in  pro- 
duct development  and  manufacturing. 

Sylvester  (Sy)  Szabo  has  been  appointed 
Vice-President  and  General  Manager  of 
Robertshaw-Fulton  Controls  (Canada) 
Limited.  Mr.  Szabo  has  had  extensive 
experience  in  the  domestic  appliance 
manufacturing  industry. 


C.  K.  Dewar  has  been  appointed  com- 
modity sales  manager.  Moulded  Goods 
and  Special  Products,  Dominion  Rub- 
ber Company’s  Mechanical  Goods  Divi- 
sion, Montreal.  Mr.  Dewar  joined  the 
company  in  1943  as  a development 
chemist  and  was  transferred  to  the  sales 
department  of  the  Mechanical  Goods 
Division  in  1951  where  he  was  placed  in 
charge  of  new  products  sales  develop- 
ment. 

John  D.  MacNaughton  has  joined  the 
Special  Products  Division  of  the  De- 
Havilland  Aircraft  of  Canada  Limited, 
as  Chief  Mechanical  Development  Engi- 
neer. Mr.  MacNaughton  will  be  re- 
sponsible for  the  development  of  the 
Division’s  Mechanical  product  lines. 

Kenneth  R.  Oswell  has  been  appointed 
a vice-president  and  director  of  the  On- 
tario Division  of  Payne-Ross  Limited. 

J.  W.  Bishop  has  been  appointed  Vice- 
President  of  Ingledow  Kidd  & Associ- 
ates Limited,  Consulting  Engineers.  He 
will  establish  a branch  office  of  the  firm 
in  Colombo,  Ceylon,  from  which  he  will 
maintain  contact  with  engineering  activ- 
ities of  the  organization  in  India. 

M.  Bruce  Mairs  has  been  appointed 
Vice-President  of  Canadian  operations  of 
H.  K.  Porter  Company  (Canada)  Lim- 
ited. He  will  eontinue  in  his  present 
capacity  as  General  Manager.  Prior  to 
joining  Porter  in  1960,  Mr.  Mairs  had 
been  associated  with  Joy  Manufacturing 
in  Canada  and  the  United  States. 


Developments 

Information  contained  in  this  section  has  been  obtained  from  press  releases. 
Mention  of  products  and  services  does  not  imply  endorsement  by  the  Institute. 


CANADIAN  GENERAL  ELECTRIC  has 
announced  a new  72-page  cutting  tool 
catalogue  featuring  specifications  and 
complete  pricing  information  for  ce- 
mented carbide  inserts,  blanks,  brazed 
tools  and  cemented  oxides.  Copies  are 
available  by  contacting  the  company  at 
1199  Lansdowne  Avenue,  Toronto  4, 
Ont. 


THE  FORMATION  of  a new  company. 
Electrovert  Manufacturing  Company 
Limited,  with  administrative  headquar- 
ters and  manufacturing  facilities  in 
Montreal  has  been  announced.  The 
company  will  manufacture  automatic 
wave-soldering  equipment  for  the  elec- 
tronic industry,  as  well  as  computers, 
radios,  television  sets  and  hearing  aids. 


AN  IMPROVED  UNIVERSAL  oil  that 
features  a minimum  flash  point  10  de- 
grees higher  than  that  of  previous  types 
is  being  specified  as  standard  on  all 
Canadian  Westinghouse  transformers 
and  circuit  breakers.  The  oil  has  a flash 
point  of  145  degrees  C,  293  degrees  F. 
The  oil’s  physical,  chemical  and  electri- 
cal properties  make  it  applicable  to  ail 
equipment  where  the  conventional  in- 
sulating type  had  been  used. 


SILICONE/ALUMINUM  PAINTS  which 
are  able  to  withstand  extremely  high 
working  temperatures  for  long  periods 
have  been  introduced  by  David  Brown 
(Canada)  Limited  of  Toronto.  These 
paints  are  resistant  to  most  chemicals  at 
moderate  temperatures,  and  are  affected 
very  little  by  the  weather.  The  paints 
are  intended  mainly  for  maintenance 
work,  protective  coatings  on  industrial 
equipment,  and  decorative  finishes  for 
some  domestic  appliances. 


AVAILABLE  FROM  Martin  Black  Wire 
Ropes  Canada  Ltd.,  is  a new,  stronger 
grade  of  wire  rope  designed  specially  for 
heavy  duty  construction  equipment, 
shovels,  back-hoes,  draglines  and  scrapers. 
Carbon  steel  rod  with  precise  properties 
was  selected,  drawn  into  wire  to  rigid 
specifications.  The  wire  is  available  in 
I.W.R.C.  Lang’s  Lay,  on  half  to  one 
inch  in  diameter.  It  is  marked  by  a 
colored  strand  for  easy  identification. 


PLANS  FOR  THE  CONSTRUCTION  of 
a plant  to  manufacture  Sakrete  products 
have  been  announced  by  the  Flintkote 
Company  of  Canada  Limited.  The  site 
of  the  plant  will  be  Flintkote’s  Oak 
Park  Gravel  Plant  at  Brantford,  Ont. 
Sakrete  is  the  trade  name  of  a line  of 
ready-to-use  products,  including  a dry 
concrete  mix,  sand  mix,  mortar  mix  and 
plaster  mix,  designed  for  the  do-it-your- 
self market. 

(Continued  on  page  112) 
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î ER8,  humanized  in  Boris  Artzybasheff's  unique  styie,  is  the  newest 
a long  series  of  heavy-duty,  two-stage,  water-cooled  industrial 
compressors.  It  delivers  2290  cfm  at  100  psi  at  its  maximum  rating 
514  rpm.  At  450  rpm,  its  2020  cfm  for  363  shaft  hp  gives  18  hp  per 
cfm.  This  is  probably  a higher  efficiency  than  that  of  any  equiva- 
t machine  available  in  Canada  today. 


Since  1952,  about  300  Canadian  companies  have 
installed  more  than  500  Atlas  Copco  stationary 
compressors  from  1 to  600  hp.  This  points  up  the 
double  fact  that  they  are  good  machines  and 
that  Atlas  Copco  is  a good  firm  to  deal  with. 


;| 


i;  " 


i 


■\  b 


FOR  PROFIT’S  SAKE,  GET  A QUOTE  FROM  COPCO 

Atlas  Copco  Canada  Ltd.  745  Montreal-Toronto  Blvd.,  Dorval,  P.Q. 

Branches  <£  representatives  coast  to  coast. 


MtlasCopco 


puts  compressed  air  to  work 
for  the  world 
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ied  by  Adam  Sandilands,  Chairman  of 
the  Branch,  and  W.  Rutherford.  At  the 
luncheon  sponsored  hy  the  Executive 
Members  of  the  Branch,  Mr.  Sandi- 
lands tabled  a resolution  made  by  the 
Executive  concerning  the  proposed  Con- 
federation under  discussion  between  the 
Institute  and  the  Canadian  Council  of 
Professional  Engineers  until  after  the 
report  of  the  Confederation  Commission. 
Dr.  Ballard  explained  in  detail  the  com- 
plications and  great  differences  of 
opinion  expressed  by  groups  in  different 
parts  of  Canada.  He  confirmed  that 
negotiations  were  proceeding  and  took 


note  of  the  desires  of  the  Branch  on  this 
matter. 

During  the  afternoon,  Dr.  Ballard  and 
Counsellor  Professor  S.  Sinclair  visited 
the  University  Campus  to  address  the 
Engineering  Students.  That  evening,  the 
Branch  held  a meeting  at  the  Corona 
Hotel.  The  Honorable  Gordon  Taylor, 
Minister  of  Highways  for  the  Province 
of  Alberta  greeted  Dr.  Ballard  who  point- 
ed out  the  importance  of  engineers  in 
the  economy  of  Alberta. 

Dr.  George  Govier,  Dean  of  the  En- 
gineering Eaculty  and  Acting  Chairman 
of  the  Oil  and  Gas  Conservation  Board, 
introduced  Dr.  Ballard.  In  his  address  to 


IT’S  WHAT’S  BEHIND  THE 
SEAL... THAT  REALLY  COUNTS 

AMCA  IS  BEHIND  THIS  SEAL — Only  manufacturers  who  meet  the 
rigid  requirements  for  testing  and  rating  air  moving  devices  under  the 
certiOed  ratings  program  are  licensed  by  AMCA  to  use  the  Certified 
Ratings  Seal. 

PROPERLY- RATED  PERFORMANCE  IS  BEHIND  THIS  SEAL  — 
Only  performance  rating  data  developed  in  accordance  with  AMCA 
standard  test  codes,  and  based  on  tests  conducted  only  in  AMCA- 
approved  laboratories  is  accepted  for  review  and  license  consideration 
under  the  certified  ratings  program. 
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CONDITIONING 


A CONTINUING  RE-TEST  PROGRAM  IS  BEHIND  THIS  SEAL  — 


All  products  licensed  to  use  the  certified  ratings  seal  are  subject  to 
periodic  re-evaluation  under  AMCA’s  continuing  re-test  program,  and 
license  to  use  the  Seal  may  be  withdrawn  by  AMCA  for  non-con- 
formance with  requirements. 


Copies  of  Bulletin  261B,  "Who's  Who  in  Certified  Performance 
Ratings"  are  available  from:  Air  Moving  and  Conditioning  Asso- 
ciation, Inc.,  2159  Guardian  Building,  Detroit  26,  Michigan. 


the  Branch,  Dr.  Ballard  reviewed 
number  of  the  problems  confronting  tl! 
Institute.  He  said  that  his  visits  to  tl] 
various  Branches  have  two  purposej 
they  help  headquarters  to  understand  tl 
requirements  and  aims  of  the  Branchej 
and  at  the  same  time  give  him  the  o) 
portunity  to  inform  the  Branches  li 
current  business  being  handled  by  tl 
Institute  Headquarters. 

Regarding  Confederation,  Dr.  Ballai' 
said  that  the  Institute  has  done  coil 
siderably  more  towards  a conclusion  th?' 
other  Associations.  He  did  not  wish  th; 
to  be  interpreted  that  other  societies  ha\, 
been  obstructive.  He  explained  that  tfJ 
Canadian  Council  of  Professional  Eii 
gineers  is  having  many  problems  froil 
its  Provincial  Associations.  He  illustrate! 
this  by  giving  examples  in  Quebec  an; 
Ontario.  So  far,  the  Institute  has  beej! 
unable  to  obtain  a satisfactory  repl 
from  the  C.C.P.E.  on  what  it  intends  tj; 
do  about  Confederation.  Opinions  on  thii, 
matter  vary  considerably  across  Canadfj! 
and  they  tend  to  be  violently  opposed 
Dr.  Ballard  believes  that  it  is  very  douhl 
ful  that  the  reports  as  put  forward  ii 
their  present  forms  could  be  adopteii 
and  there  seemed  to  be  no  doubt  in  hii 
mind  that  some  amendments  would  b: 
necessary  in  order  to  accommodate  th 
opinions  of  all  concerned. 

Dr.  Ballard  mentioned  that  the  budgef 
was  not  balanced,  and  he  said  that  thi; 
was  not  due  to  the  cost  of  pubhshing  th 
Engineering  Journal.  He  stated  that  th 
fees  would  have  to  be  increased  in  orde 
to  carry  on  satisfactorily,  and  as  a resul  1 1 
of  other  discussions,  he  was  convinceit  i 
that  the  Institute  must  have  better  rep! 
resen  ta  tion  in  the  Council  from  morl 
parts  of  Canada.  An  increase  in  feef 
would  enable  this  to  be  achieved. 

After  a lively  question  and  answej  i 
period  during  which  a number  of  quesj  ’ 
tions  on  Confederation  and  the  Librarii  i 
were  discussed,  B.  Ellis,  Vice-Presidenj  i 
of  the  Branch  thanked  Dr.  Ballard  fo;  ! 
his  talk. 

Dr.  Ballard  then  made  the  presentatioij  • 
of  the  Engineering  Institute  Prize  h;  ^ 
Malcolm  Wilson,  the  best  Engineerinfli 
student  at  the  University  of  Alberta. 

One  of  the  members  of  the  Branch’:  i 
Executive,  W.  Rutherford  was  to  take  ar 
appointment  in  Ottawa  with  the  Nationa  : 
Energy  Board,  and  best  wishes  were  ex-, 
tended  to  him  on  behalf  of  the  memher.'iq 
by  A.  Sandilands. 


Estevan  Section 

O.  P.  Lesiuk,  m.e.i.c.  : 

Correspondent  ! 

“Drilling  and  Completion  Problem.'-:: 
in  Pincher  Creek  Area,  Alberta”  was  thej 
title  of  the  talk  given  by  Doug  ChurcK;' 
to  the  members  of  the  Branch  at  theiq 
March  5 meeting.  Mr.  Church  is  Areal| 
Engineer  for  B.A.  Oil’s  Producing  De-:, 
partment  in  Estevan. 

In  his  talk,  Mr.  Church  dealt  with, 
the  problems  initially  encountered  in; 
drilhng  in  the  foothills  around  Pincher! 
Creek.  He  described  how  certain  tech-^ 
niques  lowered  the  cost  of  drilling  and] 
completing  a well  from  more  than] 
$750,000  to  less  than  $333,000.  The] 
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I ecliniques  used  were  unique  to  that 
rea,  and  special  steel  alloys  were  re- 
(uired  to  deal  with  the  great  quantities 
!>f  sour  gas  found  in  the  Fincher  Creek- 
\aterton  area. 

i A report  on  the  annual  A.P.E.S.  meet- 
ag  \\as  given  by  Branch  Chairman  G. 
frsenbach. 

An  executive  meeting  was  held  March 
. at  uhich  time  it  was  decided  that 
- budget  would  be  set  up  to  ensure 
iinds  for  the  annual  scholarship.  The 
cholarslup  committee  was  to  decide 
nethods  for  raising  funds.  The  program 
onvenor  was  to  form  a committee  to 
issist  in  obtaining  suitable  speakers  for 
he  May  and  Jrme  general  meetings.  The 
Ipeaker  for  May  and  June  would  be 
jine  who  would  explain  the  technicians 
iffihation  with  A.P.E.S. 

1 Estevan  Collegiate  requested  that  a 
ipeaker  be  secured  to  talk  to  the  stu- 
ilents  on  the  career  possibihties  of  engi- 
neers and  technicians.  The  speaker  could 
ilso  explain  the  various  aspects  of  af- 
■'iliation  with  the  A.P.E.S. 

Halifax 

D.  E.  Rudolph,  M.E.i.c. 

Correspondent 

; The  annual  students’  meeting  of  the 
!Branch  took  place  March  5 at  a buffet 
iupper  at  the  Jubilee  Boat  Club.  A 
panel  discussion  followed  the  buffet. 
G.  H.  Dunphy,  m.e.i.c.  was  the  moder- 
ator. The  topic  was  “What  is  expected 
of  the  new  engineering  graduate?” 
Panelists  were;  Lt.  Col.  P.  C.  Ahern, 
[M.E.I.C.,  J.  Jay,  M.E.I.C.,  C.  F.  MacNeil, 
iM.E.i.c.  and  D.  E.  Sawyer.  The  panelists 
[discussed  the  importance  of  scholastic 
ability,  the  question  of  whether  an  engi- 
neer must  eventually  become  a part  of 
management,  the  future  of  engineering, 
what  industry  expects  from  an  engineer 
and  whether  an  engineer  should  join 
the  Engineering  Institute  of  Canada  or 
a provincial  association.  The  questions 
from  Branch  members  and  from  the 
students  present,  and  the  comments  from 
;the  prominent  panel,  demonstrated  a 
keen  interest  in  the  subject.  Some  new 
jideas  were  expressed  on  these  not-so-new 
Iproblems.  Program  arrangements  were  by 
|F.  C.  O’Neill  and  his  committee. 

■j 

Newfoundland 

[Anthony  O.  Nemec,  m.e.i.c. 

'^Correspondent 

The  Branch’s  annual  public  speaking 
contest  was  held  March  22  at  Memorial 
University.  Throughout  the  year  the 
Engineering  Department  of  the  uni- 
versity conducts  weekly  seminars  during 
which  second  and  third  year  students 
give  talks.  The  faculty  then  selects  the 
three  top  speakers  from  these  seminars, 
and  they  become  the  contestants  for  the 
Branch’s  public  speaking  prize. 

William  Kennedy,  a fourth  year  stu- 
dent was  this  year’s  winner.  The  title  of 
his  .speech  was  “Engineering  Education 
in  the  Soviet  Union”.  Mr.  Kennedy  jilans 
to  attend  the  Nova  Scotia  Technical  Col- 
lege to  obtain  a degree  in  electrical 
engineering.  Other  contestants  were 
Leblan  Davis  and  John  Neville,  both 


third  year  students  at  Memorial.  Mr. 
Davis  spoke  on  the  charge  of  the  light 
brigade.  The  title  of  his  talk  was  “The 
Reason  Why”.  Mr.  Neville  spoke  on  the 
“Frost  Damage  to  our  Highways”. 

All  members  who  attended  were  im- 
pressed with  the  high  calibre  of  the 
entire  program.  A lunch  was  served  after 
the  meeting. 

The  Branch  announced  its  plans  for  a 
field  trip  to  the  Golden  Eagle  Oil  Re- 
finery at  Holyroad  on  April  14. 

Nipissing  and  Upper  Ottawa 

J.  S.  Cooper,  m.e.i.c. 

Correspondent 

The  monthly  dinner  meeting  of  the 


Branch  was  held  at  the  Golden  Dragon 
Restaurant,  Ferris,  on  March  7.  This 
was  the  annual  students’  night  when 
members  sponsored  students  from  the 
high  schools  who  had  expressed  inter- 
est in  engineering  careers.  Students  were 
present  from  North  Bay,  Temiskaming 
and  Sturgeon  Falls. 

Branch  Chairman  R.  A.  Booy  pre- 
sided at  this  meeting.  The  guest 
speaker  was  Richard  L.  Beck,  of  the 
Civilian  Atomic  Power  Department  of 
Canadian  General  Electric.  He  was  in- 
troduced by  G.  M.  Goodreid.  Mr.  Beck’s 
talk,  “The  Fuel  Cell”,  dealt  with  the 
direct  conversion  of  heat  or  fuel  to 
electrical  energy,  the  need  for  such 

(Continued  on  page  100) 


COM  POUND- LOOP  CONTROL 


By  residual  analysis  and  information  feedback,  Wallace  & Tiernan 
Compound-loop  Control  adjusts  chlorinator  feed  rates  to  changing  water 
flows  and  chlorine  demands.  You  can  add  W&T  Remote  Residual  Re- 
cording and  Controlling  Components  throughout  your  water  system  and 
centralize  control  at  any  desired  location.  You  select  the  desired  residual 
on  a central  panel  and  the  Compound-loop  System  maintains  that  residual 
faithfully. 

Remote  recording  by  W&T  gives  you  duplicate  residual  records  and 
minute-to-minute  information  where  it  helps  guide  operation.  Remote 
controlling  by  W&T  lets  you  adjust  a chlorinator  miles  away.  And  W&T 
Remote  Components  adapt  to  almost  any  system,  any  type  of  control. 

With  remote  residual  recording  and  controlling  by  Wallace 
& Tiernan  you  centralize  control . . . save  time  and  operating  ex- 
pense...  extend  the  advantages  of  the  Compound-loop  method. 

For  more  information,  ivrite  Dept.  S-142.35 


WALLACE  & TIEHIMAIM  LIMITED 

HEAD  OFFICE  & FACTORY:  925  WARDEN  AVENUE,  SCARBOROUGH,  ONTARIO 
MONTREAL  • HALIFAX  « WINNIPEG  • VANCOUVER 
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methods,  and  the  accomplishments  to 
date  in  this  field.  Mr.  Beck  said  that 
research  was  spurred  because  the  world’s 
supply  of  carbonaceous  fuels  was  lim- 
ited and  greater  efficiency  was  neces- 
sary, space  flights  required  equipment 
with  no  moving  parts  and  military  con- 
siderations called  for  equipment  that  was 
light,  portable  and  silent.  With  the  aid 
of  slides,  Mr.  Beck  described  three  al- 
ternative ways  to  develop  power  from 
heat,  the  magnetohydro  dynamic,  ther- 
moelectric and  thermionic  methods.  He 
then  dealt  more  fully  with  the  fuel  cell 
w'hich  a method  of  converting  fuel 
directly  to  electric  power  and  is  more 
advanced  in  development  than  the 
others.  Like  the  ordinary  battery,  the  fuel 
cell  is  a source  of  low  voltage  direct  cur- 
rent, but  unlike  the  battery,  the  fuel 
cell  does  not  store  energy,  it  merely 
converts  it.  It  can  be  described  as  an 
electrochemical  device  in  which  energy 
of  reaction  between  a conventional  fuel 
and  oxygen  is  converted  directly  and  use- 
fully into  low  voltage  direct  current 
electrical  energy.  Some  practical  applica- 
tions have  already  been  made  using 
hydrogen  as  the  fuel  to  power  portable 
radio  transmitters  and  receivers. 

Oakville 

E.  C.  Smith,  m.e.i.c. 

Correspondent 

At  a meeting  in  the  Royal  Oak  Hotel, 
Oakville,  on  February  22,  the  Branch 


members  heard  a talk  on  the  Douglas 
Point  Nuclear  Power  Project,  given  by 
R.  B.  V.  Simmons  of  Atomic  Energy  of 
Canada  Limited.  The  Project  is  now 
under  construction  near  Kincardine,  Ont., 
on  east  shore  of  Lake  Huron,  and  Mr. 
Simmons,  on  loan  to  the  A.E.C.L.  from 
Canadian  Westinghouse,  is  safety  engi- 
neer for  the  project. 

He  reviewed  the  factors  involved  in 
selection  of  the  site,  and  the  economic 
background  of  the  Project.  He  described 
the  station  and  the  reactor  with  its  as- 
sociated systems.  The  reasons  behind 
the  design  and  layout  were  discussed. 
Cross-feed  fuelling,  moderator  dumping 
and  other  special  features  of  the  CANDU 
(Canadian  Denterium  Uranium)  type  of 
natural  uranium  fuelled,  heavy  water 
cooled  reactor  were  covered.  Many  en- 
tirely new  design  problems  were  being 
met  and  overcome.  The  system  of  under- 
water fuel  storage  was  described. 

Mr.  Simmons  said  that  it  is  hoped 
this  purely  Canadian  type  of  reactor 
would  provide  an  answer  to  the  need  for 
economic  nuclear  power.  The  operation 
of  the  CANDU  reactor  would  be  demon- 
strated by  the  20  megawatt  (electric) 
N.P.D.  reactor  shortly  to  go  into  serv- 
ice at  Ralphton,  Ont.  The  full  scale 
Douglas  Point  Project,  of  200  MW  ( E ) 
capacity  is  scheduled  to  go  on  the  hne 
in  1965. 

Prince  Edward  Island 

Alex  Scott  was  the  guest  speaker  at  a 
meeting  held  February  28  at  the  Char- 


lottetown Hotel.  He  dealt  with  sevtll 
topics  including  the  difficulties  met  dLlti 
the  construction  of  the  Hülsborouilîi 
River  Bridge;  some  phases  of  the  C(i.i 
struction  of  the  Angus  L.  MacDon.ll 
Suspension  Bridge  at  Halifax,  and  so!>i 
features  of  the  proposed  P.E.I.  Cau’.J 
way.  Ï '* 

It  was  agreed  that  the  Department  ' i 
Mines  and  Technical  Surveys  in  Ottal 
should  clarify  some  of  the  queries  whit-i 
have  developed  regarding  the  different[,< 
in  the  water  levels  on  each  side  of  tii 
proposed  causeway.  According  to  Majj 
Ceneral  Young,  this  differential  may  ij 
as  much  as  seven  or  eight  feet.  This  I 
contradictory  to  the  information  foul 
in  the  tide  tables  issued  annually  by  t| 
Department.  These  tables  state  that  tidi 
from  the  Atlantic  enter  the  Gulf  throu| 
Cabot  Straits,  divide  near  the  Magdali 
Islands,  with  one  portion  entering  tl 
end  of  the  Northumberland  Strait,  tl 
other  entering  the  south  end,  and  boj! 
tides  intermingling  near  the  area  of  tl 
proposed  causeway  with  a similar  tid': 
range  in  each  case.  i 

The  members  were  disturbed  by  d 
announcement  that  the  idea  of  providir 
openings  in  the  causeway  was  being  coij 
sidered.  If  there  will  be  a difference  I 
tide  levels,  the  provision  of  openinjjii 
would  cause  excessive  rip  tides  whitfi 
might  cause  damage  to  the  causewif' 
even  if  there  is  to  be  only  a sligli 
differential.  The  members  felt  that  sorr| 
clarification  and  more  detail  technicj 
information  is  necessary.  | 


University  of  j 

British  Columbia  f 

J.  A.  Simpson,  s.e.i.c.  | 

Correspondent 

Eighteen  members  and  22  student 
visited  the  site  of  the  forthcoming  Seattl 
World  Fair  on  February  24  to  tour  thi 
construction  of  the  fairgounds.  Mi 
Christianson,  Chief  Engineer,  Centur! 
21,  arranged  the  tour  and  provided  thf 
group  with  three  guides.  The  tour  di(| 
not  provide  the  technical  informatioil 
potentially  available  from  such  a projecll 
however,  the  monorail,  the  space  needk 
and  the  large  number  of  buildings  re!' 
cently  constructed  in  a relatively  small: 
area  proved  very  impressive.  ji 

Sixty  members  and  40  students  at} 
tended  a Student’s  Night  held  March  (|1 
at  Oscar’s  Steak  House.  After  a smoij' 
gasbord  dinner,  three  students  presentecji 
papers  in  the  annual  students’  pape 
competition.  Dick  Zingle  spoke  on  watei 
purification,  in  particular,  the  extractiorj 
of  pure  water  from  sea  water.  Pauf 
Picha  spoke  on  pre-consolidation  of  pea 
in  road  construction,  and  Roy  vai 
Ryswyk  on  the  filhng  and  draining  oi‘ 
glacier  lakes.  First  prize  was  won  b); 
Mr.  Zingle. 

The  evening  ended  with  a lively  pane, 
discussion  which,  judging  by  the  excel- 
lent response  and  the  sometimes  heatecli 
retorts,  was  a success  and  proved  thal: 
all  engineers  are  not  as  apathetic  as  onei 
of  the  panelists  suggested.  ! 
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I V estern  Ontario 

liavid  Fader,  s.e.i.c. 
orrcspondent 

C.  Chorley,  an  associate  in  the  con- 
ilting  firm  of  M.  M.  Dillon  & Co.,  was 
le  guest  speaker  at  the  March  13 
eeting.  In  liis  talk  entitled,  “Me- 
j lanical  Engineering  in  a Consulting 
[ irm  , Mr.  Chorley  gave  a general  re- 
; jinie  of  heating,  plumbing,  refrigera- 
j .oil,  air-conditioning  and  the  outside 
rainage  of  buildings,  mentioning  several 
f ides  and  guidebooks  as  references.  He 
I ealt  also  with  building  fire  protection 
i I'ld  sound  attenuation  in  the  ductwork. 

, Ians  for  the  new  mens’  residence  were 
j unin  and  discussed.  Many  questions 
[ ere  answered  from  the  very  informa- 
I \e  talk.  Mr.  Chorley  was  thanked  by 
. Dunsmoor. 


I BlU 

[ You  know,  John,  I was  sur- 
prised to  hear  you  remark  last 
night  you  were  disappointed  to 
see  the  small  turnout  at  your 
Branch  meeting  the  other  night 
j when  Al  Electric  spoke  on  a sub- 
I ject  you  considered  to  be  out- 
[ standing.  I have  no  doubt  it  was 
outstanding  because  Al  Electric 
is  one  of  those  engineer -scien- 
tists who  is  helping  to  push 
back  the  frontiers  of  knowledge, 
i and  make  know-how  available. 
He  is  playing  a vital  role  in 
developing  new  elements  of  our 
economy.  This  is  sometimes  the 
case,  John. 

Often  an  expert  does  not 
prove  to  be  a “crowd  puller”. 
On  the  other  hand,  if  the  people 
who  participated  in  the  meet- 
ing, and  particularly  in  the  dis- 
cussion, grasped  something  of 
the  speaker’s  vision,  then  it  was 
a first-rate  meeting.  It  is  the 
quality  of  participation  which 
counts,  not  the  numbers. 

I'll  be  looking  forward  to 
seeing  you  the  next  time  you  are 
in  town. 


Yours  sincerely. 


For  today’s  large  scale 
pumping  needs  • • • 


Specify  a modern 

SUMO  SUBMERSIBLE  PUMP 

Here  is  the  latest  thing  in  large  scale  pumping  from  deep  wells  — 
the  Sumo  Submersible.  The  entire  unit,  motor  and  pump,  operates 
inside  the  well  where  it  is  protected  against  damage  from  floods, 
freezing  or  tampering.  No  pump  house  is  needed. 

Proved  and  tested  by  almost  half  a century  of  service  in  installa- 
tions all  over  the  world.  Sumo  Submersibles  will  give  years  of 
troublefree,  maintenance-free  service.  Capacities  range  up  to  2000 
gpm.  Power  ratings  range  from  1 /3  hp  to  120  hp. 

What's  more,  installation  is  exceedingly  simple.  The  unit  is  simply 
attached  to  the  end  of  the  discharge  pipe  and  lowered  into  the 
well  casing.  There  are  no  drive  shafts  or  bearings  or  alignment 
problems  to  give  trouble.  And,  because  the  pump  is  coupled  di- 
rectly to  the  motor,  more  efficient  use  of  power  is  obtained. 

Sumo  offers  technical  advice  and  assistance  in  selecting  and  apply- 
ing submersible  pumps  to  your  needs.  There's  no  obligation. 


BULLETIN  B-1000 

has  full  information  on  Sumo  high-capacity 
pumps.  Call  or  write  for  your  copy.  Also  re- 
quest data  on  Sumo  extra  high  capacity 
120  hp  units. 


SUMO  SUBMERSIBLE  DRAINER  PUMPS 

for  pumping  water  containing  high  percentages  of  solids.  Write 
BULLETIN  B-1100  for  details  on  these  rugged,  heavy  duty  pumps 
designed  for  drainage,  flooding  or  general  service  pumping. 


OTwa  is'iBiiErisiLiîEr  î-"' 

7035  GRAND  AVE.,  MONTREAL  10,  P.Q.  CR.  1-2397 


SUMO  PUMP  DISTRIBUTORSHIPS  OPEN  — INQUIRIES  SOLICITED 
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“symposium  on  current  research  on 

MOTOR  GASOLINE  WHICH  MAY  AFFECT 
FUTURE  SPECIFICATIONS. 

A review  of  current  trends  in  the 
characteristics  of  motor  gasohne  is  pre- 
sented in  this  symposium.  Various  sec- 
tions deal  with  the  combustion  charac- 
teristics and  properties  of  motor  gasoline, 
gasoline  composition,  and  engine  re- 
quirements. ( Philadelphia,  American  So- 
ciety for  Testing  and  Materials,  1961. 
104  p.,  $3.00  s.t.p.  298.) 


FRASER  S CANADIAN  TRADE  DIRECTORY, 

1961. 

As  usual,  the  Trade  Directory  is  a 
mine  of  information.  Its  main  section 
is  a classified  list  of  products,  together 
with  their  manufacturers  and  distribu- 
tors in  Canada.  Also  included  are  lists 
of  Canadian  manufacturers,  trade  names, 
and  U.S.,  British  and  foreign  manu- 
facturers and  their  Canadian  agents. 
The  market  data  section  includes  in- 
formation on  trade  commissioners. 
Chambers  of  Commerce,  banks,  central 
power  stations,  public  utilities,  and 
cities  and  towns  in  Canada  with  a popu- 
lation of  over  2000.  (Montreal,  Fraser, 
1961.  1876  p.,  $12:50.) 


Designed  and  Built-to-Order 


The  C.M.C.  Special  Purpose  Machine 
Division  is  ready  to  assist  your  company 
on  any  special  machinery  problem.  We 
have  complete  facilities  plus  broad  ex- 
perience in  designing  and  building  machi- 
nes for  special  applications.  Our  engi- 
neers are  at  your  service.  Working  alone 
or  in  close  co-operation  with  your  engi- 
neering department,  they  will  develop 
the  machine  best-suited  for  your  job. 


C.M.C.  2'/,"x  120  ' HOT  SLAB 
CROP  SHEAR 


Shear  Pressure 
Maximum 

Maximum  Stroke 

Slab  Capacity 

Maximum  Hydraulic 
Pressure 

Height  over  all 

Length  over  all 

Width  over  all 

Approximate 

Weight 


850  Tons 

10  Inches 

2>/2  In.  X 120  In. 

1500  PS  I 

15  Feel 6 Inches 
15  Feet 

5 Feet  10  Inches 
85  Tons 


Consult  us  without  obligation 


CANADA  MACHINERY  CORPORATION  LTD. 

GALT,  ONTARIO,  CANADA 


MANAGEMENT  GUIDE  TO  EFFECTIVE 


COMMUNICATION  IN  BUSINESS. 


The  ability  to  communicate  is  vital  tj  1 
those  in  business,  but  the  art  of  reallj  i 
effective  communication  is  possessed  b ♦ 
all  too  few.  ' > 

This  brief  “guide”  considers  both  orrj 
and  written  eommimications,  with  th' 
emphasis  on  the  former.  The  authors  dis 
cuss  the  goals  of  communication,  thi 
keys  to  effective  speaking,  and  the  dffi 
ferences  in  technique  required  for  speak! 


ing  to  groups  and  to  individuals.  Th' 


second  part  of  the  book  contains  sugges 
tions  for  improving  written  communical 
tions,  for  in  this  field,  the  authors  stab 
“any  business  men  are  still  in  the  smoke' 
signal  stage.”  (B.  T.  Lewis  and  W. 
Pearson.  New  York,  Rider,  1961.  57  p., 
$1.25.) 


DESIGN  OF  FISHWAYS  AND  OTHER  FISH 
FACILITIES. 


Although  fishways  have  existed  fo: 
more  than  300  years,  it  is  only  in  mon 
recent  times  that  any  real  research  ha; 
been  done  on  the  problems  involved 
This  text  provides  information  on  the 
fundamentals  of  fishway  design  anc 
location,  and  water  control.  The  autho: 
is  the  Chief  Engineer  of  the  DepartmenI 
of  Fisheries  on  the  Pacific  Coast,  anc 
much  of  his  book  is  based  on  the  prac- 
tices there.  Fishways  at  natural  obstruc- 
tions and  fishways  at  dams  are  con- 
sidered in  detail,  and  other  chapters! 
cover  fish  locks,  fish  elevators,  countingl 
fences,  barrier  dams,  fish  screens  andJà 
artificial  spawning  channels.  Appendice: 
cover  methods  of  capturing  salmon,  am 
the  hydraulics  involved  in  the  desi; 
of  fishways.  (C.  H.  Clay.  Ottawa,  De 
partment  of  Fisheries,  1961.  301  p. 
$5.00.  Buy  from  Queen’s  Printer,  cat. 
no.  Fs  31-1961/1.) 


THE  APPLIED  SCIENCE  OF  RUBBER. 


A practical,  comprehensive  review  of 
modem  mbber  technology.  Written  by 
persons  with  extensive  industrial  experi- 
ence, the  chapters  cover  natural  and 
synthetic  latices;  the  chemistry  and 
stmcture  of  natural  mbber;  synthetic 
rubber;  reclaimed  mbber;  processing, 
compounding,  and  reinforcement;  elas- 
ticity and  dynamic  properties  of  rabbers; 
testing  of  mbber  and  finished  products; 
the  fundamentals  and  technology  of 
ebonite;  vulcanization;  and  rubber  aging. 
(W.  J.  S.  Naunton.  London,  Edward 
Arnold,  1961.  1191p.,  £8.8.0) 


It  ( 
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T 


'EINFUHRUNG 


KONTINUUMS- 


MECANIK. 

This  introduction  to  the  mechanics  of! 
continua  is  intended  as  a prefiminary  to 
more  advanced  and  speciafized  treat-; 
ments  of  hydrodynamics,  gas  dynamics, 
elasticity  and  plasticity.  It  presents  thejj 
fundamentals  of  tensor  calculus,  and  the  ; 
mathematical  representation  of  states  of  - 
motion  and  stress,  ideal  and  viscous  ' 
liquids,  ideal  plastic  and  visoplastic  ma-  ; 
terials,  and  deformation.  Review  prob-  ' 
lems  are  provided  in  an  appendix.  ( Wil- 
liam Prager.  Basel,  Birkhauser  Verlag, 
1961.  228p.,  SEr.  32.50.) 
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GIANT  FLAGSHIP 
OF 

TRANS-CONTINENTAL 


GAS  OISTRIBUTION  FLEET 


450,000  cu.  ft.  capacity  tank  trailer.  Liquid  oxygen-carrying  tanker  for  Typical  L.A.  service-supply  truck. 

supplying  bulk  installations. 

The  1,700,000  cu.  ft.  capacity 
of  Liquid  Air’s  mammoth  size 
railroad  vacuum  type  tank  cars  would  fill 
nearly  7000  standard  oxygen  cylinders. 

Canadian  Liquid  Air  has  two  of  these 
giants  in  operation,  the  largest  of  their 
type  in  the  world  and  the  only  ones  in 
Canada.  These  and  our  other  tank  cars  are 
part  of  our  nationwide  distribution  net- 
work of  rail  and  road  carriers  bringing 
vital  gases  to  industries  and  hospitals 
across  Canada.  With  Liquid  Air  plants  in 
every  industrial  center,  supported  by  700 
L.A.  dealers,  stores,  branch  offices  and 


depots,  users  of  L.A.  gases  from  coast  to 
coast  can  depend  on  a ready  supply,  re- 
gardless of  their  location  or  requirements. 


OXYGEN  . ACETYLENE 
HYDROGEN  . ARGON  . NITROGEN 
OTHER  INDUSTRIAL  GASES 
MEDICAL  GASES  AND  MIXTURES 
by  direct  pipeline,  in  bulk  or  in  cylinders 
TECHNICAL  SERVICES 


Canadian  LIQUID  AIR  Company 

LIMITED 

700  supply  points  throughout  Canada 
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WON’T  SMEAR  ON 
MYLAR 


MARS 

LUMOGRAPH 

“DURALAR”  PENCILS  & LEADS 


The  only  kind  that  can’t  smear,  keeps  a 
point  and  erases  on  Mylar.  Duralar  draw- 
ings on  Mylar  reproduce  perfectly,  Micro- 
film without  loss  of  detail,  can  even  be 
cleaned  with  soap  and  water.  Duralar  is 
available  (pencils,  leads  and  lead  holders) 
in  five  special  degrees  of  hardness  (K1  to 
K5).  Mars  Lumochrom  colored  pencils 
with  same  lead  structure — in  24  colors 
—all  colors  reproduce.  At  better  engi- 
neering and  drafting  material  suppliera 
J.  S.  Staedtler  Canada  Ltd.,  Toronto. 

I FREE SAMPUE-SEND COUPON 

I J.  S.  Staedtler  Canada  Ltd.  6i-ir 

1 70  Belfield  Road,  Rexdale  (Toronto),  Ont. 

I Please  send  me  FREE  □ A sample  Duralar 
I Pencil  □ Include  a sample  of  Mylar  for  testing 
I □ Booklet  ’'Advantages  of  using  Mylar  draft- 
I ing  film” 

I NAME TITLE 

j FIRM 

I STREET 

I CITY _PROV. ^ 


• Library  Notes 
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*piLE  FOUNDATIONS,  2nd  cd. 

The  theory,  design,  installation,  main- 
tenance, and  repair  of  pile  foundations 
are  presented.  In  this  edition  the  sub- 
jects of  ship  impact  and  wave  forces  on 
piled  wharves  and  jetties  have  been 
considerably  expanded.  Design  charts 
have  been  added  to  make  information 
in  this  area  conveniently  available.  The 
chapter  on  soil  solidification  has  been 
brought  up  to  date,  standard  specifica- 
tions have  been  revised  to  current  issues 
and  new  ones  have  been  included,  and 
the  sections  on  drilled  piles  and  caissons 
have  been  rewritten.  ( R.  D.  Chellis. 
Toronto,  McGraw-Hill,  1961.  704p., 

$18.50.) 

“dyamic  optimization  and  control. 

The  dynamic-system  control  problem 
is  viewed  as  the  proper  manipulation  of 
plant  inputs  to  optimize  plant  perform- 
ance. Methods  are  described  for  obtain- 
ing a control  law  that  specifies  optimum 
plant  inputs  as  a function  of  measured 
system  state  and  the  available  statistical 
j data  on  plant  disturbances.  The  compu- 
tation of  solutions  for  such  practical 
problems  as  vehicle  stabilization,  trajec- 
tory control,  chemical  process  control, 
and  inventory  control  is  demonstrated, 
and  it  is  explained  how  spatial  analog 
computers  can  be  applied  as  optimizing 
controllers.  (Walerian  Kipiniak.  New 
York,  Wiley,  1961.  233p.,  $4.95.) 

A FIVE-ATTRIBUTE  SYSTEM  OF 
I DESCRIBING  APPEARANCE. 

An  extension  of  the  three-attribute 
system  of  colour  description,  a major 
contribution  to  the  science  of  describing 
engineering  materials.  This  revised  ver- 
sion of  a paper  published  some  25  years 
ago  was  prepared  at  the  request  of  the 
ASTM  Committee  on  Aluminum  Fin- 
ishes. In  this  system,  the  nonshape,  non- 
textural  aspects  of  visual  appearance  are 
classified  by  four  modes  of  appearance, 
aperture,  illuminant,  volume  and  surface. 
( D.  B.  Judd.  Philadelphia,  American  So- 
ciety for  Testing  and  Materials,  1961. 
15p.,  $1.00.  s.t.p.  297.) 

BIBLIOGRAPHY  AND  ABSTRACTS  ON 
ELECTRICAL  CONTACTS,"  1960 
SUPPLEMENT. 

187  abstracts  of  papers  and  books, 
the  majority  of  which  were  published  in 
1960.  All  aspects  of  electrical  contacts 
and  devices  which  utilize  electrical  con- 
tracts are  covered.  (Philadelphia, 
American  Society  for  Testing  and  Ma- 
terials, 1961.  47p.,  $4.50.  s.t.p.  56-0.) 

DIRECTORY  OF  DIRECTORS,  1961. 

An  alphabetical  listing  of  almost  eleven 
thousand  Canadian  directors  and  com- 
pany officials,  showing  their  executive 
positions  and  directorships.  Also  listed 
are  2300  Canadian  companies  with  their 
boards  of  directors  and  executive  of- 
ficers. A most  useful  directory.  (Toronto, 
Maclean-Hunter,  1961.  617p.,  $15.00.) 


STANDARDS  REFRIGERATION  AND  AIR  U 

CONDITIONING  QUESTIONS  AND  I 

ANSWERS.  ; 

Intended  primarily  for  those  engage} 
in  operating,  servicing  and  installing  nj 
frigerating  and  air  conditioning  equiy 
ment,  this  text  will  also  prove  useful  t| 
students  and  many  others.  The  questiorij  • 
are  divided  by  subject,  and  cover  every; 
thing  from  fundamentals  to  the  latest  de 
velopments  in  absorption  systems,  an 
cryogenics.  The  topics  covered  includ'  i 
refrigerants,  compressors,  condenser^ 
controls,  piping,  defrosting,  motors  an! 
drives,  cooling  towers,  cooling  water  an'|' 
safety.  A useful  section  covers  licensf 
requirements  for  refrigeration  and  aif 
conditioning  engineers  in  Canada  an| 
the  United  States.  ( S.  M.  Elonka  an| 
Q.W.  Minich.  Toronto,  McGraw,  19611' 
253p.,  $7.30.) 


INTERNATIONAL  AND  METRIC  UNITS  Ol|  ) 
MEASUREMENT.  | ^ 

A report  on  the  most  recent  changejii 
in  standard  units  of  measurement,  madi:| 
by  international  agreement,  including  thij  | 
new  definition  of  the  meter,  the  tesla'ij 
and  the  international  pound.  Units 
measurement  are  included  for  angulalL 
measure,  area,  atomic  energy  units,  denB 
sity  and  concentration,  electrical  unitsljiji 
energy,  flow,  force,  length,  magneti(|4'. 
units,  mass,  power,  pressure,  time,  velocjA 
ity  and  volume.  Much  of  the  data  i'i  ■ 
given  in  tabular  form.  A detailed  indeai  i 
increases  the  value  of  this  very  usefu  l 
book.  (M.  H.  Green.  New  York,  Chemi  ! i 
cal  Publishing,  1961.  116p.,  $6.00.)  I 


ATOMS  AND  MEN.  j 

The  author,  an  internationally  knowis 
atomic  physicist,  has  written  a sensitivfli 
book  on  the  usefulness  of  science,  ancji  „ 
the  conditions  it  requires  in  order 
thrive.  He  writes  of  the  excitement  oil 
discovery,  of  nuclear  research  centres  ir| 
the  United  States,  of  international  sci!i 
entific  meetings,  the  place  of  France  irl! 
research,  the  French  technical  educatior;’  i 
system,  and  finally,  the  place  of  present^  ■ 
day  scientific  knowledge  in  the  Christiari:  ii 
faith.  (Louis  Leprince-Ringuet.  Toron-l;  ' 
to.  University  Press,  1961.  118p.,  $3.00.  )| 


ARMATURES  AND  FIELD  COILS.  ( 

Although  small  electric  motors  are  irj 
such  wide  general  use,  comparativelya 
little  has  been  written  about  armaturesjj 
and  field  coils.  This  volume  deals  witfjji 
armatures  of  up  to  2 h.p.  in  commonj 
use,  and  covers  both  lap  and  wave' 
winding,  insulation,  various  types  of; 
commutator  and  connections,  and  arma-| 
hire  testing.  Field  systems  are  also 
covered  in  detail.  Different  types  olj 
coil  are  discussed  and  winding  methods 
described,  as  are  the  various  tests  to  use.! 
A final  chapter  is  concerned  with  me- 
chanical design  and  construction  of. 
motors.  A series  of  articles  which  ap-j 
peared  in  The  Electrical  Times  form  the; 
basis  of  this  volume.  ( Karl  Wilkinson.! 
London,  Spon,  1961.  224p.,  35/-.)  'i 
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iROCEEDINGS  OF  THE  23rd  AMERICAN 
lOWER  CONFERENCE,  1961. 

. Sponsored  by  the  Illinois  Institute  of 
(echnology  and  other  universities  and 
)cieties,  the  Conference  aims  to  pro- 
lide  a forum  for  the  discussion  of  prob- 
■m  and  the  exchange  of  information, 
■'he  papers  presented  emphasize  the 
ractical  rather  than  the  theoretical  point 
f view. 

The  various  sessions  covered  nuclear 
ower  plants;  central  stations,  boilers, 
jencrators,  etc.;  power  plant  auxiliaries; 
tmospheric  pollution;  fuels;  steam 
enerators;  personnel  training;  the  eco- 
pmics  of  plant  operation;  industrial 
•ater  technology;  peaking;  high-voltage 
jransmission;  automation;  system  plan- 
ing and  operation,  electric  distribution; 
pparatus.  (Chicago,  Illinois  Institute  of 
technology,  1961.  953p.,  $10.00.) 


^ WENTY-YEAR  ATMOSPHERIC  CORROSION 

'nvestigation  of  zinc-coated  and  UN- 

1 DATED  WIRE  AND  WIRE  PRODUCTS. 

I The  results  of  research  commenced 
|n  1936,  and  still  continuing,  as  part  of 
I programme  to  evaluate  the  atmos- 
j)heric-corrosion  resistance  of  various 
.netallic  coatings  and  treatments  of  wire, 
rhe  investigation  established,  among 
lither  things,  that  the  life  of  a zinc- 
loated  wire  is  proportional  to  the  weight 
|»f  coating;  that  the  time  rate  of  loss  of 
inc  is  linear;  that  the  corrosion  rate  of 
;inc  coating  is  independent  of  the 
jnethod  of  coating;  that  strengths  of 
I'opper  and  lead-coated  wires  are  not 
I ignificantly  affected  after  20  years. 
F.  M.  Reinhart.  Philadelphia,  Ameri- 
•an  Society  for  Testing  and  Materials, 
i.961.  141  p.,  $5.50.) 


I 

! 

■rABLES  NUMERIQUES  DE  FONCTIONS 
jELEMENTAIRES. 

j The  values  given  in  these  tables  were 
)btained  on  an  electronic  calculator.  The 
ables,  which  are  intended  primarily  for 
ise  by  under-graduates,  cover  elemen- 
ary  functions:  square  and  cube  roots; 
ixponentials  and  hyperbolic  functions 
'Japierian  and  decimal  logarithms;  tri- 
gonometric functions;  radians;  conver- 
lion  of  angles;  mathematical  constants. 
J.  Laborde.  Paris,  Dunod,  1961.  149p., 
[12  NF.) 


PRINCIPLES  DE  STATISTIQUE 
.MATHEMATIQUE. 

Intended  primarily  for  students  in 
psychology  and  the  humanities,  the  text 
jives  the  general  ideas  of  logical  order 
and  the  calculation  of  probabilities,  by 
the  use  of  concrete  examples.  Also 
-overed  are  the  binomial  theory,  and 
their  relation  to  the  theories  of  Laplace 
md  Poisson.  The  author  shows  how 
these  theories  and  ideas  can  be  applied 
to  such  things  as  the  calculation  of  para- 
meters, comparing  two  samples,  etc.  (A. 
Fortrat.  Paris,  Dunod,  1961.  163p.,  16 
NF.) 
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MESURES  ELECTRIQUES  ET 
ELECTRONIQUES. 

In  this  volume  the  author  presents  an 
over-all  view  of  electric  and  electronic 
measurements,  and  discusses  the  differ- 
ent measuring  instruments  and  methods 
of  measuring. 

After  introductory  chapters  on  electric 
units,  the  principles  of  measurement,  the 
various  types  of  electric  motor,  and  the 
quality  and  accuracy  of  measurements, 
the  author  discusses  the  use  of  elec- 
tronics in  measuring  instruments.  The 
main  part  of  the  book  is  concerned  with 
instruments  for  the  various  measure- 
ments: voltage,  and  its  sources;  intensi- 
ties; resistance;  impedance;  quantities  of 
electricity;  magnetic  induction;  fre- 
quency; displacement;  trransmission  of 
current;  recorders;  the  cathode-ray  os- 
cilloscope. (Jacques  Thurin.  Paris, 
Eyrolles,  1961.  431p.,  54.55  NF.) 


PROTECTION  PAR  PROJECTION  AU 
PISTOLET. 

Intended  primarily  for  the  corrosion 
expert,  this  volume  provides  a review  of 
the  different  methods  of  the  use  of  a 
spray  gun,  and  of  the  preparation  of 
the  surfaces  to  be  protected.  After  an 
introductory  chapter  on  the  mechanics 
of  corrosion,  the  author  discusses  the 
principles  of  coating  by  metallizing,  the 
different  types  of  coating  to  be  used 
against  wet  and  dry  corrosion,  and  for 
the  protection  of  plastics  used  in  con- 
tact with  acid,  and  of  refractories.  The 
text  of  the  French  standard  on  the  sub- 
ject is  included,  as  well  as  the  numbers 
of  the  relevant  CSA,  BSI  and  ASTM 
ones.  (P.  Orlowski  and  J.  Cauchetier. 
Paris,  Dunod,  1961.  93p.,  14  NF.) 

TRAITE  THEORIQUE  ET  PRATIQUE  DES 
ENGRENAGES,  f.2.,  3.  éd. 

In  this  second  volume,  M.  Henriot 
considers  the  problems  concerned  with 
the  manufacture  and  assembly  of  gears. 
The  first  chapters  cover  the  various 
types  of  gear  teeth  and  their  manufac- 
ture. Other  chapters  deal  with  worm 
gears;  grinding  of  gears,  parallel  and 
conical;  shaving  of  gear  teeth;  metrol- 
ogy, lubrication;  heat  treatment;  con- 
trol. As  with  all  M.  Henriot’s  books, 
this  contains  a wealth  of  information, 
and  is  well  illustrated.  ( G.  Henriot. 
Paris,  Dunod,  1961.  543p.,  78  NF.) 

“energy  conversion  for  SPACE  POWER. 

This  book  is  volume  III  in  the  Am- 
erican Rocket  Society’s  Progress  in 
Astronautics  and  Rocketry,  and  is  the 
first  of  two  volumes  of  papers  from  the 
ARS  Space  Power  Systems  Conference 
held  with  the  cooperation  of  AIEE  in 
September  1960.  The  papers  are  con- 
cerned with  the  scientific  and  engineer- 
ing principles  involved  in  the  conversion 
of  various  types  of  energy  into  electrical 
energy.  They  deal  with  thermoelec- 
tricity, thermionics,  photovoltaic  cells, 
electrochemical  cells,  dynamic  engines, 
magnetohydro  dynamics,  and  electrosta- 
tic generators.  (N.  W.  Snyder.  New 
York,  Academic,  1961.  779p.,  $7.25.) 

(Continued  on  page  108) 
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with  less  steel/ 


HI-BOND 
REINFORCING 
BARS  OF  HIGH 
STRENGTH  STEEL 


In  modern  concrete  construction  you 
can’t  afford  “dead”  weight.  Burlington’s 
Hi-Strength  bars  save  material  and  re- 
duce “dead”  load.  Write  for  additional 
information. 

Conforming  to  C.S.A.  Specifications 
G30.2,  G30.6,  for  sizes  3 to  11— guaran- 
teed 50,000  psi  minimum  yield  point, 
and  sizes  14S  and  18S  to  A.S.T.M. 
specification  A408-58T. 

Also  available  by  arrangement,  special 
grade  60,000  psi  minimum  yield  point 
and  A.S.T.M.  A-431  (75,000  psi  mini- 
mum yield  point). 

•10-6115 

Burlington  Steel  Company 

Division  of  Slater  Steel  Industries  Limited 

HAMILTON 
ONTARIO 
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“PLANT  layout:  factors,  PRINCIPLES, 
AND  TECHNIQUES. 


The  problem  of  preparing  a plant  lay- 
out, and  the  collection  of  technical  data 
necessary  for  making  preliminary  as  well 
as  final  decisions  are  discussed.  Eight 
sections  cover  the  concept  of  plant  lay- 
out, preliminary  analysis,  materials 
handling,  layout  patterns,  the  provision 
of  services,  office  layout,  the  presenta- 
tion of  the  layout,  and  plant  location. 

Appendices  describe  quantitative 
evaluation  techniques.  { Ruddell  Reed. 
Homewood,  111.,  Irwin,  1961.  459p., 

$10.65.) 


ing  the  macroscopic  electromagnetic  ef- 
fects of  materials  in  electrical  systems. 
Finally,  the  reader  is  introduced  to  the 
general  problem  of  applying  electrical 
theory  to  the  analysis  of  physical  sys- 
tems. (J.  M.  Ham  and  G.  R.  Slemon, 
New  York,  Wiley,  1961.  816p.,  $9.95.) 


INTERNATIONAL  MINERAL  PROCESSING 

CONGRESS,  1960. 


: 


MODERN  CIVIL  ENGINEERING  PRACTICE. 


“SCIENTIFIC  BASIS  OF  ELECTRICAL 
ENGINEERING. 


A single  broad  conceptual  foundation 
is  presented,  on  the  basis  of  which  the 
reader  can  proceed  to  the  specialized 
study  of  energy  conversion,  electronics, 
circuits,  transmission,  and  radiation.  The 
authors  develop  the  basic  theory  of  elec- 
trical phenomena  beginning  with  electro- 
statics in  vacuum  and  progressing  to 
general  electrodynamic  relations.  Then 
tile  atomic  structure  of  matter  is  dis- 
cussed to  establish  a basis  for  interpret- 


A  review  of  current  civil  engineering 
practice,  with  the  emphasis  on  British 
methods  and  achievements.  The  various 
chapters  have  been  written  by  experts, 
and  the  general  editor  is  Rolt  Ham- 
mond, well  known  for  his  books  on  engi- 
neering topics. 

Achievements  and  practices  in  all  as- 
pects of  civil  engineering  are  discussed: 
the  nuclear  programme;  road  construc- 
tion; bridges;  railroads;  tunnelling; 
water  supply  and  irrigation;  hydro- 
electric power;  dam  construction;  photo- 
grammetry.  There  are  also  interesting 
and  useful  chapters  on  organisation  and 
policy  in  civil  engineering  contracts;  the 
achievements  of  British  civil  engineers 
abroad;  the  development  of  mechanical 
equipment;  safety  on  the  construction 
site;  and  fire  protection.  There  is  also 
some  information  on  the  future  pros- 
pects in  civil  engineering,  and  civil  engi- 
neering as  a career.  (Ed.  by  Rolt  Ham- 
mond. London,  Newnes,  1961.  493p., 
£4.) 


The  proceedings  of  the  fifth  intei 
national  congress  on  mineral  dressing 
held  in  London  in  1960,  this  volurr, 
contains  the  text  of  the  52  papers  prej 
sented,  as  well  as  the  discussion  the) 
aroused.  The  papers  were  divided  int 
nine  sessions  and  covered:  comminnl 
tion;  classification  and  thickening;  flota 
tion  research;  flotation  practice;  gravit' 
and  dense  media  separation;  magneti 
and  electrical  separation,  sorting;  chemi 
cal  processing;  process  study;  contro? 
and  testing.  \ 

The  papers  are  all  in  English,  witll 
abstracts  in  French,  German  and  Rus 
sian.  They  were  presented  by  expert 
from  all  over  the  world,  including  Canl  ' 
ada.  The  volume  is  well  illustratedi 
bibliographies  are  included,  as  is  ai| 
index.  ( London,  Institution  of  Minin; 
and  Metallurgy,  New  York,  Heinmanjlï 
1960.  1118p.,  $20.00) 


I 


PH  MEASUREMENT  AND  TITRATION. 


Intended  to  be  primarily  practical  iri 
nature,  this  volume  introduces  theol 
retical  concepts  only  where  they  areS 
closely  relevant  to  practical  goals.  Thfj 
main  emphasis  is  on  e.m.f.  methods  ol| 
pH  measurement,  although  colorimetricl 
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TRUSCON 

STEEL  WINDOWS  and  DOORS 


ARCHITECTURAL 
PROJECTED  WINDOW 


Bc^dsrizbd 

!thBAK£l>  PTUfir  PMS^ 
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TRUSCON  Steel  Windows  and  Doors  with  the  bonderized  and  *baked 
painted  finish  are  winning  the  acclaim  of  building  people  everywhere 
. . . Specify  TRUSCON  bonderized  and  painted  STEEL  windows  and 
doors— Canada's  top  standard  of  quality  at  "down-to-earth"  cost . . . 
Immediate  delivery  too. 


DOMINION  STEEL  AND  COAL  CORPORATION,  LIMITED 


TRUSCON  STEEL  WORKS 


^ kA  SALLE,  QUEBEC 


SALES  OFFICES: 

WALKERVILLE  - TORONTO  - WINNIPEG  - MONTREAL 
REPRESENTATIVES: 

Halifax  - St.  John's,  Nfid.  - St.  John,  N.B.  - Quebec  City  - Ottawa  - Regina 
Calgary  - Edmonton  - Vancouver 
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!»  Library  Notes 

(Continued  from  page  lOS) 

ccliniques  are  discussed.  The  topics 
'■overed  include  buffer  solutions;  pH 
neasuring  electrodes;  reference  elec- 
rodes;  liquid  junctions;  E.M.F.-tem- 
lerature  characteristics  of  pH  cells;  la- 
<orator>'  pH  measurements  with  glass 
lectrode;  industrial  pH  measurements 
md  automatic  pH  control;  laboratory  pH 
itrations;  non-aqueous  acid-base  titra- 
ions;  and  automatic  pH  titrations. 
There  is  an  e.xtensive  chapter  on  pH 
neasiuing  instruments.  ( G.  Mattock. 
Tilt,  Brett-Macmillan,  1961.  406p., 

114.50.) 


FLOW  MEASUREMENT  AND  METERS, 

2nd  ed. 

Since  the  publication  of  the  first  edi- 
,ion  of  this  book  in  1949,  there  have 
oeen  considerable  advances  in  the  tech- 
niques of  flo^^'  measurement.  In  this 
îdition,  new  material  has  been  added  on 
differential  pressure  meters,  the  electro- 
magnetic flow  meter,  ultrasonic  flow 
Smeters  on  which  research  is  in  progress, 
transducers,  and  flow  summation, 
i Information  on  the  older  types  of 
flow  meter  has  been  retained,  as  they 
are  still  of  interest,  and  the  basic  prin- 
Iciples  involved  are  still  valid.  The  topics 
(covered  include  mechanical  flow  meters, 
jshunt  flow  meters,  variable-aperture  flow 
Imeters,  open-channel  flow  meters,  river- 
flow  gauging,  and  telemetering. 

, The  book  presents  a theoretical  and 
practical  revieu'  of  the  present  state  of 
the  science  of  measurement  of  the  flow 
of  liquids  and  gases,  through  open  or 
closed  channels,  under  industrial  condi- 
tions. (A.  Linford.  London,  Spon,  1961. 
430p.,  70/-.) 


PLANT  PRODUCTION  CONTROL,  3rd  ed. 

Modernized  and  largely  rewritten, 
this  edition  features  a new  arrangement 
of  chapters  grouped  to  show  first  con- 
tributing functions  and  then  actual  func- 
tions for  controlling  the  flow  of  ma- 
terials through  any  type  of  manufac- 
jturing  establishment.  New  chapters  have 
|been  added  on  the  use  of  digital  com- 
jputers  in  production  control,  operations 
j research  and  data  automation,  and  cycle 
j.scheduling.  The  latter  is  a carefully 
i planned  mathematical  procedure  for 
scheduling  the  setups  of  machining 
operations  for  each  order  of  parts  which 
are  to  be  included  in  the  cycle  program. 
Also  included  is  a suggested  outline  for 
installing  a production  control  .system. 
(C.  A.  Koepke.  New  York,  Wiley,  1961. 
373  p.,  $11.75.) 


NEW  BOOKS! 

Each  month,  the  Library  issues 
a list  of  all  the  hooks,  reports, 
pamphlets,  standards,  etc.,  added 
to  the  loan  collection  during  the 
previous  month.  Write  to  the 
Librarian  and  ask  to  have  your 
name  added  to  the  mailing  list! 


“heat-transfer  calculations  by 
FINITE  differences. 

The  practicing  enginer  has,  in  prin- 
ciple, a choice  between  analytical,  ana- 
log, and  finite-difference  methods  for 
the  solution  of  problems  in  temperature 
fields.  However,  in  many  instances,  a 
finite-difference  approach  will  lead  to 
economical  and  valid  computer  pro- 
grams. A reliable  and  comprehensive 
guide  to  finite-difference  methods  for 
heat-transfer  calculations  is  presented, 
and  is  illustrated  by  a series  of  examples 
covering  a wide  variety  of  applications. 
(G.  M.  Dusinberre.  Scranton,  Interna- 
tional Textbook,  1961.  293p.,  $12.75.) 


“theory  of  MARKOV  PROCESSES. 

Markov  processes  are  rigorously  de- 
fined, with  particular  emphasis  on  sta- 
tionary processes,  and  a detailed  analysis 
of  problems  pertaining  to  subprocesses 
of  Markov  processes  is  presented.  The 
author  also  discusses  the  construction 
of  Markov  processes  with  given  transi- 
tion functions,  the  theory  of  strong 
Markov  processes,  and  the  boundedness 
and  continuities  of  sample  functions  of 
Markov  processes.  A translation  from  the 
Russian.  ( E.  B.  Dynkin,  Englewood 
$11.95.) 

(Continued  on  page  120) 


One  of  the  Bristol  instrument  panels  at  Gore  & Storrie  Ltd.,  Consulting  Engineers 
Lakeview  Sewage  Treatment  Plant,  oper-  Schwenger  Construction,  General  Contractors 
ated  by  Ontario  Water  Resources  Commission 

Another  new 


installation  in  service 


A recent  Bristol  multi-panel  installation  is  at  the  Lakeview 
Sewage  Treatment  Plant,  built  and  operated  by  the  Ontario 
Water  Resources  Commission,  and  used  jointly  by  the 
Municipality  of  Metropolitan  Toronto  and  Toronto  Township. 
This  Bristol-built  installation  monitors  temperatures,  pressures, 
levels  and  flow  in  the  new  plant. 

Whenever  you  have  a problem  in  instrument  control 
engineering,  rely  on  Bristol's  specialized  experience.  Let 
Bristol  plan  the  economical,  practical  answer  for  you. 


For  information  and  literature,  write  or  call 

^ Brisiiol 

OI=  CAIM/XDXN  UIIVIITEO 

TORONTO  • MONTREAL  • HAMILTON  • CALGARY  • VANCOUVER 


B R I sTpO  L'S 
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• Developments 

(Continued  from  page  96) 

CRITERIA  FOR  JUDGING  the  quality 
of  steel  strapping  are  listed  and  ex- 
plained in  a 32-page  booklet  issued  by 
the  Canadian  Steel  Strapping  Company 
of  Scarborough,  Ont.  This  free  booklet, 
entitled  “The  Twelve  Qualities  of  Steel 
Strapping”,  discusses  the  uniformly  high 
strength,  adequate  elongation,  uniform 
thickness  and  width,  straightness,  safe, 
smooth  edges,  amongst  otlier  specifica- 
tions. Strapping  terms  are  defined, 
photographs  and  drawings  illustrate  this 
very  informative  booklet. 


NEWLY  DESIGNED  230  KV  I-T-E  air 
switches,  complete  with  insulators  are 
available  from  I-T-E  Circuit  Breaker 
Canada  Limited.  Due  to  the  use  of 
aluminum,  these  switches  are  27%  lighter 
in  weight  than  previous  designs.  A re- 
duction in  weight  of  the  current  carry- 
ing parts  reduces  the  mechanical  duty 
on  the  bearings  and  switch  bases,  and 
this  lighter  duty  on  the  components,  in 
conjunction  with  a different  design  ap- 
proach, makes  possible  a considerable 
weight  reduction  on  the  switch  bases, 
bearings  and  gear  box. 


AN  INDUSTRIAL  DIESEL  ENGINE 
has  been  introduced  by  Rolls-Royce  of 


• Made  in  Canada  — 
readily  available. 


. . . another  good  reason 
to  specify 


SEASONMASTER 


A R CONDITIONING  UNIT 


This  cabinet  has  a structural  framework  of 
heavy  gauge  galvanized  steel,  securely  braced 
and  riveted.  The  unit  therefore  remains  rigid 
when  panels  are  removed.  The  panels  do  not 
have  to  provide  structural  support.  Season- 
masters  are  consequently  easier  to  install 


• Dependable  performance 
— high  capacity. 

• Complete  range  of  sizes. 

• KeepRite  rippled  fin 
cooling  and  heating  coils 
for  maximum  efficiericy. 


and  easier  to  maintain. 


• Easier  installation — 
easier  maintenance. 


KeepRite  PRODUCTS  LTD. 

Brantford  Canada 

A 100%  Canadian  company 


Canada  Limited,  The  S'F65  is  an  Aera-i 
vation  of  the  existing  Rolls-Royce  ‘C’i 
range  of  four,  six  and  eight  cylinder!; 
engines.  The  new  engine,  rated  in' 
the  150  BHP  category,  is  a 707y 
cubic  inch,  naturally  aspired  six-cylinder-fl 
in-line  engine  of  five  inch  bore  and  sixM 
inch  stroke.  The  SF65  is  available  ind 
three  forms:  firstly,  the  basic  fan  to! 
flywheel  engine;  secondly,  the  industriall! 
engine  with  mounting  feet  and  aii! 
cleaner;  and  thirdly,  the  complete  radia-i 
tor  cooled  uncowled  power  pack  to  suitp 
a variety  of  requirements.  ~ 


VICKERS-SPERRY  OF  CANADA,  a 
Division  of  Vickers  Incorporated,  Sperry 
Rand  Corporation,  has  announced  a hy- 
draulic power  package  featuring  a vane- 
type  double  pump  with  2000  p.s.i.  ca- 
pability. External  pressure  control  valves 
provide  the  hi-k>  pump  combination, 
either  large  volume  at  low  pressure,  or 
high  pressure  at  low  volume.  Adjustable 
pressure  control,  remote  control,  or  auto- 
matic high-low  pressure  control  are  pro- 
vided. 


HI-LO  EQUIPMENT  (CANADA) 
LIMITED,  makers  of  the  “Canuck” 
Pallet  Truck,  has  introduced  the  battery 
operated  hydraulic  lift  truck  to  its  line. 
This  lift  loads,  imloads,  stacks  or  moves 
anything  up  to  1500  lb.  Equipped  'with  a 
heavy  duty  12  volt  industrial  battery  and 
built-in  charger  with  automatic  overload 
protection,  the  cost  of  ni^tly  recharg- 
ing is  only  one  cent.  All  models  have 
foot-operated  floor  locks  and  safety  flow 
control  valves  which  regulate  the  lower- 
ing speed. 


PRESSURE  REDUCING  VALVES  pre- 
cision engineered  and  produced  by  the 
James  Morrison  Brass  Manufacturing  Co. 
Ltd.  are  available.  The  valves  feature 
closings  against  inlet  pressures.  Low 
pressure  is  imaffected  by  fluctuations  in 
high  pressure,  and  internal  parts  are 
removable  while  the  valve  is  connected 
to  die  line.  The  valves  are  constructed 
of  corrosion-resistant  bronze  with  high 
tensils  cast  iron  cover.  A renewable 
Buna-N  disc  ensures  tight  closures  and 
the  diaphragm  is  Neoprene-reinforced 
for  long  life.  The  valve  is  designed  for 
water,  oil  or  air  service. 


i«i 


A VERTICAL  STROKING,  heavy  duty 
G-4  buffing  lathe  for  mush  type  buffing 
operations  on  irregular  shaped,  recessed 
or  contoured  parts  have  been  introduced  | !(( 
by  Canadian  Hanson  & Van  Winkle 
Ltd.,  Montreal.  The  buffing  lathe  can  he 
used  with  semi-automatic  finishing  ma- 
chines for  mush  and  slough  buffing  on 
parts  such  as  automotive  horn  rings,  die 
cast  frames,  brass  plumbing  components 
and  die  cast  bezels. 
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NEW  VERSION  of  the  Canadian 
iVestinghouse  Company’s  distribution 
^ipparatus  catalogue  has  been  announced. 
Tlie  300-page  catalogue  contains  com- 
ijlete  design  and  application  data  about 
iquid  filled  distribution  transformers, 
housings,  regulators,  filter  presses  and 
i.c.  test  sets.  Other  sections  deal  witli 
inderground  service  equipment,  dry-type 
listribution  transformers,  lightning  ar- 
'resters,  protective  devices,  capacitors 
md  instrument  transformers.  A copy  of 
catalogue  H-55000  may  be  obtained  by 
vvriting;  Canadian  Westinghouse  Com- 
pany, Distribution  Apparatus  Division, 
London,  Ont. 


TINY  SILICON  RECTIFIERS  and 
larger  selenium  rectifiers  of  the  same 
capacity  have  been  introduced  by  Syn- 
tron  (Canada)  Limited.  Both  types  come 
in  a wide  range  of  sizes  and  capacities 
for  the  electronics  industry.  The  Syn- 
tron  silicon  rectifiers  are  produced  with 
double  vapor  diffused  junctions.  They 
yield  lower  forward  voltage  drops  and 
provide  greater  uniformity  of  reverse 
characteristics.  Peak  reverse  voltage  in 
some  units  approaches  200  volts.  An  e.x- 
tensive  range  of  diodes  from  low  to 
medium  power  types  are  available  from 
the  Canadian  plant. 


MAINTENANCE-FREE,  LEAD-ACID 
BATTERIES  have  been  developed  by 
the  E.xide  Industrial  Division  of  the 
Electric  Storage  Battery  Co.  (Canada) 
Ltd.  These  batteries  are  produced  in 
two  basic  types,  one  for  use  in  portable 
power  systems,  the  other  for  heavier 
stationary  sy.stems.  They  combine  the 
advantages  of  power  and  rechargeability 
characteristic  of  wet-cell  batteries,  with 
the  handling  ease  of  dry-cell  batteries. 
The  portable,  and  the  stationary  types 
require  no  addition  of  water  or  acid 
throughout  their  service  lives. 

m 


A HEAVY-DUTY  TRACK  DRILL,  the 
BVB6IRD  has  been  introduced  to  the 
mining  and  construction  industry  by 
Atlas  Copco  Canada  Ltd.  The  BBE51 
rock  drill  mounted  on  the  rig  makes  full 
use  of  the  piston  stroke,  which  is  in- 
dependently controlled  to  give  the  re- 
quired percussive  action  on  a special 
shank  adapter.  The  piston-type  air  motor 
which  transmits  a very  strong  torque  via 
a reduction  gear  to  the  drill  chuck  and 
shank  adapter,  also  features  this  in- 
dependent control. 


A SPRAG  CLUTCH  designed  for  light- 
weight, high-speed  over-running  at  8000 
r.p.m.  and  ambient  temperatures  up  to 
600°  Fahrenheit  is  available  from  Renold 
N.  Chains  Canada  Ltd.,  Montreal.  De- 
signed for  500%  overload  surges  with  a 
normal  capacity  of  55  hp.  at  8000  r.p.m., 
tliis  high-speed  unit  contains  a full  com- 
plement of  retained  sprags  between  two 
concentric  races.  To  meet  specific  job 
requirements,  this  unit  can  be  modified 
with  special  integral  external  gears, 
housings,  splines,  flanges  or  torque  arms. 


i ATLAS  COPCO  CANADA  LTD.,  has 
, introduced  a compact  and  relatively  light 
i unit  for  simple  soil  testing  or  for  de- 
i termining  the  depth  of  overburden  over 
' rock  or  other  hard  strata.  The  unit  com- 
' prises  the  Borro  sounding  kit  which  is 
used  in  combination  with  Atlas  Co'pco’s 
.self-contained  motor  drill,  the  Cobra. 
Sounding  is  carried  out  with  3 ft.  3 in., 
/i-in. -diameter  extension  rods  fitted  with 
two  types  of  points.  The  Borro  kit  in- 
cludes 20  extension  rods  together  with 
«■hucks,  couplings  rod  extractor,  wrenches 
and  a galvanized  steel  storage  box. 


CONSOLIDATED  PAINT  AND  VAR- 
NISH (CANADA)  LTD.,  Montreal,  has 
announced  a new  line  of  both  exterior 
and  interior  in.secticidc  paints  known  as 
Kil-Sect.  This  paint  contains  Dichloro 
Diphenyl,  an  in.secticidc  effective  against 
most  types  of  in.sccts,  yet  safe  to 
humans. 
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The  economical  way  to  buy  instrumentation 


The  economical  way  to  buy  instrumentation 
...single  source  responsibility  by  Honeywell 


there’s  a better  way  to  buy  instrumentation:  assigning 
ource  responsibility  for  the  entire  project  to  a quaUfied 
cnt  manufacturer.  All  in  a single  contract:  from  planning 
irough  to  start-up  and  post-installation  maintenance, 
thod  may  have  important  advantages  for  you  on  your  next 
. Instead  of  shopping  for  hardware,  you  can  buy  results, 
instrumentation  is  so  vital  to  the  success  of  a project,  so  big  a 
Cl  the  job,  that  it  warrants  this  special  handling.  When  it  does, 
in  be  major  improvements  in  economy  and  efficiency.  And 
spared  the  frustration,  the  buck-passing,  the  false  starts  and 
notions. 

er  for  a moment  the  benefits  you  receive  when  you  assign 
te  instrument  responsibility  to  Honeywell. 


bd 


Si 

I AN  N I N G.  Honeywell  can  make  a valuable  contribution  to 
^ arming,  along  with  your  own  engineering  and  production  per- 
p your  consultants  and  equipment  suppliers.  You’ll  have  avail- 
Î ; complete  facilities  of  the  world’s  largest  organization  for  auto- 
^ neasurement  and  control.  Honeywell  systems  engineers  have 

S experience  on  a wide  range  of  industrial  processes.  Added  to 
roduct  process  knowledge  this  will  assure  you  of  a system 
ovides  the  results  you  want. 

wish,  you  need  only  specify  the  critical  control  areas  of  your 
and  the  tolerances  you  require.  Honeywell  will  assume  full 
ibility  for  developing  a control  system  to  meet  them, 
well  can  shoulder  as  much  of  the  load  as  you  wish.  You 
need  to  overload  your  present  staff,  or  try  to  recruit  scarce 
ists  for  a peak-load  problem. 

lOCUREMENT.  When  Honeywell  systems  engineers  assume 
esponsibility  for  a system,  their  primary  concern  becomes 
you  the  best  possible  system  for  your  money,  not  selling  you 
are.  They’re  free  to  select  the  best  device  for  each  application 
a other  manufacturers  as  well  as  from  Honeywell’s  own 
Imc  of  control  equipment. 

)sc  none  of  the  traditional  privileges  of  an  instrument  buyer. 

I 

toneywell 


H 


But  you  gain  a system  that’s  produced  by  control  specialists  from 
start  to  finish. 

There  are  valuable  fringe  benefits,  too.  Honeywell’s  assumption 
of  undivided  responsibility  permits  smoother  integration  of  instal- 
lation schedules.  Your  problems  of  ordering  and  accounting  are 
simplified. 

IN  COST  SAVINGS. There  are  certain  obvious  economies  in  dealing 
with  a single  supplier.  You  get  them  all  when  you  assign  single- 
source responsibility  to  Honeywell.  But  there  are  other  economies, 
perhaps  less  obvious  : by  stressing  results,  not  hardware,  Honeywell 
can  save  you  money  in  the  planning  of  your  system.  And,  in  the 
long  run,  the  most  economical  instrumentation  system  is  the  one 
that  gives  you  the  best  results.  You’re  sure  of  this  when  total 
responsibility  is  centralized. 

IN  INSTALLATION  AND  START-UP.  As  instrument  systems 
become  more  complex,  special  installation  problems  arise  : problems 
of  timing,  calibration,  adjustment,  check-out.  They  can  best  be  han- 
dled by  a fully-integrated,  complete  instrument  service  organization. 
Experienced  Honeywell  installation  crews  have  installed  some  of 
Canada’s  most  complex  and  difficult  control  installations.  You’re 
assured  of  on-schcdule  installations,  thorough  performance  check- 
outs and  smooth  start-ups. 

IN  MAINTENANCE  AND  SERVICE.  Honeywell’s  facilities  are 
yours  for  as  long  as  you  need  them.  A variety  of  mamtenance  plans  are 
available  to  keep  your  system  always  at  top  efficiency.  If  you  wish, 
a full-time  Honeywell  maintenance  crew  will  service  your  system, 
including  all  its  non-Honeywell  components.  And  Honeywell  will 
maintain  stocks  of  spare  parts  for  all  instrumentation  supplied. 
There  are  many  new  control  projects  where  traditional  buying 
practices  are  satisfactory.  But  there  may  be  worthwliile  benefits 
for  you  in  the  modern  way  to  buy  instrumentation.  For  further 
information,  call  your  nearest  Honeywell  office  or  write  Honeyv/ell 
Controls  Limited,  Industrial  Products  Group,  Toronto  17,  Ontario. 
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1962  CONFERENCES 

OF  PARTICULAR  INTEREST  TO  E.  I.  C.  MEMBERS 


Following  is  a tentative  list  of  conferences  to  be  held  later  this  year  either  totally 
or  partially  under  the  sponsorship  of  the  Institute.  Further  details  will  be  carried  on 
a regular  basis  in  the  pages  of  the  Engineering  Journal.  i 

i 

June  12  - 15  E.  I.  C.  Annual  Meeting,  Montreal 

August  24  - 25  Baie  Comeau  Regional  Conferenee 


September  12  - 14  Edmonton  Conferenee 

September  13  - 14  Soil  Meehanies  Conferenee,  Edmonton 

JOINT  NRC  - EIC 


Oetober 


Autumn 


Chemical  Engineering  Conference,  Sarnia 

JOINT  CIC  - EIC 

Newfoundland  Regional  Conference 


BOOTH 


STEEL  ROLLING 
SHUTTERS 


The  BOOTH  Rolling  Shutters  shown  below  are  part 
of  an  installation  of  32  Shutters,  each  8'6"  square  at 
the  New  Sufferance  Warehouse,  Montreal  for  Messrs. 
Smith  Transport  Ltd.  This  is  the  latest  repeat  order 

for  these  clients. 


JOHN  BOOTH  & SONS  (BOLTON)  LTD. 

Hulton  Steelworks,  Bolton,  England. 


Represented 
DAVID  McGILL  & SONS  LTD., 

16  St.  John's  Road,  Point  Claire, 
MONTREAL  33,  Que. 

JOHN  THOMPSON-LEONARD  LTD., 

P.O.  Box  429,  LONDON,  Ont. 

HALLS  ASSOCIATES  (WESTERN)  LTD., 
1045  Erin  'Street,  WINNIPEG  10,  Man. 
NORTHERN  ASBESTOS  & BUILDING 
SUPPLIES  LTD., 

125th  Avenue,  EDMONTON,  Alta. 


in  Canada  by: 

NORTHERN  ASBESTOS  & BUILDING 
SUPPLIES  (B.C.)  LTD., 

3455  Bainbridge  Avenue,  North 
Burnaby,  (VANCOUVER)  B.C. 

Full  technical  details  and  other 
information  are  contained  in  our 
Catalogue,  available  free  on  request 
from  any  of  the  above. 


i 


DART 

UNIONS 

for  efficient  service 
and  economy 


Two  Bronze  Seats  Ground  to  a True  Baii  Joint 
DART  UNION  COMPANY  OF  CANADA  LTD 

TORONTO  CANADA 
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Steel  gives  design  freedom 

Y-shapcd  with  clear  spans.  This  is  the  Saskatchewan  Power  Corporation’s  head 
office  building  in  Regina.  There  are  no  columns  inside  the  wings  of  the  build- 
ing and  each  floor  is  a wide  open  space  43  ft.  x 270  ft.  You  can  build  this  way 
with  steel— it  simplifies  interior  partitioning  and  makes  future  changes  easy. 

Architects:  Josejjh  Pettick,  M.R.A.I.C. 

Consultants:  C.C.  Parker,  Whittaker  & Co.  Ltd. 


I 

Iteel  shows  some  of  its  qualities 


Some  of  the  basic  qualities  of  steel  as  a 
ilding  material  are  illustrated  in  this  round- 
of  recent  projects  from  across  the  country, 
îel  produces  light,  flexible  structures  and 
inherent  qualities  offer  great  scope  to  the 
jaginative  architect. 

i When  evaluating  structural  framing  ma- 
jials  it  is  worth  considering  all  the  advan- 
j^es  offered  by  steel.  Steel  goes  up  fast  to 
|/e  an  early  return  on  invested  capital  and 
luces  interest  charges  on  construction  loans. 


Lightweight  framing  keeps  foundation  costs 
down  and  the  strength  of  the  material  permits 
large  column  free  areas  for  better  rentable 
floor  space.  Later  alterations  or  additions  are 
also  easily  effected  and  more  economical  to 
undertake  when  steel  is  used. 

Dominion  Bridge  maintain  design,  fabri- 
cation and  erection  facilities  in  most  of  the 
major  cities.  Their  sales  and  engineering  de- 
partments are  always  available  for  discussion 
and  to  assist  in  any  way  they  can. 


Structural  Steel  Division 
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DOMINION  BRIDGE 


DOMINION  BRIDGE  COMPANY  — SIXTEEN  PLANTS  C O AS  T-T  O - C O AS  T 


10  YEAR  GUARANTEE 


• LibrSry  Notes  (continued  from  page  lll) 


Guaranteed 
for  10  years 


The  guarantee  covers  parts,  performance  and 
accuracy  of  the  machine  under  normal  usage 
for  a full  ten  year  period. 

NO  OTHER  DRAFTING  MACHINE 
OFFERS  SUCH  A WARRANTY. 

Two  protractor  head  models  are  available. 

Model  K — Standard  full-view  360  head  with  ball 
bearing  indexing  and  micrometer  ad- 
justment. 

Model  KB  — Same  as  above,  but  with  automatic 
zero-reset  for  use  in  drawings  with 
several  axis  systems. 


For  More  Information 


CARSEN  INSTRUMENTS 

LIMITED 

162  Bentworth  Ave.,  Toronto  19  RU.  9-2681 


^EXPERIMENTAL  METHODS  IN  COMBUSTION  RESEARCH. 

This  loose-leaf  manual  is  divided  into  two  main  sec- 
tions: Instrumentation  for  the  determination  of  funda- 
mental data,  which  covers  such  topics  as  temperature, 
flow  rate,  flame  propagation  velocity,  pressure  measure- 
ment, and  free  radicals;  and  experimental  set-ups  for 
laboratory  studies  of  the  combustion  process,  which  covers 
gaseous  and  vaporized  fuels,  turbulent  flames,  detonation, 
and  liquid  and  solid  propellants.  Supplements  are  planned, 
especially  on  methods  which  may  gain  sudden  emphasis. 
Titles  appear  in  both  English  and  French,  although  the 
text  of  any  one  paper  is  in  only  one  of  these  languages. 
(Ed.  by  J.  S.  Surugue.  New  York,  Pergamon,  1961.  Various 
pagings.  $15.00.) 

“energiebilanz  und  rentabilitat  von  heizkraftwerken, 

A detailed  treatment  of  energy  balance  calculations 
and  the  determination  of  earning  capacity  of  thermal 
power  plants.  Both  open  and  closed  cycle  gas  turbines 
are  considered  as  well  as  steam  plants.  Tables,  charts,  and 
energy-and  heat-flow  diagrams  are  included  to  illustrate 
or  summarize  the  calculations.  (Herbert  Bachl.  Berlin, 
Springer-Verlag,  1961.  78p.,  DM  18.00.) 

“plasticity  and  creep  of  metals. 

In  this  book  on  the  deformation  behaviour  of  metals 
under  stress,  emphasis  has  been  placed  on  those  aspects 
of  interest  to  the  design  engineer,  but  the  interests  of  the 
engineer  or  metallurgist  dealing  with  fabrication  and 
foiTning  processes  have  also  been  kept  in  mind.  Multiaxial 
stress  as  well  as  one-directional  stresses  are  dealt  with. 
(J.  D.  Lubahn  and  B.  P.  Felgar.  New  York,  Wiley,  1961. 
608p.,  $16.75.)  Ill 


CINCH 

ANCHORS 

STRONGER  THAN  THE  BOLT" 


The  completely  reliable  expansion  Anchor 
for  bolts  3/16"  to  3"  diameter 

Manufactured  in  Canada  solely  by 

CANADIAN  CINCH  ANCHORING  SYSTEMS 

LIMITED 

2095  Madison  Avenue,  Montreal 

Data  book  — stress  tables  on  request 
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CONSULTING 

SERVICES 

I 

WOOD,  McADAM  & MAGOR 

Consulting  Engineers 

STRUCTURAL  - MECHANICAL  - ELECTRICAL 
DESIGNS.  SPECIFICATIONS  and  SUPERVISION 

1444  SHERBROOKE  ST.  WESTMOUNT,  P.Q. 
WE:  5-8587-8588 


EIC  CERTIFICATE  OF  ADVERTISING  MERIT 


EST. 


MOTORS  • GENERATORS 
TRANSFORMERS  • CONTROLS 


NEW 


RECONDITIONED 


REPAIRS  — REWINDING 
COILS  — COMMUTATORS 
ENGINEERING  ADVICE 


THOMSON  ELECTRICAL  WORKS  LTD. 


QUEBEC  • MONTREAL  • SHERBROOKE 
Conodo's  Largest  Independent  Service  Organization 


Horthsrn  Ehctrk 


and  ' 

and  deï?««d:sbls  safvicajs'  « 
|act  u:  d a ai . wi  l d % . ^ 


SLATERHUBBARD  Cutouts  and  Lightning  Arresters 


WIRES  AMD  CABLES 


P.D.Q:  CONDUIT 


As5!;!fo?i  pefin3î^9riî,  law  cüîîI  proîactloo  for  unt^ôrgfound  cables 


Northern  Electric  Company  Limited  wins 
the  Monthly  Award  for  the  best  advertise- 
ment in  the  February  issue  of  The  Journal 
with  the  same  advertisement  that  won  in 
October  1961.  This  serves  as  acknowledg- 
ment of  the  overwhelming  impact  of  a 
5-page  insert,  to  say  nothing  of  the  qual- 
ity of  the  advertisement  itself. 

The  winning  advertisement,  headed, 
“Serving  Canada’s  Power  Utilities”  was 
a 2-colour,  5-page  insert  — the  odd  page 
being  accounted  for  by  the  fact  that  the 
first  sheet  of  the  insert  had  an  extra 
half-page  gatefold.  The  first  page  was 
a title  page  only;  the  gatefold  featured 
the  men  and  services  behind  the  products, 
with  the  remaining  three  pages  devoted 
to  hard-sell  copy  and  illustrations  on  a 
variety  of  Northern  product  lines.  The 
second  colour,  blue  (green  was  used  in 
the  October  insertion)  was  effectively 
used  in  two  shades  to  make  a consider- 
able mass  of  information  appear  more 
readable. 

Advertising  Manager  for  Northern  Elec- 
tric Company  Limited  is  E.  H.  Woodley. 
■The  advertising  is  placed  by  the  Montreal 
office  of  Foster  Advertising  Limited. 
Frank  Thompson,  account  executive. 
Both  men  will  receive  a framed  award 
certificate.  Judging  is  done  each  month 
by  a different  panel  of  Journal  readers 
across  Canada,  with  nominations  _ re- 
quested on  the  basis  of  ACCURACY  — 
INFORMATION  ATTR.\CTION. 
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Security . . . 
extra  dividend  of 
Recordak  Engineering 
Drawing  System  ! 


No  doubt  you’ve  heard  a good  deal  about  the 
advantages  of  keeping  microfilmed  engineer- 
ing drawings  mounted  in  aperture  cards — how 
they  speed  reference  . . . save  valuable  engi- 
neering and  drafting  time  . . . cut  printmaking 
costs. 

Another  point  to  consider,  especially  nowa- 
days, is  the  extra  security  these  copies  pro- 
vide. Storing  a duplicate  set  of  these  aperture 
cards  off  the  premises  increases  protection 
against  loss  of  original  drawings  or  microfilms 
in  case  of  fire,  flood,  or  national  emergency. 
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exacting  requirements. 
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Microfilming. 
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Now  is  the  time  to  get  started.  Your  staff 
can  easily  be  trained  in  the  use  of  Recordak 
equipment  especially  calibrated  to  produce 


MAIL  COUPON  TODAY 

RECORDAK  of  Canada,  Limited 
105  Carlton  Street,  Toronto  2,  Ontario 


Send  booklet  describing  Recordak  Engineering  Drawing  System 
and  address  of  nearest  Recordak  Sales  Representative. 
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IN  THIS  ISSUE 


Many  of  the  major  rivers  and  streams  in  northern 
• jlberta,  the  Peace  River  block  in  British  Columbia  and 
lie  southern  portion  of  the  Yukon  have  cut  through  shale 
eposits  which  have  been  highly  consolidated  by  the  weight 
glaciers  many  hundreds  of  feet  thick.  Engineering  con- 
, ruction  in  these  valleys  frequently  produces  changes  in 
!ie  stability  conditions  sufficient  to  precipitate  major  earth 
jjovements.  Experience  in  the  area  to  date  has  shown  that 
I is  very  difficult  to  determine  by  conventional  subsoil 
Ixploration  methods  where  such  instabilities  will  develop, 
loreover,  conventional  methods  of  stability  analysis  are 
liadequate  to  accurately  assess  the  stability  of  these  slopes 
js  they  exist  naturally  or  as  they  may  be  modified  by 
ngineering  works. 

1 Recently,  very  complete  investigations  have  been  under- 
jaken  at  two  locations  where  major  instability  has  developed 
iacidental  to  road  and  bridge  construction.  In  their  paper 
{jntitled,  “Landslides  in  Over-Consolidated  Clays”,  R.  M. 
Miardy,  M.E.ï.c.  E.  W.  Brooker,  m.e.i.c.  and  W.  E.  Curtisj 
ji,.M.E.i.c.  have  described  the  conditions  encountered,  and 
he  investigations  made  for  these  two  sites.  The  paper< 
.hows  the  inadequacies  of  conventional  methods  of  stabil- 
ty  analysis  when  applied  to  these  conditions,  and  presents 
I |i  modification  to  the  conventional  effective  stress  stabilily 
I inalysis  which  appears  to  permit  a reasonably  accurate 
( issessment  of  the  stability  conditions  to  be  made.  Thé 
iignificance  of  the  modified  stability  analysis  in  the  design 
jf  corrective  measures  to  improve  the  stability  conditions  is 
rlso  discussed. 


I The  new  Fifth  Edition  of  CSA  Standard  S16,  “Steel 
jStructures  for  Buildings”,  contains  several  modifications  aiid 
(revisions  when  compared  with  the  requirements  of  die 
iFourth  Edition  pubhshed  in  1954.  Technological  progress 
in  Steel-making  and  fabrication  methods,  as  well  as  exten- 
sive research  into  the  actual  behaviour  of  steel  members 
jand  connections,  made  the  publication  of  an  up-to-date 
specification  imperative. 

In  their  paper,  “Commentary  on  CSA  Standard  S16- 
1961”,  W.  G.  Mitchell,  M.E.I.C.,  Chief  Design  Engineer 
(Canadian  Bridge  Works,  at  Dominion  Steel  and  Coal  Corp. 
Ltd.,  Riverside,  Ont.,  and  D.  L.  Tarlton,  Development 
Engineer  at  the  Canadian  Institute  of  Steel  Construction, 
Inc.,  Toronto,  hope  to  serve  the  structural  designer  by 
j offering  a logical  analysis  of  the  reasons  for  the  major 
! revi.sions  in  the  Fifth  Edition  of  die  CSA  Standard  S16, 
j and  in  so  doing,  minimize  the  possibility  of  an  incorrect 
I interpretation  of  the  specification  requirements. 


Engineering  oducalion  is  at  iirescnt  in  a state  of  flux. 
It  is  die  subject  of  widcsprcxid  discussion  and  ixxicnt  years 
have  brought  forth  a profusion  of  conflicting  xiews.  Some 
of  these  views  are  progressive,  and  range  from  the  mild 


to  die  extreme;  others  are  conservative  or  reactionary.  Uni- 
versity engineers  are  now  in  the  throes  of  making  what  are 
probably  the  most  important  decisions  in  the  history  of 
engineering  education. 

In  his  paper,  “Urgent  Tasks  in  Engineering  Education”, 
D.  M.  Myers,  m.e.i.c..  Dean,  Faculty  of  Apphed  Science, 
University  of  British  Columbia,  stresses  that  rigid  and  some- 
times dogmatic  adlierence  to  what  have  hitherto  been 
regarded  as  basic  principles,  might  very  well  lead  to 
stagnation  and  even  extinction  of  engineering  as  a profes- 
sion. The  paper  deals  particularly  with  the  requirements 
for  uniformity  and  breadth  in  engineering  education.  The 
author  examines  these  two  factors  and  makes  suggestions 
as  to  how  to  achieve  adequacy  without  undue  uniformity, 
and  depth  without  undue  sacrifice  of  breadth. 


This  73th  Anniversary  issue  of  the  Journal  is  different  from 
the  regular  issues  both  in  format  and  content.  The  format 
is  more  open  and  varied. 

Special  content  includes  an  illustrated  story  of  major 
Canadian  engineering  achievements  since  1887.  We  ac- 
knowledge the  impossibihty  of  including  every  notable 
development  or  project  during  the  past  75  years.  In  our 
general  review  of  engineering  we  have  selected  a few  dozen 
stories  which  we  hope  depict  both  the  technical  and  the 
geographical  scope  of  the  developments.  In  many  instances 
we  have  illustrated  these’  achievements  with  photographs 
obtained  tlirough  the  courtesy  of  the  Dominion  Archives. 

The  story  of  the  St.  Lawrence  Seaway  is  familiar  to  all  of  us. 
For  several  years  during  its  construction  monthly  reports 
were  carried  in  the  Engineering  Journal.  And  we  published 
several  special  Seaway  issues  and  many  Seaway  papers.  The 
text  of  the  Seaway  story  in  this  issue  then,  is  brief  and 
designed  only  to  jog  memories.  Included  is  some  history,  and 
many  of  the  statistics. 

The  history  of  the  Engineering  Institute  of  Canada  is  the 
story  of  engineering  in  this  country.  It  is  filled  with  excite- 
ment and  hard  work,  and  some  amazing  personalities.  This 
complete  history  is  being  prepared.  Obviously,  though,  its 
scope  is  far  beyond  the  space  limitations  of  tliis  Journal. 
We  have  prepared  a brief  chronologj'  which  we  trust  will 
serve  until  the  history  has  been  completed. 

The  Trans-Canada  Microwave  Link  has  not  receixed  the 
public  attention  tliat  other  projects,  .such  as  tlie  Seawax", 
have  attracted.  It  is  an  amazing  engineering  project  and  xxe 
are  plea.scd  to  tell  this  story  in  our  Anniversarx-  issue  of  the 
Journal. 

Canada's  hidden  mineral  wealth  alloxxed  tlvis  countrx-  to 
change  Ironi  a pastoral  to  an  industrial  nation.  The  exploita- 
tion of  this  xvcalth  reiinircd  the  skills  of  engineers  of  all 
disciplines. 
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Siirveyin};  at  the  site  of  tlie  Taichine  Bridge  near  Nfontreal,  lcS87.  (Publie  Archives  of  Canada) 
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The  challenge  of  great  distances  and  stubhoi!| 
terrain  provided  the  spur  to  Canada’s  engineers  afte] 
the  emphasis  shifted  from  military  to  eivil  engineerinJ 
The  most  prominent  engineers  of  75  years  ago  madf 
their  reputations  as  builders  of  roads,  canals  or  rail 
roads.  And  two  of  the  strong  forces  behind  the  foundl 
ing  of  what  now  is  the  Engineering  Institute  of  Can! 
ada  were  the  builders  of  civil  engineering  projectJ 
and  the  teachers  of  engineering.  I 

This  flashback  of  outstanding  engineering  achieve! 
ments  since  1887  will  start  with  the  building  of  th(| 
Canadian  Pacific  Railway  even  though  its  completiov 
predated  the  founding  of  the  present  E.I.C.  by  on(| 
year. 

It  would  be  foolish  to  assume  that  in  a few  pageJ 
and  a few  dozen  paragraphs  that  a comprehensive!! 
story  of  Canadian  engineering  could  be  presented.  Ill 
is  hoped  only  that  it  will  touch  a few  highlights  of  thej 
work  of  Canada’s  amazing  engineers. 


THE  CPR 


One  of  the  most  difficult  stretches  of  the  entire  Canadian 
Pacific  Railway  was  built  through  Kicking  Horse  Pass  in 
the  Rockies.  ( Public  Archives  of  Canada  ) 


Even  in  this  day  of  heavy-duty  equipment,  welh 
honed  surveying  skills  and  efficient  materials  handling! 
the  job  of  building  a railroad  across  a country  like| 
Canada  would  be  considered  extremely  trying. 

Consider  the  task  that  faced  the  builders  and| 
planners  in  the  years  immediately  following  Confeder-| 
ation.  Required  were  two  ribbons  of  steel  to  bind! 
together  a nation  which  wasn’t  really  convinced  itl 
wanted  to  be  Canadian.  There  were  two  obvious  j! 
problems. 

The  first  was  to  link  Eastern  Canada  with  thej 
Prairies  over  the  top  of  the  Great  Lakes.  This  was  a 
1000-mile  stretch  through  uninhabited,  severely  rocky  | 
country  pocked  by  thousands  of  lakes. 


This  familiar  picture  shows  Donald  Smith  driving  the  golden  spike  on  the  C.P.R.  line  at  Craigellachie,  B.C.,  November  7, 

1885,  9:30  a.m.  (Public  Archives  of  Canada) 
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The  second  was  to  link  the  Prairies  with  British 
"olumbia  which  was  becoming  impatient  with  the 
ilelay  in  the  promised  trans-Canada  railway. 

Sandford  Fleming,  chief  engineer  in  charge  of 
airveying,  recommended  that  the  Rockies  be  crossed 
it  Yellowhead,  but  the  builders  had  to  recognize 
■onditions  other  than  engineering  and  it  was  decided 
o drive  the  railroad  through  at  Kicking  Horse  Pass. 
Construction  of  a line  over  the  heavy  grades  of  Kick- 
ing Horse  Pass  was  one  of  the  great  achievements  in 
ailroad  engineering. 

The  link  between  the  Prairies  and  British  Col- 
umbia was  formally  completed  at  Craigellachie,  B.C., 
on  November  7,  1885  with  the  driving  of  the  last 
spike  by  Donald  A.  Smith,  principal  organizer  of  the 
company. 

Five  days  earlier  the  section  between  Callander 
and  Port  Arthur  was  rushed  to  completion  to  help 
the  movement  of  troops  rushing  west  to  crush  the  Riel 
Rebellion. 

The  first  train  left  Montreal  for  Vancouver  on 
June  28,  1886. 

THE  RUSH  FOR  GOLD 

Although  the  Yukon  Gold  Rush  had  only  an  in- 
direct bearing  on  Canada’s  engineering  community  at 
' the  beginning,  there  was  ultimately  a great  need  for 
engineers  to  help  develop  the  Territory.  In  view  of 
this,  a few  sentences  on  the  rush  are  appropriate. 

The  surface  of  the  Yukon  was  being  scratched  as 
early  as  the  1840’s,  and  by  the  early  1870’s  prospectors 
by  the  hundred  had  invaded  the  Territory. 

' The  madness  began  in  1896  when  George  W. 
Carmack  struck  gold  on  Bonanza  Creek,  a tributary 
of  the  Klondike.  By  1898  Dawson  had  a population 
of  25,000  as  the  lure  of  wealth  for  the  finding  at- 
tracted hopeful  or  desperate  men  from  all  parts  of  the 
I world.  During  a very  few  years  the  more  accessible 
placer  gold  was  removed,  and  quiet  returned  to  the 
I Yukon. 


i i 


Outside  Cabot  Tower  on  Signal  Hill  in  Newfoundland 
where  Marconi  received  the  first  trans-Atlantic  radio  signal, 
1901.  (Public  Archives  of  Canada) 


The  efforts  of  two  young  engineers  were  repaid  when  the  Silver  Dart  flew  over  the  ice  of  the  Bras  d’Or  Lakes  near 
Baddeck,  N.S.,  to  inaugurate  powered  flight  in  Canada  in  1909.  (Public  Archives  of  Canada) 
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LACHINE  CANAL 


The  St.  Lawrence  River-Great  Lakes  Waterway 
is  dealt  with  in  greater  detail  in  other  sections  of 
this  Journal,  so  these  few  remarks  are  confined  to  the 
early  Lachine  canals. 

The  Lachine  rapids  just  above  Montreal  were  the 
first  major  frustration  of  those  who  wanted  commerce 
between  Montreal  and  the  inland.  About  1700  a mile- 
long  canal  wide  enough  for  one  canoe  was  planned, 
but  never  built.  In  1779  the  Royal  Engineers  built  a 
canal  which  incorporated  locks.  This  canal  was  en- 
larged several  times  until  it  was  able  to  accommodate 
six  barges  side-by-side. 

The  first  Lachine  canal  as  such  was  finished  in 
1885.  There  were  seven  locks,  each  100  feet  long,  20 
feet  wide,  and  with  a water  depth  of  five  feet  at  the 
sills. 


Above  Bonanca,  the  Yukon,  1899. 
(Public  Archives  of  Canada) 


POWERED  FLIGHT 

(■ 

Powered  flight  in  Canada  began  with  the  work 
of  two  young  engineers.  When  the  Silver  Dart  flew  ij 
by  its  own  power  over  the  ice  on  the  Bras  d’Or  Lakes  j| 
at  Baddeck,  N.S.,  the  controls  were  in  the  hands  of  \ 
John  Alexander  Douglas  McCurdy,  a graduate  in  en- 
gineering from  University  of  Toronto.  Watching 
anxiously  was  the  other  half  of  the  Silver  Dart’s  con-  } 
struction  team.  Also  an  engineer  and  a graduate  of  j 
University  of  Toronto,  his  name  was  Frederick  Walker  j 
(Casey)  Baldwin.  The  previous  year  Baldwin  had  Î 
become  the  first  British  subject  to  fly  an  aeroplane.  j 

Both  men  gave  decades  of  service  to  Canada  long  [ 
after  the  inaugural  flight  of  the  Silver  Dart.  Baldwin’s 
reputation  was  enhanced  by  his  specialized  knowledge  ! 
of  hydrofoils.  McCurdy  stayed  many  years  in  aviation 
and  from  1939  until  1947  served  as  assistant  director 
general  of  aircraft  production  in  the  Department  of 
Munitions  and  Supply.  He  later  served  for  five  years 
as  Lieutenant-Governor  of  Nova  Scotia. 


Called  variously  the  Lachine  Bridge, 
the  St.  Lawrence  Bridge  and  the  Mercier 
Bridge,  this  structure  was  completed  in 
1887.  (Public  Archives  of  Canada) 
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This  seemingly  frail  craft,  the  Silver 
Dart,  carried  Canada  into  the  age  of 
powered  flight  in  1909.  (Public  Archives 
of  Canada) 


GOUIN  RESERVOIR 

I Northern  Quebec  is  well  endowed  with  large 
lakes.  It  would  seem  foolish  to  try  to  compare  a 
man-made  lake  with  the  large  expansions  of  natural 
water.  But  the  Gouin  Reservoir,  more  than  400  miles 
north  of  Montreal,  with  an  area  of  about  500  square 
miles,  compares  veiy  favorably. 

The  Reservoir  is  in  the  upper  reaches  of  the  St. 
Maurice  River  and  was  formed  in  1918  by  the  con- 
stmction  of  a dam  built  by  the  Quebec  Streams  Com- 
mission. The  Reservoir  has  an  average  depth  of  about 
17  feet  and  has  a capacity  of  some  160  billion  cubic 
feet.  The  Reservoir  and  dam  are  largely  responsible 
for  the  flow  of  water  down  the  St.  Maurice  to  the 
St.  Lawrence,  thus  permitting  large  power  develop- 
ments. Both  the  dam  and  the  Reservoir  are  named 
after  Sir  Lomer  Gouin,  the  Premier  of  Quebec  who 
established  the  Quebec  Streams  Commission. 


THE  QUEBEC  BRIDGE 


Even  today  the  Quebec  Bridge  is  a structure 
worthy  of  respect,  and  some  awe.  Sixty-two  years  ago, 
when  construction  began,  it  was  a project  fit  for 
maiwel.  The  bridge  is  located  six  miles  up  the  St. 
Lawrence  from  Quebec  City  and  was  designed  as  the 
largest  cantilever  bridge  in  the  world. 

Before  the  bridge  was  completed  in  1917,  though, 
two  disasters  had  taken  88  lives.  The  project  appeared 
to  be  nearing  completion  in  the  summer  of  1907  when 
one  of  the  cantilever  spans  collapsed  at  a cost  of  75 
lives.  A Royal  Commission  subsequently  attributed  this 
disaster  to  errors  in  engineering  judgement.  The  sec- 
ond tragedy  occurred  in  1916  when  the  centre  span 
was  being  raised  into  position.  This  disaster,  which 
took  13  lives,  was  attributed  to  a defective  steel  cast- 
ing. 


The  first  combines  arrived  in  Western  Canada  in  1922.  Today  there  are  100,000.  (Public  Archives  of  Canada) 
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The  centre  section  of  the  Quebec  Bridge  is  being  raised  to 
meet  the  cantilever  spans.  1917  (Public  Archives  of  Can- 
ada ) 


AGRICULTURAL  MACHINERY 


Until  relatively  recently  Canada  was  known  pri- 
marily as  a producer  of  food  and  raw  materials.  And 
as  this  was  largely  accurate,  the  application  of  engi- 
neering skills  to  helping  make  the  farmers’  job  more 
efficient  was  a fundamental  contribution  to  the  life 
of  Canada. 

Two  early  and  still  prominent  names  in  the  agri- 
cultural implement  field  in  Canada  were  Daniel  Massey 
and  Alanson  Harris.  Both  men  established  ships  in 
southern  Ontario,  Massey  in  1847  and  Harris  10  years 
later.  Massey  specialized  in  ploughs,  harrows,  scufflers 
and  rollers,  while  Harris  started  by  making  revolving 
hay  rakes.  Both  firms  added  to  their  lines  and  market- 
ing areas  with  Harris  quite  aggressive  in  western  Can- 
ada even  before  the  completion  of  the  Canadian  Pa- 
cific Railway. 

Other  important  Canadian  manufacturers  existed 
and  by  late  in  the  19th  century  winds  of  merger 
began  blowing.  A large  area  of  bitter  competition 
ended  in  1891  when  Massey,  Harris,  J.  O.  Wisner  of 
Brantford,  Ont.,  and  the  Sawyers  of  Hamilton  merged 
to  become  the  Massey-Harris  Company. 

Early  in  this  century  the  field  was  entered  by 
International  Harvester,  which  established  a subsidiary, 
and  by  the  Canadian  finu,  Cockshutt  Plow  Company. 
These  two  and  Massey-Harris  account  for  more  than  70 
per  cent  of  Canada’s  farm  implement  business. 

The  opening  of  the  West  provided  the  first  major 
impetus,  and  technology  has  taken  it  from  there.  The 
tractor  replaced  the  horse,  and  through  modifications 
became  more  than  just  a mechanized  puller.  Combines 
were  introduced  to  Canada  only  about  40  years  ago 
and  now  there  are  somewhere  in  the  area  of  100,000 
of  them  in  this  country. 

In  1954  the  Ferguson  Company  Amalgamated  with 
Massey-Harris  as  Massey-Harris-Ferguson  to  become 
the  world’s  third  largest  producer  of  agricultural  imple- 
ments. 


PETROLEUM 

Oil  was  being  produced  in  small  quantities  in 
Southwestern  Ontario  for  several  years  before  the  big 
strike  at  Titusville,  in  Pennsylvania.  The  Titusville 
strike  stirred  interest,  through,  and  in  1862  a well  at 
Petrolia,  near  Sarnia,  is  said  to  have  yielded  3000 
barrels  a day.  The  rush  began,  and  as  strike  after 
strike  was  made  great  quantities  of  oil  were  wasted, 
being  allowed  to  flood  the  land  and  the  streams.  To- 
wards the  end  of  the  century  these  wells  began  to 
yield  their  oil  more  reluctantly  and  today  the  bigger 
producers  in  the  Petrolia  area  yield  only  a few  barrels 
a day. 


When  one  thinks  of  oil  now  he  almost  in- 
evitably thinks  of  Alberta  which  accounts  for  more 
than  90  per  cent  of  Canada’s  production.  The  Turner 
Valley  field  has  produced  natural  gas  since  1914  and 
oil  since  1922.  The  exploration  boom  followed  the 
Second  World  War,  with  the  most  notable  discoveries 
being  Leduc  in  1947  and  Redwater  the  following  year. 

The  Canadian  Arctic  is  thought  to  contain  rich 
reserves  and  the  Norman  Wells  field  has  been  produc- 
ing for  42  years.  Only  though  no  reseiwes  as  com- 
mercially attractive  as  those  in  Alberta  have  been 
found,  oil  is  known  to  exist  in  Cape  Breton  and  in 
some  parts  of  Quebec’s  Caspe  Peninsula. 


At  the  turn  of  the  century  it  was  largely  manpower  that 
transformed  the  plans  of  the  engineer  into  reality.  (Public 
Archives  of  Canada) 
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One  formidable  obstacle  to  tbe  Klondike  gold  was  tbe  Cbilkoot  Pass.  Many  thousands  failed,  but  22,000  conquered 
the  Pass. 


NEWSPRINT  AT  CORNER  BROOK 

Some  projects  stand  the  test  of  time  well.  One  of 
these  is  the  paper  mill  opened  in  Corner  Brook,  Nfld., 
in  1923.  The  colossal  plant  of  the  Humber  Develop- 
ment Company  cost  several  million  dollars.  Today  it 
remains  one  of  the  largest  paper  mills  in  the  world.  It 
now  is  operated  by  Bowater’s  Newfoundland  Pulp  and 
Paper  Mills,  Ltd. 


WELLAND  CANAL 

As  witli  the  Lachine  Canal,  the  Welland  is  men- 
tioned elsewhere  in  this  issue.  This  account  touches 
only  upon  the  earlier  years  of  the  Canal. 

For  many  years  the  Niagara  Falls  appeared  an 
almost  insuiTuountable  barrier  between  Lake  Ontario 
and  the  remainder  of  the  Great  Lakes.  Until  1829 
when  a private  company  completed  a small  canal,  all 


The  Quebec  Bridge  remains  a monu- 
ment of  engineering  in  spite  of  two 
tragedies.  Here  the  centre  span  is  being 
raised  in  place  in  1917.  (Public  Archives 
of  Canada) 
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While  Marconi  (extreme  left) 
Archives  of  Canada) 


looks  on,  his  men  struggle  with  his  ingenious  kite  at  Signal  Hill,  Newfoundland,  1901.  (Public 


cargo  had  to  be  transhipped  by  land  aionnd  tire  falls 
and  rapids.  Twelve  years  later  the  government  pur- 
chased the  private  canal  and  deepened  it  to  nine  feet. 
After  Confederation  the  Welland  was  made  to  con-' 
form  with  new  canal  standards.  Its  length  was  270; 
feet,  its  width  was  45  feet  and  it  was  14  fc(  I deep. 

The  present  canal,  which  was  rehiult  ag.un  be- 
tween 1913  and  1932,  has  a depth  oj  27  Jccl.  Locks 
1 to  7 are  lift  locks,  while  lock  8 is  a guard  lojck.  The 
guard  lock  is  1380  feet  in  length,  the  longest  in  the 
world.  The  Welland  Ship  Canal  overcermes  a diffei-pnee’ 
in  level  of  326  feet  between  Lake  Ontario  and  L'a^ÿ, 
Erie.  . 


. j' 


ATOMIC  ENERGY 


Of  all  the  topics  covered  in  this  /brief  review, 
probably  none  suffers  more  than  atomic  energy  by 
being  ti'eated  in  just  a few  paragraphs.  i 

While  most  of  the  fundamental  reseai'ch  and  dis- 
coveries of  60  and  70  years  ago  were  ma^e  in  Europe, 
Canadian  scientists  contributed  fundamental  discoveries 
almost  from  the  beginning.  Most  of  die  work  in 
Canada  was  done  by  a handful  of  mem  in  various 
universities,  and  by  a small  group  of  scientists  at  the 
National  Research  Council. 

The  advent  of  the  Second  World  War  'coincided 
w'ith  the  discovery  that  atomic  fission  might  result  in 
the  release  of  fantastic  amounts  of  energy.  The  w'ar 


:ga\e  impetus  to  research  and  in  1943  a joint  Canadian- 
Biiiish  atomic.-  c-nergy  project  was  established  in  Mon- 
trt-aJ  under  the-  direction  of  the  National  Research 
Counc'il 

The  work  of  this  group  soon  was  co-ordinated 
morg  closely  with  that  of  American  scientists  and  a 
declsh)u  was  made  to  establish  a small  heavy  water 
reactor  for  pltitonium  production  at  Chalk  River,  north 
of  Ottawa. 

Eventually  the  importance  of  this  work  was  recog- 
nized by  the  creation  of  its  own  administrative  ar- 
' rangement,  a crowm  corpoi-ation  called  Atomic  Energy 
of  Canada  Limited. 

. -This  corporation  has  been  involved  in  the  design 
and  construction  of  increasingly  powerful  reactors,  and 
is  striving  toward  economical  nuclear  electrical  energy. 
The  Hydro  Electrical  Power  Commission  of  Ontario  is 
co-operating  in  this  venture  and  plans  to  add  power 
frora-  AECL’s  Douglas  Point  plant  to  its  own  power 
grid. 

OTHER 

This  small  list  of  topics  chosen  for  treatment  in  a 
few  paragraphs  was  designed  only  to  show  a broad 
spectrum  of  engineering  from  1887  to  the  present. 
Other  projects  are  dealt  with  by  picture  only,  or  by 
photograph  and  cutlines. 


' 
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In  February,  1955,  at  Quebec  City,  final  technical 
preparations  were  made  for  a start  on  one  of  the 
greatest  all-Canadian  projects  of  the  20th  Century- 
construction  of  the  Trans-Canada  Microwave  Radio 
Relay  System. 

Believing  that  the  Bell  com^iany  had  found  the 
basic  answer  to  its  long  distance  expansion  problems 
in  Ontario  and  Quebec,  the  Trans-Canada  Telephone 
System  felt  confident  that  microwave  could  also  pro- 
vide the  scores  of  essential  long  haul  telephone  circuits 
needed  to  handle  the  ever-increasing  volume  of  calls 
between  eastern  and  western  Canada. 

Even  earlier,  the  Trans-Canada  Enginering  Com- 
mittee had  examined  technical  aspects  of  the  Canadian 
Broadcasting  Corporation’s  request  for  a quotation  in 
connection  with  use  of  the  proposed  microwave  chain 
for  television  purposes;  top  executives  from  each  of  the 
seven  telephone  companies  in  the  Trans-Canada  Tele- 
phone System  had  met  under  the  chairmanship  of  T. 
W.  Eadie,  President  of  The  Bell  Telephone  Company 
of  Canada,  to  determine  costs,  operational  expenses 
and  rates.  This  “Quebec  Conference”  of  engineers, 
however,  marked  the  step  which  would  lead  directly 
to  actual  work  on  the  project  on  a national  scarle. 

In  a short  time,  every  phase  of  the  engineering 
design  of  the  microwave  chain  had  been  checked  and 
•Studied.  All  was  in  readiness  for  wholesale  path-testing 
in  various  sections  of  the  western,  eastern  and  maritime 
provinces. 

Speed  was  of  the  essence  if  progress  on  the  chain 
was  to  keep  pace  with  construction  of  new  television 
stations  thaf  were  springing  up  in  every  province. 

In  one  month  engineers  had  completed  the  design 
of  the  network.  Taking  into  consideration  the  number 
of  unknown  factors  involved,  this  in  itself  was  a 
remarkable  achievement.  The  only  major  microwave 
system  in  Canada  at  that  time  had  been  built  by  the 
Bell  Telephone  Company  in  Ontario  and  Quebec. 

The  Bel!  comjrany  had  seen  the  need  for  a large- 
scale  extension  of  its  long  distance  telephone  facilities 
when  the  tide  of  social  and  economical  expansion  made 
itself  felt  in  Canada  after  the  Second  World  ^Var. 
Following  extensive  engineering  .studies,  it  became 
apparent  that  microwave  radio  relay  would  best  meet 
the  requirements  with  regard  to  economy,  reliability 
and  potential  growth.  The  system  envisaged  also  would 
allow  for  the  transmitting  of  network  television  pro- 
grams, thus  filling  anothci'  communications  need. 

Esc  lirst  was  made  of  microwave  radio  rela\’  in 
(ianada  in  1953  for  the  vital  Montrcal-Ottawa-'foronto 
triangle,  ’fhe  chain  also  extended  from  'l’oronto  to 
Bulialo  lor  tc'levisiou  purposes.  In  the  summer  of  1951, 
a 18()-mil('  stri'tch  b('tw('('n  Montreal  and  Quc'bcc'  Cilv 
was  placctl  in  sc'ivice. 


The  basic  Trans-Caiiada  Telephone  iniero- 
wavc  network  is  made  up  of  some  150  rela>' 
stations  stretching  from  Ssdney,  N.S.  to 
Victoria,  B.C.  Tallest  tower  is  this  350-foot 
giant  at  Olive,  Ont.,  ahonl  30  miles  west  of 
North  Bay. 


THE  ENGINEERING  JOURNAL  JUNE,  1962 


43 


A 22-miIe  access  road  was  required  to  reach  this  50-foot  microwave  tower  of  the  Trans-Canada  Telephone  System  at 
Salmo,  B.C.  Set  6,990  feet  above  sea  level — making  it  the  highest  of  the  coast-to-eoast  network — this  tower  is  one  of 
the  units  which  manufactures  its  own  electric  power.  Three  diesel  generators  supply  the  power  for  the  station  which  is 
located  too  far  from  eommercial  power  sources  to  permit  economical  construction  of  a power  line. 


Bell  Telephone  made  known  its  ideas  on  a cross- 
country microwave  system  to  six  other  Trans-Canada 
Telephone  organizations— both  government  and  share- 
holder-owned companies— consisting  of  the  Maritime 
Telegraph  & Telephone  Company,  the  New  Brunswick 
Telephone  Company,  the  Manitoba  Telephone  System, 
Saskatchewan  Covernment  Telephones,  Alberta  Govern- 
ment Telephones  and  the  British  Columbia  Telephone 
Company. 

Agreement  was  reached  therefore  to  proceed  with 
the  plan,  with  each  company  in  the  System  assuming 
full  responsibility  for  the  construction  and  maintenance 
of  the  chain  in  its  own  particular  territory.  The  entire 
coast-to-coast  network  was  estimated  to  cost  some 
$50  million. 

That  is  what  led  to  the  work  of  actually  designing 
the  Trans-Canada  microwave  chain.  Right  across  the 
country,  engineers  using  the  best  maps  to  be  had,  (for 
certain  sections  maps  were  not  available  and  extensive 
aerial  surveys  were  undertaken  that  they  might  be 
prepared,)  studied  topography  and  tentatively  selected 
routes.  Because  curvature  of  the  earth  had  to  be  taken 
into  account  in  finding  line-of-sight  paths  for  the  micro- 
wave  beams,  they  searched  for  elevated  sites  to  obtain 
the  proper  distance  between  stations. 

Next,  special  crews  set  out  to  perform  on-the-spot 
inspections.  They  made  special  note  of  the  accessibility 


of  each  site;  higher  land,  trees  or  buildings  that  could 
interfere  with  transmission;  the  likely  cost  of  access 
roads;  and  the  availability  of  commercial  power. 

Then  followed  the  transmission  tests,  involving  use 
of  transmission  measuring  apparatus,  intercommunica- 
tion radios,  portable  aluminum  towers  which  could  be 
erected  to  a height  of  200  ft.  within  24  hours,  and 
parabolic  test  antennae  with  associated  winches.  These 
tests  often  presented  difficulties.  In  several  instances, 
dense  bushlands  had  to  be  cleared  before  testing  equip- 
ment could  be  conveyed  to  the  prospective  site. 

But  engineers  came  through  with  their  most  in- 
genious ideas  when  faced  with  seemingly  insurmount- 
able problems.  In  British  Columbia,  for  example,  they 
hit  upon  a simple  but  extremely  effective  method  of 
avoiding  the  costly  business  of  transporting  heavy 
equipment  up  to  tentative  mountain  sites.  At  each  pro- 
posed site,  an  engineer  established  his  exact  location 
with  walkie-talkie;  then,  using  an  ordinary  hand-mirror, 
he  reflected  the  sun  across  to  his  neighbour.  In  this 
way,  the  clearance  between  the  light  path  and  the  top 
of  any  possible  obstruction  could  be  measured  geo- 
metrically. 

Transmission  tests  largely  determined  whether  or 
not  the  tentative  sites  were  accepted.  Upon  selection 
of  a site,  the  option  was  taken  up  and  the  property 
purchased. 
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Once  the  site  had  been  secured,  access  roads 
\\ere  built,  and  this  was  not  always  an  easy  task.  At 
iCreston,  B.C.,  the  access  road  has  a 20%  grade  and 
'33  switchbacks  in  two  miles.  Between  Hearst  and 
Long  Lac  in  Northwestern  Ontario  where  a wide  area 
had  to  be  bulldozed  through  the  bush,  tire  contractor 
was  obliged  to  organize  a caravan  for  his  men,  with 
mobile  bunk-house,  restaurant  and  water-wagon,  drawn 
on  trailers  along  the  Trans-Canada  Highway,  parallel 
with  the  planned  microwave  route.  And  at  the  Dog 
Mountain  site  near  Hope,  B.C.,  steep  slopes  and  rock 
outcrops  made  an  access  road  of  any  description  quite 
out  of  the  question.  Instead,  an  aerial  tramway,  11,800 
ft.  long  was  consti'ucted.  The  tramway  lifts  men  and 
: material  through  4,400  ft.  at  speeds  of  between  five 
; and  10  miles  an  hour. 

After  construction  of  access  roads  came  foundation 
j work,  and  the  erection  of  small  buildings  to  house 
! radio  equipment  and  associated  apparatus,  followed 
j b)'  the  huge  steel  towers,  anywhere  from  40  to  670 
1 ft.  high  and  weighing  as  much  as  120  tons.  Each  of 
I diese  tliree  steps  toward  placing  a relay  station  in 
' service  often  presented  its  own  peculiar  complications. 

The  foundation  for  one  side  of  an  equipment 
building  at  Hedley,  B.C.,  where  a shortage  of  working 
space  was  encountered,  had  to  be  13y2  ft.  high.  In 
Southern  Saskatchewan,  tower  foundation  work  ran 
into  trouble  due  to  gumbo  soil  conditions.  Here,  the 


gumbo  soil  was  e.xtremely  deep  and  it  tended  to  be 
quite  liquid  for  several  feet  below  the  surface.  The 
answer  was  regular  spread  footings  placed  well  below 
the  frost  line,  with  each  footing  bound  to  four  rein- 
forced concrete  piles,  15  ft.  long,  constmcted  in  holes 
made  in  the  gumbo. 

All  of  these  complexities,  and  many  more,  were 
ironed  out  and,  despite  an  exceedingly  tight  schedule, 
the  various  sections  of  the  microwave  chain  traced 
their  way  across  the  countryside,  and  went  into  service 
as  originally  planned. 

The  Toronto-North  Bay-Winnipeg  section  was 
placed  in  operation  in  September,  1956.  By  December 
of  that  year,  the  Saint  John-Moncton-Halifax-Sydney 
stretch  had  opened,  and  Vancouver  and  Victoria  inter- 
connected. April,  1957,  saw  the  Winnipeg-Regina 
section  of  the  chain  in  operation,  followed  by  Regina- 
Saskatoon  in  June,  Regina-Calgary  and  Edmonton- 
Calgary-Lethbridge  sections  in  November,  1957.  Char- 
lottetown was  also  added  to  the  network  in  November, 
1957.  The  Quebec  City-Saint  John  link  was  opened 
in  February,  1958,  bringing  an  estimated  half-a-million 
viewers  in  the  three  maritime  provinces  within  the 
scope  of  the  national  television  network.  By  this  time, 
the  microwave  chain  was  complete  as  far  west  as 
Calgary.  The  final  link  was  the  572-mile,  19-tower 
stretch  between  Calgary  and  Vancouver  opened  on 
July  1,  1958,  which  marked  completion  of  the  entire 
coast-to-coast  project. 


This  microwave  radio  relay  station  at  Creston,  B.C.,  is  at  an  altitude  of  6,900  feet.  Its  access  road  has  a 20  per  cent 

grade  and  33  switchbacks  in  two  miles. 
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The  Trans-Canada  Telephone  System’s  microwave 
radio  relay  system  covers  some  3,900  miles  from 
Sydney,  Nova  Scotia,  to  Victoria,  and  is  recognized 
as  the  longest  in  the  world.  Spur  lines  already  in 
service  to  other  Canadian  centres  total  an  additional 
1,400  miles. 

Additional  microwave  facilities  are  beginning  to 
reach  the  expanses  of  Northern  Canada.  On  June  1, 
1958,  The  Bell  Telephone  Company  of  Canada  and 
Quebec-Telephone  opened  a fropospheric  scatter  system 
that  provides  scores  of  telephone  circuits  to  help  open 
up  untold  resources  of  Northern  Quebec  and  Labrador 
centered  in  the  Scheffer\  ille  (Knob  Lake)  and  Goose 
Bay  areas. 

In  itself  tropospheric  scatter  transmission  — which 
permits  relay  stations  to  be  placed  as  much  as  200 
miles  apart  instead  of  fhe  30-mile  average  in  the 
ordinary  microwave  system  — represents  a device  of 
great  potential  opening  up  remote  areas. 

Inauguration  of  the  Montreal-North  Bay  micro- 
wave  radio  relay  network  took  place  in  the  .spring 
of  1959.  Besides  felephone  conversations,  the  Bell 
Telephone  system  carried  French  network  television 
programmes  for  the  Canadian  Broadcasting  Corpora- 
tion from  Montreal  to  Rouyn  via  Ottawa,  North  Bay 
and  Sturgeon  Falls.  It  also  provides  an  alternate 
route  for  English  network  TV  programs. 

A new  Bell  Comjrany  microwave  radio  relay 
system  between  Toronto-London-Windsor  was  also 
opened  in  the  spring  of  1959  to  provide  hundreds 
of  long  distance  telephone  channels  between  these 
cities.  Initial  installations  provided  120  circuits  between 
Toronto  and  London;  60  between  London  and  Wind- 
sor. When  fully  developed,  the  system  will  carry  as 
many  as  480  telephone  convei'sations  simultaneously 
on  each  of  five  radio  channels — 2,400  conversations 
in  all.  The  Western  Ontario  system,  which  is  linked 
with  the  Trans-Canada  system,  has  eight  relay  stat'dns 
and  two  terminal  points.  The  latter  are  located  at 
Toronto  and  Windsor. 

During  1959,  a link  was  built  by  the  Canadian 
National  Telegraphs  to  connect  some  three  additional 
service  points  in  Newfoundland  to  the  coast-to-coast 
television  network  at  North  Sydney,  N.S. 

Since  September,  1959,  the  Trans-Canada  Tele- 
phone System  microwave  network  has  been  extended 
to  include:  Matane  and  Rouyn,  in  Quebec;  Prince 
Albert,  Swift  Current,  Moose  Jaw  and  Yorkton,  in 
Saskatchewan;  Medicine  Hat  and  Lethbridge  in  Al- 
berta, and  from  Edmonton,  east  to  Llovdminster  on 
the  Alberta-Saskatchewan  border;  Trail,  Kelowna  and 
Kamloops,  in  British  Columbia. 

A time  delay  system  is  in  effect  between  Calgarv 
and  various  points  in  Alberta,  Saskatchewan  and 
British  Columbia.  This  delay  system  permits  viewers 
to  see  their  favorite  programs  at  the  same  local  time 
in  each  of  the  cities  where  they  are  broadcast. 

In  June,  1960,  a survey  team  left  Trouble  Moun- 
tain in  Northern  Quebec  to  map  a route  for  a radio 
relay  system  that  now  brings  direct  telephone  service 
to  the  North  Shore  community  of  Gagnon.  A joint 
venture  of  the  Bell  Telephone  Company  and  Quebec- 
Telephone,  the  system  has  been  in  operation  for  almost 
two  years  and  is  scheduled  for  conversion  to  dial  in 
1962. 

In  July,  1961,  S.  W.  Caldwell,  president  of  CTV 
Television  Network  Limited  and  The  Bell  Telephone 
Company  of  Canada,  acting  on  behalf  of  the  Trans- 
Canada  Telephone  System,  reached  agreement  con- 
cerning the  building  of  a new  facility  for  this  new 
independent  television  network. 


Areas  in  which  television  viewers  will  have  ail 
choice  of  two  Canadian  network  programs  in  English  « 
will  centre  in  Halifax,  Montreal,  Ottawa,  Toronto.  U 
Winnipeg,  Calgary,  Edmonton  and  Vancouver— where'™ 
the  eight  charter  CTV  member  stations  are  located- 
other  areas  will  be  added  as  the  network  expands. 

Equipping  the  3,400  mile  electronic  skyway  to 
carry  live  television  for  the  new  network  will  involve 
additional  installations  in  more  than  130  of  the  tele- 
phone  system’s  relay  stations  from  coast-to-coast.  In 
some  cases,  equipment  buildings  at  the  bases  of  micro-  ‘ 
wave  towers  will  be  enlarged,  and  in  others,  additional  ; 
antennae  will  be  installed. 

The  present  Trans-Canada  microwave  network  j 
will  have  an  ultimate  capacity  of  up  to  12  two-way  1 
channels  including  two  protection  channels.  Special  ! 
gear  will  automatically  substitute  a protection  channel  ' 
for  any  regular  channel  which  fades  below  a minimum  ; 
level.  A channel  can  carry  up  to  480  simultaneous  ;| 
telephone  conversations  whereas  a television  program  i| 
requires  the  full  use  of  one  channel.  ) 

Like  light,  microwaves  travel  in  straight  lines  at  S' 
the  speed  of  186,000  miles  a second.  Relay  points,  I 
therefore,  are  needed  every  25  to  30  miles  to  provide 
line-of-sight  paths.  Contained  in  the  network  are  139  f 
relay  points.  The  galvanized  steel  towers  are  staggered  | 
to  ensure  that  signals  from  one  tower  do  not  over-  si 
shoot  the  next  tower  in  line  and  pass  on  to  the  third. 

The  Trans-Canada  microwave  chain  operates  ; 
broadly  in  tliis  way:  Words  spoken  into  the  telephone, 
and  images  picked  up  by  tlie  television  camera,  are  ; 
converted  into  electrical  impulses.  These  impulses  are  j 
fed  into  the  microwave  system  at  tenminal  stations,  ! 
such  as  those  at  Vancouver  and  Montreal.  Carrier  j| 
equipment  then  boosts  their  original  frequency  to  that  j! 
of  the  microwave  system  and  they  scoot  up  the  inside 
of  a hollow  pipe  wave-guide  to  a huge  metal  antenna, 
weighing  1,700  lb.  and  measuring  'afbout  20  ft,  in  , 
height  by  11  ft.  wide.  j 

The  antenna  focuses  the  microwaves  into  a beam 
only  two  degrees  wide,  aimed  directly  at  the  next 
tower  in  the  chain.  So  eflScient  is  the  antenna  that  less  i 
than  one  watt  of  power— about  the  amount  needed  i 
to  operate  a flashlight  bulb— is  needed  to  span  the  j 
distance  between  the  two  stations.  . 

Gathered  in  by  the  wide-mouthed  antenna  at  the 
next  station,  the  signals  shoot  down  another  length  of  i 
wave-guide  to  the  microwave  relay  equipment  in  the  j 
equipment  building.  Here,  the  signals  receive  a boost 
in  power  and  then  are  sent  up  through  another  antenna  | 
and  beamed  at  the  next  tower.  This  procedure  is  ' 
followed  all  along  the  route.  j 

At  the  reception  end  of  the  network,  further  j 
equipment  reduces  the  telephone  conversations  and  ' 
the  television  programs  back  to  their  original  fre- 
quencies. After  further  degrees  of  processing,  they 
then  are  fed  to  their  outlets— the  telephone  receiver, 
or  the  television  broadcasting  station.  The  time  taken 
from  coast-to-coast  is  one-fiftieth  of  a second. 

Relay  stations  are  unattended,  but  the  equipment  j 
is  designed  to  diagnose  any  trouble  that  may  occur 
and  automatically  sound  the  alarm.  Each  station  is  : 
visited  on  a regularly  scheduled  basis  for  routine  main-  ( 
tenance. 

In  addition  to  microwave  network  routes  between  f 
Canadian  centres,  there  are  also  links  from  Canada 
to  points  in  the  United  States.  These  include  Saint 
John,  N.B.,  to  Portland,  Me.,  Montreal  to  New  York, 
Toronto  to  Buffalo,  Windsor  to  Detroit,  Winnipeg  to 
Fargo,  N.D.,  Calgary  to  Helena,  Mont.,  and  Vancouver 
to  Seattle. 
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ONE  HUNDRED  YEARS  OF  ASBESTOS 

IN  CANADA 

H.  M.  W oodrooffe 


Supervisor,  Industrial  Minerals  Sub-Division,  Mineral  Processing  Division,  Mines 
Branch,  Department  of  Mines  and  Technical  Surveys. 


I The  original  discovery  in  Canada  of  the  mineral 
■ asbestos  has  been  lost  in  the  obscurity  of  history.  It 
had  been  known  in  Eastern  Canada  many  decades  be- 
fore its  commercial  importance  was  recognized.  In  a 
history  of  the  Eastern  Townships,  published  in  1869, 
there  is  reference  to  an  occurrence  in  South  Stukeley 
and  the  author  observes  “the  finer  varieties  have  been 
wrought  into  gloves  and  doth  which  are  noncombust- 
ible”. That  remarkable  individual  of  the  18th  Century, 
Benjamin  Franklin,  who  was  not  unfamiliar  with  what 
is  now  Canada  in  1725  approached  Sir  Hans  Sloane, 
President  of  the  Royal  Society  and  Court  Physician 
in  England,  with  the  following  communication: 

’June  2,  1725. 

‘Sir, 

Having  lately  been  in  the  Northern  Parts  of 
America,  I have  brought  from  thence  a Purse  made 
of  the  Stone  Asbestus,  a Piece  of  the  Stone,  and  a 
Piece  of  Wood,  the  Pithy  Part  of  which  is  of  the  same 
Nature,  and  call’d  by  the  Inhabitants  Salamander 
Cotton.  As  you  are  noted  to  be  a Lover  of  Curiosities, 
I have  inform’d  you  of  these;  and  if  you  have  any 
Inclination  to  purchase  them,  or  see  ’em,  let  me  know 
your  Pleasure  by  a Line  directed  for  me  at  the 
Golden  Fan  in  Little  Britain,  and  I will  wait  upon 
you  with  them. 

I am,  Sir,  your  most  humble  servant, 

Benjamin  Franklin. 

P.S.  I expect  to  be  out  of  Town  in  two  or  three  Days, 
and  therefore  beg  an  immediate  Answer.’ 


It  is  reasonable  to  assume  that  the  source  of  his 
specimen  was  Quebec.  The  first  reference  to  chrysotile 
occurring  in  serpentine  in  Canada  by  the  Geological 
Survey  is  in  a report  covering  the  period  1847  to 
1848.  Little  significance  was  given  this  observation. 
By  1860,  a promising  occurrence  had  come  to  light 
in  the  Seigniory  of  St.  Joseph,  Beauce  County,  close 
to  the  junction  of  the  Rivière  aux  Plantes  and  the 
Chaudière  River.  Local  residents  of  the  period  made 
reference  to  the  mineral  as  “Coton  à Pierre”.  Samples 
exhibited  at  an  industrial  exposition  in  London  just 
100  years  ago  excited  more  than  academic  interest 
in  the  mineral’s  potentialities.  The  amphibole  varieties 
from  Italy  were  at  that  time  beginning  to  find  an  ap- 
plication in  industiy. 


As  a consequence  of  the  constmction  of  the  Que- 
bec Central  Railway  through  the  Eastern  Towmships 
in  the  late  70’s  significant  deposits  of  chry'sotile  be- 
came known.  The  discovery  in  the  Black  Lake-Thet- 
ford  region  has  been  attributed,  by  some,  to  Robert 
Ward,  and  by  others,  to  a Mr.  Fecteau.  The  location 
of  the  original  discovery  is  thought  to  be  what  beciune 
the  Bennett-Martin  pit,  later  acquired  by  the  Asbestos 
Corporation  Limited.  Although  Bell  Compaip'  of  Lon- 
don, England,  had  previously  in  1875  begun  develop- 
ing an  occurrence  in  Wolfestown  Township,  the  first 
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production  recorded  commercially  was  in  1878  from 
the  property  of  Andrew  Johnson,  at  Thetford.  Fifty 
tons  of  crude  asbestos  were  shipped  that  year.  Produc- 
tion has  been  continuous  and  today  Andrew  Johnson’s 
pit  is  the  underground  mine  of  Johnson’s  Company 
Limited.  Members  of  the  Johnson  family  are  still  ac- 
tive in  the  company.  The  Bell  Mine,  operated  by  Bell 
Asbestos  Mines  Limited,  and  the  pit  operated  by  the 
King  Brothers  of  Quebec,  now  the  King  Mine  of 
Asbestos  Corporation  Limited,  were  developed  about 
the  same  time. 


Developments  in  the  fust  few  years  were  rapid. 
Favorable  asbestos  ground  was  quickly  taken  up,  and 
by  1887  there  were  11  operating  companies  which 
produced  4,600  tons  of  asbestos  with  an  average  value 
of  $49.55  per  ton.  Canada’s  largest  asbestos  mine,  the 
Jeffrey,  operated  by  Canadian  Johns-Manville  Com- 
pany Limited,  had  its  beginning  due  to  the  initiative 
of  W.  H.  Jeffrey.  The  mine  which  bad  been  selling 
asbestos  to  the  Johns-Manville  Company  was  acquired 
by  the  Manville  Asbestos  Company  in  1916.  This  be- 
came the  Canadian  Johns-Manville  Company  in  1918. 


Broughton.  His  grandson  is  A.  L.  Penhale,  President) 
of  Asbestos  Corporation  Limited.  In  early  experiments 
screen  separation  alone  did  not  prove  successful.  It 
was  soon  recognized,  however,  that  aspiration  from  a ' 
deck  would  draw  the  opened  fibres  from  the  rock. 
This  is  the  principle  followed  by  the  industry  today 
in  its  large  asbestos  mills.  The  first  mill  for  processing 
asbestos  ore  was  erected  at  the  Jeffrey  mine  in  1895. 
As  mechanical  separation  took  hold  and  was  developed 
further,  new  equipment  peculiar  to  the  industry  ap- 
peared. 


Today  milling  of  asbestos  is  a complex  operation. 
Many  different  grades  are  required  for  industrial  ap- 
plication and  the  preparation  of  these  has  developed 
much  mechanical  ingenuity.  Recent  mill  installations 
are  up  to  14  stories  high,  incorporating  the  most  up- 
to-date  practices  of  dust  control  and  materials  hand- 
ling. Large  quantities  of  air  are  needed  for  the  separa- 
tion of  the  fibre  and  for  dust  control.  The  largest 
Canadian  mill  with  an  annual  capacity  exceeding  50% 
of  the  total  output  uses  more  than  million  cu.  ft. 
of  air  per  minute. 


Canada’s  position  as  an  exporter  of  asbestos  was 
established  in  the  beginning  as  the  usefulness  of  the 
mineral  was  recognized  in  world  markets.  Because  of 
its  ability  to  be  spun  and  woven  into  textiles  the 
market  grew  rapidly.  By  1890  the  annual  production 
exceeded  $1  million. 

In  the  early  days  all  mines  used  hand  labor. 
Manual  drilling,  breaking,  and  cobbing  were  the  se- 
quence of  operations  necessaiy  for  separating  the 
longer  fibres  from  the  waste  rock.  As  the  market  in- 
creased, the  need  for  mechanical  processing  became 
apparent  in  order  to  market  the  quality  of  fibre  de- 
sired by  industiy. 


The  asbestos  industry  has  been  aware  of  the  need 
for  quality  control  in  preparing  asbestos  for  today’s 
markets.  In  1961  the  Quebec  Asbestos  Mining  Associ- 
ation established  a Fibre  Standards  Laboratory  at  the 
University  of  Sherbrooke  to  act  as  an  impartial  testing 
unit  which  will  ensm-e  uniformity  of  grading  through- 
out the  Quebec  industries. 

The  production  of  asbestos  is  no  longer  confined 
to  Quebec;  there  are  operating  mines  in  British 
Columbia  and  Ontario,  and  next  year  production  will 
begin  in  Newfoundland.  The  industiy  today  is  made 
up  of  11  companies  operating  15  mines. 


In  the  early  days  handling  of  the  broken  ore  from 
the  pit  was  in  wooden  boxes  raised  by  simple  horse- 
powered  derricks.  As  the  pits  became  larger  and 
deeper,  cableway  derricks  were  installed.  In  some 
cases  there  were  as  many  as  10  of  these  spanning 
1000  ft.,  servicing  a single  opening.  As  the  Jeffrey 
Mine  developed,  a steam  railway  was  introduced  to 
move  the  ore  to  the  mill.  As  the  mining  operations 
were  carried  out  at  deeper  levels  there  was  a transition 
in  the  older  pits  to  underground  mines  based  on  the 
block-caving  principle. 


The  present-day  asbestos  open  pit  is  a highly 
efficient  undertaking,  using  advanced  drilling  tech- 
niques, breaking  rock  by  ammonium  nitrate-fuel  oil 
explosives  and  loading  by  large  power  shovels.  The 
broken  ore  is  transported  by  modem  tnicks,  some  of 
which  in  one  load  are  capable  of  rtansporting  the  ton- 
nage mined  during  the  entire  first  year  of  the  in- 
dustry’s existence. 


NAMES 

Asbestos  Corporation 
Limited 

Bell  Asbestos  Mining  Ltd. 

Canadian  Johns-Manville 
Company  Ltd. 

Carey-Canadian  Mines  Ltd. 

Cassiar  Asbestos  Corpora- 
tion Limited 

Flintkote  Mines  Limited 

Johnson’s  Asbestos  Company 

Johnson’s  Company  Limited 

Lake  Asbestos  of  Quebec 
Ltd. 

National  Asbestos  Mines 
Limited 

Nicolet  Asbestos  Mines 
Limited 


LOCATION 

Beaver,  King,  British  Cana- 
dian, Normandie  (Thetford- 
Black  Lake,  Quebec) 
Thetford,  Quebec 
Jeffrey  at  Asbestos,  Quebec. 
Munro  near  Matheson,  Que- 
bec. 

Near  Tring  Junction,  Que- 
bec. 

Cassiar,  B C. 

Near  Thetford  Mines,  Que- 
bec. 

Black  Lake,  Quebec. 
Thetford  Mines,  Quebec. 
Black  Lake. 

Near  Thetford  Mines. 

Norbestos,  Quebec. 


Mechanically  separating  fibre  from  the  host  roc'k 
was  attempted  experimentally  in  1888  by  a Cornish- 
man,  Matthew  Penhale,  Manager  of  the  Scotish  Cana- 
dian Company,  operating  mines  in  Coleraine  and 


From  its  humble  beginning  85  years  ago,  as- 
bestos mining  has  grown  to  a $100  million  a year  in- 
dustry. Current  production  is  in  excess  of  one  million 
tons  annually  of  which  more  than  95%  is  shipped  from 
Canada  to  markets  around  the  world. 
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|ck  Brothers  Limited 
|ud  to  have  worked  with 
ëers  in  Canadian  industry 
years. 

lished  in  1897,  the  company 
ilfactures  a wide  range  of  top 
'|y  mechanical  equipment.  In  addition, 
fesents  some  of  the  foremost 
leering  and  manufacturing 
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Box  1040,  Montreal  3,  Que. 
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neering  and  Industrial  Equipment  since  1897 


Vancouj 


The  ‘old’  Helen  iron  mine,  Michipicoten  area  of  Ontario,  1906. 


THE  CANADIAN  IRON  ORE  INDUSTRY 
Its  History  and  Development 


T.  H.  Janes 

Scientific  Officer,  Mineral  Resources  Division,  Department  of  Mines  and  Technical  Surveys. 


Iron  ore  mining  in  Canada  has  had  a long  history 
marked  by  extended  periods  of  little  or  no  progress. 
However,  the  modern  era,  measured  from  the  resump- 
tion of  iron  mining  operations  in  1939  at  the  Helen 
mine  of  Algoma  Ore  Properties  in  the  Michipicoten 
area  of  Ontario,  has  been  characterized  by  widespread, 
rapid  growth  and  diversification.  From  1886  to  1924, 
recorded  production  of  iron  ore  in  Canada  was  6,620,- 
872  short  tons  valued  at  about  $16.8  million.  There 
were  no  shipments  from  1925  to  1938  inclusive.  Be- 
tween 1939  and  the  end  of  1961  shipments  were  182,- 
892,239  tons  valued  at  $1,351,325,281.  Current  pro- 
duction is  from  20  mines  operated  by  12  companies  in 
Newfoundland,  Quebec,  Ontario  and  British  Columbia. 


The  1667  to  1924  Period 

The  early  forges  and  steelmaking  facilities  in  Can- 
ada were  based  on  local  ores  and  local  iron  and  steel 
requirements.  Limonitic  iron  ore  was  known  to  exist 
in  the  Seigniory  of  St.  Maurice,  near  Trois-Rivieres, 
Que.,  as  early  as  1667  and  in  1733  there  was  one 
forge  in  operation.  A number  of  other  small  plants  all 
based  on  local  ores  and  needs  were  built  at  various 
locations  in  Canada  during  the  latter  part  of  the  eight- 
eenth and  in  the  nineteenth  centuries.  The  first  blast 
furnace  in  Ontario  was  built  at  Lyndhurst,  north  of 
Kingston,  in  1800.  The  second  was  at  Normandale  in 
Western  Ontario  in  1815  and  was  operated  by  various 
owners  until  1847.  In  Nova  Scotia  an  attempt  was 
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lade  to  produce  iron  in  Picton  county  Irom  local  ores 
1829  but  the  product  ^^’as  of  poor  quality  and  not 
liable.  In  1872,  the  Hope  Iron  Works  was  established 
\ the  same  area  and  a successor  company,  formed  the 
[ext  \ ear,  continued  using  ore  from  Londonderry  and 
cadia  mines  until  it  failed  in  1883.  The  Nova  Scotia 
orge  Company  began  operations  in  1879  using 
rought  iron  and  scrap  as  raw  material,  installed  an 
pen  hearth  steelmaking  furnace  in  1883  and  changed 
'i  name  to  Nova  Scotia  Steel  Company.  A blast  fur- 
iace  was  built  at  Ferrona  (North  New  Glasgow)  in 
888  to  smélt  ore  from  Picton  county.  Through  pur- 
hases  of  other  companies  and  amalgamations  this 
tompany  became  the  present  Dominion  Steel  and  Coal 
jlorporation.  Limited,  in  1930.  It  has  obtained  tlie 
pajor  portion  of  iron  ore  requirements  from  company- 
wned  mines  on  Bell  Island,  Nfld.,  but  predecessor 
ompanies  had  relied  largely  on  local  iron  ore. 

The  struggling  Canadian  iron  and  steel  industry 
luring  the  nineteenth  century  suffered  from  small, 
ridely-separated  markets  and  from  competition  of 
aetal  imported  from  England  and  the  United  States. 
Notwithstanding  certain  ‘protectionist’  measures,  first 
ntioduced  in  1879,  Canadian  production  did  not  in- 
•rease  sufficiently  to  satisfy  the  widely-scattered 
lomestic  market  and  iron  and  steel  imports  continued 
0 increase.  In  1912,  after  having  paid  out  $17.4 
nillion  in  helping  to  establish  the  industry,  all  forms 
)f  bounty  assistance  by  the  Federal  Government  were 
vithdrawn. 


The  discovery  in  the  United  States  of  large 
deposits  of  direct-shipping  hematite  on  the  Mesabi 
Range  of  Minnesota  about  1890  and  subsequent  devel- 
opment to  production  of  mines  on  it  greatly  reduced 
the  market  for  Canadian  iron  ore  in  the  United  States. 
Integrated  steelworks  in  Ontario  also  turned  to  the 
Lake  Superior  area  of  the  United  States  for  their 
iron  ore.  It  was  primarily  on  Mesabi  ore  that  Canada’s 
two  largest  integrated  steel  companies— The  Steel 
Company  of  Canada,  Limited  at  Hamilton  and  The 
Algoma  Steel  Corporation,  Limited  at  Sault  Ste.  Marie 
—based  their  operations  as  did  Dominion  Foundries 
and  Steel  Limited  in  Hamilton  starting  in  1951.  From 
1924  to  1938,  all  iron  ore  consumed  in  Canadian  steel 
plants  was  imported,  almost  entirely  from  the  head 
of  the  Great  Lakes  region  in  the  United  States.  In- 
terest in  Canada’s  iron  ore  potential  was  not  revived 
until  the  mid-1940’s  following  great  demands  on  the 
Mesabi  ores  as  a result  of  two  World  Wars  and  a rapid 
increase  in  United  States  steel  production,  iron  ore 
requirements  and  changing  blast  furnace  blending 
practices. 


Renewed  Interest  in  Canadian  Iron  Ore 

Some  iron  ore  and  steel  interests  in  the  United 
States  recognized  the  foregoing  problems  even  in  pre- 
Second  World  War  years  but  little  was  done  to  search 
for  alternative  sources  of  supply  to  Mesabi  ores  until 
after  the  xvar.  Because  of  geographical  proximity. 


Mine  and  mill  of  Quebec  Cartier  Mining  Company’s  Lac  Jeannine  operation  near  Gagnon,  Quebec. 
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internal  lines  of  transportation  and  a favorable  political 
and  investment  climate,  the  attention  of  all  major  steel 
and  iron  ore  merchant  companies  turned  northward 
to  Canada  in  search  for  new  iron  sources.  Time  has 
shown  that  this  search,  though  far  from  complete,  has 
been  richly  rewarding. 

Nearly  all  of  Canada’s  major  iron  ore  operations 
are  based  on  areas  that  have  been  long  known  as 
iron-bearing.  The  discovery  of  the  Helen  iron  range  in 
the  Michipicoten  area  of  Ontario  was  made  in  1898  and 
within  two  years  most  of  the  other  ranges  in  the  area 
were  located.  It  was  in  the  late  part  of  the  last  century 
when  A.  P.  Low  of  the  Geological  Survey  of  Canada 
made  his  famous  traverses  inland  from  the  east  coast  of 
the  Labrador  peninsula  and  roughly  mapped  what  has 
since  become  known  as  the  Labrador  Trough.  He  noted 
the  presence  of  iron  formation  and  clearly  stated  its 
possibilities  as  a source  of  iron.  It  was  not  until  1929, 
when  W.  F.  James  and  J.  E.  Gill  conducted  an 
expedition  into  the  area  and  located  what  is  now 
known  as  Iron  Ore  Company  of  Canada’s  Ruth  Lake 
No.  1 ore  body  at  Schefferville,  that  further  attention 
was  paid  to  Low’s  early  work.  In  1933,  Dr.  Gill  headed 
expedition  to  the  Wabush  Lake  area,  now  the 
scene  of  major  development  of  beneficiating-grade  iron 
ore  deposits. 

As  early  as  1897,  geological  survey  parties  were 
convinced  of  the  presence  of  iron  ore  in  the  Steep  Rock 
Lake  area^l40  miles  west  of  Port  Arthur,  Ont.  Largfe 
quantities  of  hard  hematite  ‘float’  ore  were  noted  on  thè 
south  shore  of  the  lake  but  ore  in  place  was  not  found. 
It  wa^  not  until  an  extensive  diamond  drilling  program 
was -conducted  from  1938  to  1941  that  the  large  hemh- 
tite-geothite  iron  orebodies  were  discovered  under  the 
lake.  The  property  was  brought  to  production  in  1944: 

Mention  has  already  been  made  of  the  early 
operations  in  eastern  Ontario,  Quebec  and  Nova  Scotia 
based,  for  the  most  part,  on  small  magnetite  deposits. 
Many  of  them  were  operated  around  the  turn  of  the 
century  and  most  have  been  re-examined  in  recent 
years,  with  a view  to  resuming  production.  Of  them 
only  Hilton  Mines,  Ltd.  is  producing.  Marmoraton 
Mining  Comjrany  Limited  is  an  exception  to  the  “long- 
known-deposit’  rule  in  that  it  started  production  of  iron 
ore  pellets  in  19.5.5  from  a magnetite  deposit  near  Mar- 
mora, Ont.,  discovered  as  recently  as  1949  by  an  air- 
borne geophysical  survey. 

The  occurrence  of  magnetite  deposits  on  the  coast 
of  British  Columbia,  on  the  offshore  islands  and  on 
Vancouver  Island  has  been  on  record  for  more  than  a 
century.  Officers  of  the  Geophysical  Survey  of  Canada 
have  reported  upon  them  since  1873.  First  shipments 
of  magnetite  from  the  Texada  Island  deposits  were 
made  in  1885  and  intermittent  shijiments  were  made 
until  closure  of  operations  in  1908.  Texada  Mines 
Limited  made  its  first  shipments  of  magnetite  from 
these  deposits  in  1952  and  to  the  end  of  1961  had 
exported  some  3 million  tons.  Several  other  deposits 
have  been  developed,  or  are  being  develoj^ed,  to  pro- 
duction in  the  pa.st  decade.  Most  of  these  were  dis- 
covered and  examined  before  the  turn  of  the  centnrv. 


The  Wabana  iron  ore  deposits  on  Bell  Islai  j 
Nfld.,  have  been  operated  successfully  since  1895  wh 
the  first  shipment  from  a surface  exposure  was  made 
Halifax.  For  most  of  their  history  the  Wabana  mii 
have  been  operated  as  submarine  mines  on  ‘slop 
that  now  extend  up  to  three  miles  under  the  oce! 
floor. 


Current  Developments  and  the  Future 

In  addition  to  production  at  Schefferville,  Ir(  m , 
Ore  Company  of  Canada  is  developing  large  iron  oi  I 
bodies  at  Wabush  Lake,  Labrador,  for  initial  produl'  ■ 
tion  of  concentrates  in  1962  at  a capacity  rate  of  I 
million  tons  a year.  Quebec  Cartier  Mining  CompaiLj 
made  initial  shipments  of  concentrate  in  mid-19M4 
from  Port  Cartier,  Que.  Its  operation  at  Lac  Jeanninll*" 
193  rail  miles  north  of  Port  Cartier,  is  designed  to  mii| 
and  concentrate  20  million  tons  of  crude  ore  a year  ' 
recover  8 million  tons  of  concentrate,  averaging 
iron.  Wabush  Iron  Co.  Limited,  some  85  miles  nortl 
east  of  Lac  Jeannine  but  in  Labrador  near  Iron  Oi 
Company  of  Canada’s  Wabush  Lake  operations,  is  p'n 
ceeding  with  a $300-million  development  for  capacil 
production  of  6.0  million  tons  of  concentrate  a yet 
with  initial  shipments  scheduled  for  1964.  The  thrt 
operations  will  add  21  million  tons  a year  to  Ganada’, 
iron  ore  production  capacity. 

Canadian  iron  ore  shipments  in  1960  and  196| 
were  18.2  million  tons  and  d9-2  million  tons,  res;^(' 
tively,  valued  at  $175.1  million  and  $180.5  milliOi” 
Forecasts  indicate  that  production  capacity  will  ii| 
crease  to  about  45  million  tons  in  1965  and  to  betwee) 
60  and  70  million  tons  in  1970.  , 

■ ■’  Ï 

Although  the  Canadian  iron  ore  industry  is  firmli 
established  it  is  not  without  its  difficulties. , Canadia, 
producers  must  meet  severe  competition  in  the  Fre| 
World’s  major  steelmaking  countries  from  producers  cf 
high-grade  direct-shipping  ores  in  other  countrie.J 
Therefore,  product  research  on  direct-shipping  ore| 
and  the  development  of  properties  for  production  oj| 
high-grade  concentrates  and  agglomerates  have  becom 
of  prime  importance  to  the  Canadian  iron  ore  industryi 

Sufficient  exploration  and  development  has  takeif 
place  in  Canada  to  indicate  very  clearly  that  tlnl 
country’s  iron  ore  resources  are  very  large  and  monj: 
than  sufficient  to  satisfy  domestic  requirements  ancj 
meet  export  demands  for  many,  many  decades.  Noj 
only  does  Canada  possess  large  reserves  of  direct  j f 
shipping  ore  but  it  also  has  vast  reserves  of  loweli 
grade  iron-bearing  material  that  is  readily  amenabkj 
to  beneficiating  into  premium  quality  products.  It  i;J 
meaningless  to  place  an  arithmetical  figure  on  iron 
ore  reserves  because  such  an  estimate  would  amouni;  i 
to  little  more  than  a guess  based  on  geological  recon  : > 
naissance,  supported  by  what  is  best  termed  ‘a  rela  'i  i 
tively  limited  amount  of  diamond  drilling’.  They  do> 
liowever,  amount  to  many  billions  of  tons  and  witlj 
continuing  favorable  operating  conditions  and  co- 
operation between  governments  and  companies  the  ironji 
ore  industry  will  grow  and  make  an  ever-increasing|] 
contribution  to  Canada’s  trade  and  economic  wellj 
being. 
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(GENERAL  CONTRACTORS) 


Company  Limited 


The  Company  was  established  in  1922  and  its  larger 
contracts  have  included  bridges,  dams,  hydro-electric 
developments,  wharves,  viaducts  and  tunnels.  Among  the 
bridges  are  those  at  Bout-de-ITIe,  Pie  IX  Street,  Viau  Street, 
lie  Perreault,  Ste.  Rose,  St.  Eustache,  Bordeaux,  the  sub- 
structure of  Jacques  Cartier  and  Mercier,  all  in  the  Montreal 
area,  Chambly,  Three  Rivers,  Gaspe  and  Valleyfleld. 

Dams  and  hydro-electric  developments  include  those  at 
Passe  Dangereuse  on  the  Peribonka  River,  Rapid  No.  7 at 
Abitibi,  Lake  Metis,  Lake  Morin,  Power  Houses  Numbers  2 
and  3 which  develop  1,700,000  K.W.  at  Beauharnois,  the 
first  and  second  stage  power  houses  which  develop 
1,500,000  K.W.  at  Bersimis,  and  Twin  Falls  Development, 
Labrador,  240,000  H.P.  Other  major  contracts  include  the 
Windmill  Point  Wharf,  Sorel  Wharves,  and  the  Wellington 
Street  Tunnel  under  the  Lachine  Canal. 


HYDRO-ELECTRIC  POWER  DEVELOPMENT, 


HYDRO-ELECTRIC  POWER  DEVELOPMENT, 


TWIN  FALLS,  LABRADOR,  NEWFOUNDLAND.  BEAUHARNOIS,  P.  QUE. 


1832  PIE  IX  BLVD.  LA.  1-2154  MONTREAL  4,  QUE. 
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le,  Sudbury  in  1890.  The  discovery  site  in  1883  was 
bend  and  the  first  shaft  is  in  the  central  background. 


at  the  railway 


C.  C.  Allen 


Scientific  Officer,  Mineral  Resources  Division,  Department  of  Mines  and  Technical  Surveys. 


The  history  of  the  nickel  industry  in  Canada  almost 
parallels  the  history  of  engineering  in  Canada  since 
1887.  The  first  reference  to  the  Sudbury  basm  was 
in  1856  when  A.  P.  Salter,  an  Ontario  Land  Surveyor, 
noted  a strong  magnetic  attraction  while  surveying  a 
meridian  north  of  Whitefish  Lake.  Subsequent  assays 
gave  low  values  in  nickel  and  copper.  Nickel-copper 
sulphides  were  rediscovered  in  the  area  in  1883  during 
the  construction  of  the  Canadian  Pacific  Railway.  A 
railway  cut  passed  through  the  mineralized  area  and 
in  later  years  the  Murray  mine  was  developed  on  this 
site.  It  is  one  of  the  currently  operating  mines  of  the 
International  Nickel  Company  of  Canada,  Limited. 
Thus,  engineering  was  of  importance  in  the  initial 
discovery  of  nickel  in  Canada  and  of  tremendous  im- 
portance to  Canada’s  present  gigantic  stature  in  the 
world  nickel  industry. 

The  accompanying  photograph,  taken  in  1890, 
shows  the  Murray  mine  and  the  site  of  the  original 
discovery  adjacent  to  the  railway.  The  Murray  dis- 
covery and  subsequent  ones  in  the  area  quickly  gave 
rise  to  an  infant  Canadian  nickel  industry.  Its  life  was 
precarious  for  a few  years  because  of  overseas  com- 
petition from  vested  interests  but  James  Riley’s  dis- 
covery of  the  importance  of  nickel  in  armament  steel 
gave  it  a new  lease  on  life.  The  Inteimational  Nickel 


Company,  New  Jersey,  was  formed  in  1902.  The  in' 
dustry  expanded,  though  not  without  difficulties,  and 
in  1918  another  crisis  was  reached.  Production  hacj 
expanded  during  the  First  World  War  to  serve  thi 
armament  industry  and  with  the  cessation  of  hostili 
ties  nickel  was  again  in  surplus.  A vast  research  anc 
marketing  program  eventually  succeeded  in  channel 
ling  nickel  into  an  expanding  civilian  market. 

The  International  Nickel  Company  of  Canada 
Limited  was  formed  in  1916  as  a wholly-owned  suh 
sidiary  of  the  New  Jersey  Company  and  in  192f 
became  the  parent  organization.  International  Nicke. 
merged  with  the  Mond  Nickel  Company  Limited  ol 
England  in  1929  and  the  latter  continued  as  a wholly- 
owned  subsidiary. 

Falconbridge  Nickel  Mines  Limited  was  incorp- 
orated in  1928  upon  acquisition  of  the  Bennett  claims 
in  Falconbridge  township,  Sudbury  area.  Falconbridge 
was  brought  into  production  during  the  depression  in 
the  early  1930’s  and  has  grown  continuously  ever 
since.  Currently,  Ventures  Limited,  another  large  Cana- 
dian mining  company,  is  being  merged  with  Falcon- 
bridge. This  merger  will  increase  Falconbridge  assets 
and  give  it  a larger  future  scope.  The  prime  founder 
of  Falconbridge  and  Ventures  was  Thayer  Lindsley, 


Published  by  permission  of  the  Deputy  Minister  of  the  Department  of  Mines  and  Technical 
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ieir  first  president,  who  remains  a director  but  has 
Irned  the  presidency  over  to  Dr.  H.  J.  Fraser. 

International  Nickel  and  Falconbridge  were  the 
ily  significant  Canadian  producers  of  nickel  until 
ter  the  Second  World  War.  Since  the  war  tremendous 
avances  were  made  in  the  pyrometallurgical  treat- 
ent  of  nickel  sulphide  ores,  among  which  were  matte 
otation,  electrolysis  of  sulphide  anodes,  fluid-bed 
■lasting  and  the  recovery  of  high  grade  iron  ore  pellets 
om  pyrohotite  containing  minor  amounts  of  nickel. 

, During  the  Second  World  War,  prospectors  for 
herritt  Gordon  Mines  Limited  discovered  nickel 
iiineralization  in  the  Granville  Lake  area  of  northern 
Manitoba.  Exploratory  work  after  the  war  indicated 
!)mmercial  tonnages  and  Values.  Research  on  metals 
'{traction  from  the  ore  ultimately  led  to  a revolu- 
'onary  method  for  treatment  of  nickel  sulphide  ore 
- the  hydrometallurgical  process  of  pressurized  am- 
lonia  leaching  followed  by  hydrogen  reduction.  The 
rocess,  now  well  established,  was  developed  by  Pro- 
(îssor  Frank  Forward  of  the  University  of  British 
liolumbia.  The  work  was  sponsored  by  Eldon  L. 
jirown,  President  of  Sherritt  Gordon. 

! The  latest  major  expansion  in  the  Canadian  nickel 
ndustry  was  the  development  by  International  Nickel 
if  deposits  at  Thompson,  Man.  Production  plans  were 
|innounced  in  December,  1956,  and  in  March,  1961, 
production  commenced.  This  great  engineering  pro- 
ect  was  under  the  direction  of  R.  D.  Parker,  Senior 
i/ice  President  of  International  Nickel.  What  was 
originally  “bush”  was  transformed  into  a modern 
ownsite.  A 45-mile  railway  and  hydroelectric  power 
;ite  were  built  to  serve  the  town  and  plant.  The 
plant  includes  a concentrator,  smelter  and  electrolytic 
hickel  refinery,  all  of  the  most  modern  and  compact 
iiesign.  Capital  costs  were  more  than  $185  million, 
constituting  Manitoba’s  largest  single  investment. 


The  uses  of  nickel  are  many  and  widespread. 
It  is  primarily  used  as  an  alloying  additive  with  over 
3,000  nickel  alloys  in  current  use.  Free  World  nickel 
consumption  in  1961,  by  percentage  of  total  in  various 
alloys,  as  outlined  by  International  Nickel  was: 


Stainless  steels 34  per  cent 

High-nickel  alloys  14  ” 

Electroplating  14  ” ” 

Nickel-alloy  steels  15  ” ” 

Foundry  products  11  ” ” 

Copper-nickel  alloys  4 

All  other  products  8 


The  use  of  nickel  in  stainless  steel  continues  to 
show  the  most  rapid  growth. 

The  United  States  and  western  Europe  are  the 
largest  Free  World  users  of  nickel  and  in  1961  ac- 
counted for  about  84  per  cent  of  its  consumption. 
Canada  used  about  12  million  pounds,  slightly  more 
than  2%  of  the  Free  World’s  total  consumption. 

Seventy-five  year  ago  the  Canadian  nickel  in- 
dustry had  its  beginning.  Today,  it  is  one  of  Canada’s 
major  industries  and  produced  237,948  short  tons  in 
1961,  more  than  75%  of  the  Free  World’s  nickel  output. 

Annual  production  capacity  in  Canada  is  now 
more  than  242,500  short  tons  of  nickel.  The  industry 
consists  primarily  of  three  well-financed  and  well- 
organized  companies  that  have  grown  rapidly  to  meet 
increasing  demands.  Future  growth  to  meet  expanding 
needs  of  the  Free  World’s  industrial  economies  is  as- 
sured. Canada’s  place  as  the  world’s  leading  producer 
is  premised  on  its  abundant  and  growing  reserves  and 
continuing  research  in  the  processing  and  metallur- 
gical treatment  of  nickel-bearing  ores.  Many  engineer- 
ing horizons  have  been  reached  and  overcome.  It  is 
certain  that  more  will  appear  to  test  engineering  skills 
of  Canadians  and,  in  turn,  be  overcome. 


The  International  Nickel  Company  of  Canada,  Limited’s  new  plant  at  Thompson  in 

northern  Manitoba. 
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Iroquois  Lock  looking  downstream.  This  is  only  lock  completely  equipped  with  sector  gates  for  operating.  Iroquois  dam  to 
right  controls  level  of  Lake  Ontario.  Downstream  is  90  sq.  mile  power  pool  serving  international  powerhouse  at  Cornwell. 


St.  Lawrence  Seaway 


The  St.  Lawrence  Seaway  is  a monument  to  the 
vision  and  skills  of  the  engineer.  The  Seaway  made 
possible  a 2300  mile  deep  waterway  extending  from 
the  head  of  Lake  Superior  to  the  Atlantic  Ocean. 

About  one-sixth  of  the  total  area  of  North  Amer- 
ica is  drained  by  the  Great  Lakes-St.  Lawrence  Sea- 
way system.  In  this  area,  which  contains  about  65 
million  people,  there  is  produced  nearly  SO  per  cent 
of  North  American  steel,  about  half  its  manufactured 
goods  and  more  than  40  per  cent  of  its  food. 

While  the  development  is  known  as  the  Seaway, 
it  should  not  be  ignored  that  the  untapped  hydro 
electric  power  potential  of  the  St.  Lawrence  River  had 
long  been  coveted. 

The  historic  barrier  between  Montreal  and  the 
inland  waters  was  the  Lachiue  rapids  near  Montreal. 
This  was  a problem  even  in  the  days  of  the  fur  trade 
and  small  canals  were  dug  to  circumvent  the  wiki 
waters.  Beyond  Lachine  and  still  separating  the  salt 
water  from  the  Lakehead  were  other  stretches  of 
rapids,  fast  water  and  of  course  the  falls  on  the  Niagara 
River  between  Lake  Ontario  and  Lake  Erie. 

Among  the  early  advocates  of  a Seaway  was 
Thomas  Keefer,  the  first  President  of  what  now  is  the 
Engineering  Institute  of  Canada.  In  a series  of  books, 
pamphlets,  articles  and  speeches  Keefer  advocated  a 


deep-water  passage  into  the  heart  of  North  America. 

By  1904  the  St.  Lawrence,  Soulanges  and  Lachine 
canals  were  completed  with  a 14-foot  draught.  Some 
other  canals  were  deeper,  notably  those  at  Sault  Ste. 
Marie. 

Through  the  years,  particularly  after  the  First 
World  War,  increasing  interest  was  shown  both  in 
improved  navigation  facilities  and  in  power  develop- 
ment. In  1932,  the  year  the  existing  Welland  Canal 
was  opened,  Canada  and  the  United  States  signed  the 
St.  Lawrence  Deep  Waterway  Treaty  which  defined 
the  duties  and  contributions  of  each  country.  The 
United  States  Senate,  however,  failed  to  ratify  the 
Treaty. 

After  the  Second  World  War  Canada  forced  the 
issue.  This  country  told  the  United  States  that  au  all- 
Canadian  project  would  be  built  if  our  neighbor  was 
not  sufficiently  interested  to  participate.  Subsequenth' 
a new  agreement  was  drafted  and  ratified  by  both 
countries. 

The  waterway  agreement  pro\ided  for  a 27-foot 
depth  from  salt  water  to  the  upper  lakes. 

The  Hydro-Electric  Power  Commission  of  On- 
tario and  the  Pow’er  Authoritx'  of  the  State  of  New 
York  harnessed  the  rapids  west  of  Cornwall.  -\  90 
scpiare  mile  power  pool  was  formed,  and  generating 
plants  produce  940,000  kilowatts  lor  each  countr\ . 
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VITAL  STATISTICS 

Following  are  a few  vital  statistics  taken  from 
literature  prepared  by  the  St.  Lawrence  Seaway 
Authority. 

Number  of  locks,  15  (8  on  the  Welland  Ship 
Canal  between  Lake  Ontario  and  Lake  Erie,  built  by 
Canada;  completed  in  1932).  New  locks  in  Canada,  5. 
New  locks  in  the  United  States,  2. 

Lift  of  locks  varies  fi'om  1 ft.  to  46  ft.  Length  of 
locks  766  ft.  Width  of  locks,  80  ft.  Depth  over  lock 
sills,  30  ft. 

Size  of  ships,  715  ft.  long,  72  ft.  wide.  (730  ft. 
long,  75  ft.  wide  under  special  conditions).  Speed 
allowed,  6 m.p.h. 

Depth  of  channels,  27  ft.  Width  of  channels,  200 
ft.  minimum.  Overhead  clearance  at  bridges,  120  ft. 

Traffic  flow,  both  ways,  day  and  night.  The  Water- 
way is  open  from  mid-April  until  early  December. 

Channel  excavation,  Canada  56  million  cu.  yd.. 
United  States  35  million  cu.  yd.  Channel  dredging. 


Canada  18  million  cu.  yd.  United  States  5 million  cu. 
yd.  Concrete  in  locks,  Canada  2 million  cu.  yd..  United 
States  1 million  cu.  yd. 

Largest  number  of  workers  at  peak,  22,000. 
(Canada,  United  States,  navigation  and  power). 

Cost,  Canada:  Navigation  $329  million,  power 
$300  million,  total  $629  million.  United  States:  Navi- 
gation $128  million,  power  $300  million,  total  $422 
million. 

THE  WELLAND  CANAL 

In  1913  the  Canadian  Government  undertook  ajl 
project  which  would  ultimately  form  part  of  the 
completed  seaway.  The  new  Welland  Ship  canal 
fourth  and  largest  of  a series  of  four  canals  built  in 
Canada  to  connect  Lakes  Erie  and  Ontario,  was  com- 
menced in  that  year.  Work  was  suspended  in  the  fall 
of  1916  but  was  resumed  after  World  War  I and 
was  completed  in  1932  at  a capital  cost  of  $130 
million.  A newer  Welland  canal  costing  some  $75-100 


Upper  Beauharnois  canal  under  con- 
struction. Crossing  is  for  the  N.Y. 
Central  R.R. 
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: million  will  be  needed  within  a few  years.  If  the 
Seaway  is  to  carry  its  full  potential  and  pay  for  itself 
in  50  years,  it  is  expected  that  tolls  will  enable  Canada 
; to  build  this  duplicate  soon  enough  to  allow  full  de- 
velopment of  traffic. 

! BEAUHARNOIS 

i 

It  was  R.  A.  C.  Henry,  M.E.I.C.,  then  chief  engi- 
neer of  Beauharnois  Light  Heat  and  Power  Company 
I who  made  the  imaginative  and  far  sighted  proposal 
j that  the  difficulties  of  power  development  in  the 
Soulange  section  should  be  overcome  by  the  construc- 
tion of  a canal  between  Lake  St.  Francis  and  Lake  St. 

I Louis  to  take  the  full  flow  of  the  St.  Lawrence, 
t The  Beauharnois  development,  now  owned  and 
I operated  by  Hydro  Quebec,  is  one  of  the  largest  plants 
in  Canada  with  an  ultimate  capacity  of  more  than 
2,000,000  horsepower.  Located  in  the  Soulange  section 


it  was  commenced  in  1929  with  the  proviso  that  the 
power  canal  would  later  be  improved  and  deepened 
and  widened  to  the  dimensions  necessary  for  use  as  a 
navigation  channel  for  the  Seaway.  The  power  canal 
is  16  miles  long  and  is  now  being  dredged  to  a 27  ft. 
depth  throughout.  Two  locks  have  been  installed  by 
Canada’s  Seaway  Authority. 

Plans  for  the  construction  of  the  seaway  proper, 
however,  involved  agreement  in  detail  between  Can- 
ada and  the  United  States,  and  it  was  not  until  1954 
that  the  men  and  machines  on  each  side  of  the  border 
could  actually  begin  their  huge  task. 

OPENING  CEREMONY 

The  ceremony  in  September,  1958,  at  the  power- 
house on  the  International  Boundary  was  a tribute 
to  the  perfect  co-ordination  that  marked  the  four- 
year  construction  period  of  the  St.  Lawrence  Seaway 


St.  Lambert  Lock  before  road  and  rail 
division  completed.  In  foreground  is 
Victoria  Bridge.  In  background  are  the 
4 piers  of  the  Champlain  Bridge  under 
construction. 
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Seaway  Entrance.  Note  Cofferdam  at  entrance, 
ship  clearance. 


This  portion  of  Jacques  Cartier  bridge  had  to  be  permanently  raised  to  provide  i 


and  Power  Project.  Premier  Leslie  Frost  of  Ontario 
and  Governor  Averill  Harriman  of  New  York  State 
jointly  pressed  a switch  to  start  eight  generators  de- 
livering power  on  a commercial  basis  on  September 
5th,  the  e.xact  date  set  four  years  previously  for  first 
delivery  of  power  and  partial  opening  of  navigation 
through  the  new  locks.  The  opening  of  the  complete 
seaway  on  schedule  was  the  crowning  achievement 
of  this  co-ordination  between  the  Joint  Commission, 
the  Board  of  Control,  the  Joint  Board  of  Engineers, 
the  four  Authorities  and  the  many  contractors  and  sup- 
pliers. 

RAISING  A BRIDGE 

The  smooth  operation  of  the  intensive  four-year 


program  was  marked  by  many  impressive  engineering  i 
accomplishments.  Outstanding  among  these  was  the  | 
raising  of  the  southern  half  of  the  £¥2  mile  Jacques  i 
Cartier  highway  bridge  over  the  St.  Lawrence  at  Mont-  i 
real  harbour  to  provide  adequate  overhead  clearance  i 
for  seaway  vessels.  The  roadway  profile  was  changed  j 
by  jacking  the  spans  and  building  up  the  bridge  piers  1| 
on  which  they  rested  to  increase  the  clearance  by  50  ft.  [ 

NEW  LOCKS 

Canada  has  built  five  of  the  seven  new  locks  on  ( 
the  seaway  between  Montreal  and  Prescott  that  re-  j 
placed  21  on  the  old  system.  The  smooth  working  of  I 
the  gate  machinery  in  the  new  locks  is  another  notable  1 
achievement.  It  takes  only  six  minutes  and  causes  a 1 
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-ninimum  of  water  disturbance  to  fill  or  empty  a lock 
SO  ft.  wide  with  a usable  length  of  768  ft.,  providing  a 
lift  of  6 ft.  This  is  half  the  time  taken  in  the  Welland 
‘Canal  locks  built  some  25  years  ago. 
j A further  33  ft.  was  gained  by  replacing  one  of 
{the  original  deck-truss  spans  with  a ne\^'  through-truss 
span  built  on  falsework  on  one  side  and  slid  laterally 
'Into  place,  pushing  the  old  span  on  to  falsework  on  the 
{other  ^ide.  Translation  of  the  trans-channel  span  took 
.‘place  on  October  20,  1957,  closing  the  bridge  to  traffic 
Ifor  less  than  five  hours  on  a Sunday  morning.  Jacking 
iof  the  bridge  was  completed  on  July  2,  1958.  The 
.'designer  of  the  original  bridge,  the  late  Dr.  P.  L. 
iPratley,  M.E.I.C.,  also  designed  this  modification  which 
fully  preserves  its  artistic  and  practical  value. 

The  two  American  locks  were  opened  to  naviga- 
tion for  ships  of  14  ft.  draught  early  in  July,  1958  and 
by  the  close  of  navigation  a total  of  5289  vessels  had 
passed  through  these  locks  and  through  the  Iroquois 
Lock  on  the  Canadian  side.  By  year-end  work  on  the 
remaining  four  Canadian  locks,  St.  Lambert,  St.  Cath- 
! erine,  and  the  Upper  and  Lower  Beauharnois  locks 
was  completed,  with  the  exception  of  machinery  in- 
! stallation  and  testing  of  the  lock  gates, 
i 

i RAIL  BRIDGES 

i Early  in  October  1958  a 212  ft.  1,500  ton  rail- 
, highway  lift  span,  assembled  a mile  east  of  the  up- 
stream entrance  to  the  Beauharnois  canal,  was  loaded 
I on  two  scows  and  towed  on  three  tugs  to  the  site  of 
I the  Valleyfield  railway  bridge  crossing  the  canal.  After 
one  existing  span  had  been  removed  and  stored  on  pile 
j supports  the  new  lift  span  was  raised  by  pumping  out 
I the  scows  and  let  down  to  exact  position  on  the  bridge 
' piers.  Later  another  212  ft.  span  was  towed  8 miles 
down  the  canal  and  installed  on  the  N.Y.C.-St.  Louis 
rail  bridge. 

INTERNATIONAL  POWERHOUSE 

j Works  of  the  power  project  also  have  been 
brought  into  effect  with  notable  smoothness  of  trans- 
, ition.  One  example  of  this  has  been  the  shortening  of 
the  customary  dry-out  period  on  the  Canadian  gener- 
: ators  in  the  International  Powerhouse,  permitting  the 
first  two  to  be  placed  “on-line”  within  one  week  fol- 
lowing the  raising  of  water  in  the  headpond. 

The  flooding  sequence  of  June  30-July  5,  1958 
was  carried  out  with  remarkably  little  dislocation  of 
river  traffic.  At  4 a.m.  on  June  30,  1958  shipping  was 
cut  off  between  Cornwall  and  Prescott,  Ont.  on  exist- 
ing 14-ft.  draught  canals.  At  midnight  stoplogs  were 
placed  in  the  closure  structure  after  the  last  down- 
bound  vessel  had  cleared.  At  4 a.m.  July  1,  gates  of 
the  Iroquois  dam  were  opened  to  pass  310,000  cubic 
feet  of  water  per  second,  then  at  6 a.m.  the  tunnel 
ports  of  Long  Sault  dam  were  progressively  closed. 

At  8 a.m.  on  July  1 cofferdam  A-1  above  the  Long 
Sault  Rapids  between  Sheek  and  Barnhart  Islands  was 
placed  with  some  35  tons  of  exposive,  releasing  a 30  ft. 
wave  which  slowly  inundated  30,000  acres  of  land 
creating  an  international  lake  35  miles  long  and  5 miles 
wide  at  its  widest  point.  At  9 a.m.  the  cofferdam  at 
Ogden  Island  near  Waddington,  N.Y.  was  bridged. 

With  filling  of  the  pool  completed  July  4,  power 
production  was  commenced  with  two  units  on  tlie 
Canadian  side  while  navigation  was  resumed  on  July 
4.  By  the  end  of  that  month  seven  units  were  produc- 
ing power — three  on  the  Canadian  side  and  four  on 
the  U.S.  side.  At  year-end  eighteen  units  were  in  opera- 
tion, nine  in  each  half  of  the  powerhouse. 
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IDB 

financing 
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Canadian 


The  Industrial  Development  Bank  helps 
finance  small  and  medium-size  Canadian 
businesses  of  almost  every  type  and  for 
a variety  of  purposes. 

If  you  are  engaged  in  a business,  or  plan 
to  start  one — whether  it  is  an  industrial, 
commercial,  trade  or  service  enterprise  — 
and  required  financing  is  not  available 
elsewhere  on  reasonable  terms  and  condi- 
tions, you  are  invited  to  visit  an  I.D.B. 
office  or  write  for  a descriptive  booklet. 


INDUSTRIAL  DEVELOPMENT  BANK 

Regional  Offices;  ST.  JOHN'S,  Nfid.  . HALIFAX,  N.S.  . SAINT  JOHN, 
N.B.  • QUEBEC,  MONTREAL,  P.Q.  • OTTAWA,  TORONTO,  HAMILTON, 
LONDON,  SUDBURY,  PORT  ARTHUR,  Ont.  . WINNIPEG,  Man.  . REGINA, 
SASKATOON.  Sask.  • CALGARY.  EDMONTON,  Alta.  . VANCOUVER,  B.C. 
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A Century  of  Progress  j 

IN  THE  CANADIAN  PETROLEUM  INDUSTRY  || 

R.  A.  Simpson 

Scientific  Officer,  Mineral  Resources  division.  Department  of  Mines  and  Technical  Surveys.  | 


Petroleum  and  natural  gas  are  among  the  great  in- 
dustrial resources  of  the  world  but  that  position  has 
been  gained  only  recently.  In  ancient  times,  petroleum 
was  used  in  its  raw  state  for  such  simple  uses  as 
waterproofing  and  for  making  mortar  while  gas  seeps 
were  revered  as  eternal  fires.  The  usefulness  of  both 
resources  has  widened  as  civilization  has  progressed, 
until  today  petroleum  is  the  largest  single  commodity 
in  world  trade  and  gas  is  making  up  a larger  and  larger 
share  of  total  energy  consumption  by  nations  fortunate 
enough  to  possess  it. 

The  fii'st  development  of  commercial  significance 
in  the  Canadian  industry  occurred  over  a century  ago, 
iu  1858,  when  James  IVIiller  Williams  dug  a well  to 
investigate  an  oil  seep  near  Petrolia,  Ont.,  and  found 
crude  oil  in  cpantities  sufficient  not  only  to  serve  the 
local  refinery  that  he  constructed  but  for  export  to  the 
United  States.  His  contribution  was  recognized  in 
1862  at  the  International  Exhibition  in  London,  Eng- 
land, when  his  company  won  one  gold  medal  for 
being  tlie  first  to  produce  oil  and  another  for  being  the 
first  to  refine  oils  in  Canada. 

In  subsequent  years  wells  were  drilled  in  the 
southwestern  region  of  Ontario  finding  both  oil  and 
gas— the  main  oil-producing  region  being  near  Sarnia 

Petrolia,  Ontario:  A view  .showing  conditions  in  the  petro- 
leum industry  during  the  early  period. 


and  the  gas  producing  region  nearer  the  Niagara  River.  | 
Near  Petrolia  oil  flows  ranging  up  to  7,500  barrels 
daily  were  discovered.  Crude  oil  from  this  area  was  ! 
used  to  produce  an  illuminating  oil  that  contained  I 
sulphurous  compounds.  This  eventually  led  to  its  being  j 
supplanted  by  the  sweet  illuminating  oils  from  the 
LTnited  States  but,  by  1868,  processes  had  been  de- 
veloped to  improve  the  quality  of  the  kerosene  suf- 
ficiently to  allow  Canada  to  re-enter  the  export  market. 

By  1870,  60%  of  Canadian  oil  products  were  shipped 
to  Europe.  However,  in  1873,  low-cost,  high-quality 
kerosene  from  the  United  States  captured  the  overseas 
market  and  entered  Canada  as  well.  To  indicate  the 
scale  of  industry  in  Canada  at  that  time,  about  100  j 
refineries  had  been  constructed  and,  although  in-  n 
dividual  capacity  was  small,  the  Canadian  oil  produc-  H 
ing  and  refining  industry  was  one  of  the  largest  in  the  M 
world.  ft 

Natural  gas  developments  followed  oil  but  until  ft 
1890  little  commercial  use  was  made  of  the  resource. 

By  1891,  Canadian  natural  gas  was  supplying  a few 
small  Ontario  towns  and,  in  addition,  a pipeline  system 
had  been  constructed  across  the  Niagara  River  to  carry 
gas  to  the  city  of  Buffalo,  N.Y.  In  spite  of  this,  the 

A modern  portable  drilling  rig  capable  of  drilling  up  to 
15,000  feet. 
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FORTY-FIVE  YEARS  AGO 
MORRIS  WAS  A MAJOR 
ADVERTISER  IN  THE 
JOURNAL  OF  THE  ENGINEERING 
INSTITUTE  OF  CANADA  AND 


A LEADING  NAME  IN  CANADIAN  MATERIALS  HANDLING 


TODAY 

MORRIS 

MAINTAINS  ITS 


• «•very  much  a part  of  the  picture! 

When  it  comes  to  moving  pipe,  as  the  5 Ton.  81  ft.  span  Morris  Electric  Overhead  Crane  shown 
above  is  doing,  or  moving  turbines,  boilers,  structural  steel,  paper,  or  almost  any  material  for  in- 
dustry; Morris  offers  the  widest  range  of  pre-tested  Cranes  & Hoists  in  Canada,  and  a background 
of  nearly  fifty  years  Materials  Handling. 


POSITION  OF 
LEADERSHIP . . . 

. . . through  an  awareness  of 
Canadian  requirements  and 
the  skills  and  experience  to 
meet  those  requirements. 

MORRIS  now  offers  the  widest 
range  of  pre-tested  CRANES  & 
HOISTS  in  Canada. 

MORRIS 
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value  of  Ontario  production  remained  less  than  $1 
million  until  1909  and  reached  an  all  time  high  of  $7.7 
million  only  in  1940. 

After  1873,  the  Canadian  oil  and  gas  industry  fell 
far  behind  that  of  the  United  States  and  had  little  to 
rejoice  about  for  three-quarters  of  a century.  A note- 
worthy contribution,  however,  was  made  by  the  early 
Canadian  drillers  who  perfected  a system  of  drilling 
using  linked,  wooden  poles  instead  of  rope  or  steel 
cable,  a drilling  tool  consisting  of  a bit  and  “jars”,  and 
a walking  beam  to  transmit  power  from  the  engine  to 
the  poles.  A quotation  from  Neuburger  & Noalhat  will 
serve  to  illustrate  the  point:  “Imported  into  Galacia 
(now  Poland)  in  1883  by  Mr.  MacGarvey  the  Canadian 
machine  was  not  long  in  superseding  all  other  systems 
of  drilling  thanks  more  especially  to  the  rapidity  of  its 
boring,  which  was  quite  a revelation  to  contractors  and 
owners  of  wells  in  that  country.”  The  Canadian  system 
shared  a large  portion  of  the  spotlight  of  drilling  until 
the  rotary  drill  was  perfected. 

The  second  significant  development  in  the  Cana- 
dian industry  was  the  discovery  of  oil  near  Leduc, 
Alta,  in  1947,  almost  a century  after  the  initial  Ontario 
discoveries.  This  marked  the  emergence  of  Canada 
again  as  a major  oil-producing  and  oil-refining  country 
and  paved  the  way  for  finding  the  large  reserves  of 
oil  and  gas  in  western  Canada  upon  which  the  modern 
industry  is  based. 

One  of  the  most  obvious  measurements  of  in- 
dustry progress  is  production.  Until  1929,  when 
“napbtha”  production  from  the  Turner  Valley  gas  cap 
became  significant,  annual  output  of  oil  remained  be- 
low one  million  barrels  valued  at  $3.7  million  and  gas 
output  was  a maximum  of  28  billion  cu.  ft.  valued  at 
$10  million.  The  discovery  of  the  oil  pool  in  the 
Turner  Valley  field  in  1933  resulted  in  total  Canadian 
output  of  oil  being  raised  to  the  10  million  barrels-per- 
year  range  during  the  1941-44  period.  The  potential 
of  the  field  declined  after  that  and  Canadian  output  of 
oil  and  gas  lessened  until  the  Leduc  discovery.  The 
table  below  of  annual  production  will  serve  to  illu- 
strate the  tremendous  strides  made  since  1947. 

The  main  producing  areas  of  oil  and  natural  gas 
lie  in  western  Canada  where  significant  markets  exist 
but  the  large  consuming  centres  are  located  far  outside 
the  producing  regions,  thus  presenting  major  problems 
of  transportation.  The  most  practical  and  economical 
overland  method  of  transportation  is  by  pipeline;  hence 
extensive  systems  of  oil  and  gas  pipelines  have  been 
constructed  to  gather  and  transport  these  products  to 
markets. 

The  two  main  components  of  the  oil  transporta- 
tion system  are  the  Interprovincial  Pipe  Line  Company 
Limited  with  its  wholly-owned  subsidiary  in  the  United 
States,  Lakehead  Pipe  Line  Company  Inc.,  and  the 
Trans  Mountain  Oil  Pipe  Line  Company.  The  Inter- 
provincial-Lakehead  pipeline  stretches  from  Edmonton 
eastward  across  the  Prairies  to  Gretna,  Manitoba, 
where  it  enters  the  United  States.  It  continues  east- 
ward, south  of  Lake  Superior,  across  the  Straits  of 
Mackinac  to  the  St.  Clair  River  where  it  crosses  to 


Sarnia  and  extends  eastward  to  Port  Credit.  The  length 
of  this  route  is  1,900  miles.  The  capacity  of  the  line 
varies  from  121,000  to  434,000  barrels  daily.  The 
Trans  Mountain  pipeline  begins  at  Edmonton  and  ex- 
tends westward  through  the  Yellowhead  Pass  and 
southward  via  Kamloops  to  Vancouver.  A lateral  line 
runs  south  to  serve  three  refineries  in  the  United  States 
Puget  Sound  region.  The  length  of  this  line  is  787 
miles  and  its  capacity  in  Canada  is  250,000  barrels 
daily.  A new  smaller  oil  pipeline,  constructed  in  1961, 
carries  crude  from  the  Peace  River  area  of  British 
Columbia  south  to  the  Trans  Mountain  pipeline  at 
Kamloops.  In  total  at  the  end  of  1961  there  was  over 
9,000  miles  of  oil  pipeline  operating  within  Canada. 

Gas  pipeline  networks  are  of  most  recent  vintage 
than  oil  lines,  with  three  main  transmission  lines  form- 
ing the  backbone.  Two  of  these  transmission  lines, 
Trans-Ganada  Pipe  Lines  Limited  and  the  Alberta 
Natural  Gas  Gompany,  are  supplied  with  gas  gathered 
in  Alberta  by  Alberta  Gas  Trunk  Line  Gompany 
Limited  and  delivered  to  the  provincial  boundary.  The 
Trans-Ganada  pipeline  begins  at  Burstall,  Sask.,  near 
the  Alberta  border  and  stretches  eastward  across  the 
Prairies  to  the  Lakehead,  arches  northward  through 
the  clay  belt  region  of  Ontario,  south  to  Toronto  and 
then  east  to  Montreal,  a total  distance  of  2,340  miles. 
A lateral  line  runs  south  from  Winnipeg  to  serve  an 
export  market  in  the  United  States.  The  Alberta 
Natural  line,  along  with  the  Alberta  Gas  trunk  feeder 
system  and  the  line  in  the  United  States  to  Galifornia, 
was  completed  only  in  1961  and  is  the  largest  diameter 
(36  inches)  pipeline  in  Ganada.  The  third  main  gas 
transmission  line  is  that  of  Westcoast  Transmission 
Company  Limited  which  carries  gas  from  the  Peace 
River  area  of  British  Columbia  and  Alberta  to  the 
interior  region  of  British  Columbia  and  the  Vancouver 
area  as  well  as  for  export  to  the  United  States.  In 
total  there  are  about  34,000  miles  of  gas  pipeline  in 
Canada  with  about  4,000  miles  being  gathering  lines, 
11,500  miles  transmission  lines  and  18,500  miles  dis- 
tribution lines. 


I 


Important  phases  of  industry  operation  are  the 
processing  facilities  to  serve  both  the  oil  and  natural 
gas  industry.  Canada  has  one  of  the  most  modem 
petroleum  refinery  industries  in  the  world  and  fourth 
in  size  after  the  United  States,  the  Soviet  Union  and 
Britain.  At  the  end  of  1961  the  industry’s  capacity  to 
refine  crude  oil  was  over  960,000  barrels  daily  after 
allowance  for  refinery  shut-downs.  On  a stream-day 
basis,  it  is  well  in  excess  of  a million  barrels  daily. 
Natural  gas  processing,  too,  has  assumed  significant 
proportions  in  recent  years.  Thus  at  the  end  of  1961 
installed  plant  capacity  was  over  3,200  million  cu.  ft. 
daily  producing  some  2,700  million  cu.  ft.  of  pipeline 
gas,  over  12,000  barrels  of  propane,  10,000  barrels  of 
butane,  50,000  barrels  of  condensate  and  4,000  tons  of 
sulphur  daily. 

Such  is  the  petroleum  and  natural  gas  industry  in 
Canada  at  the  beginning  of  1962.  The  outlook  for 
1962  and  the  future  remains  bright. 


ANNUAL 

CANADIAN  PRODUCTION  OF 

OIL  AND 

GAS,  1947-1961 

1947 

1950 

1953 

1956 

1959 

1961 

Oil 

Millions  of  bbl  . 

8 

29 

81 

172 

190 

235 

Millions  of  $ 

20 

85 

201 

406 

435 

510 

Gas 

Billions  of  cu.  ft-  .... 

53 

68 

101 

169 

417 

646 

Millions  of  $ 

13 

6 

11 

17 

40 

64 

THE  ENGINEERING  JOURNAL  |îp  JUNE,  1962 


72 


[pÿ| 


ACROSS  CANADA 

If  you  need  steam  supply  for  processing,  power 
or  heating,  B&W’s  long  experience  in  boiler 
construction  and  application  will  interest  both 
you  and  your  plant  engineers. 


PETRO-CHEMICAL 


I 
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ELECTRICAL 


Engineering  and  building  boilers  that  provide 
dependable  and  efficient  steam  generation  with 
whatever  types  and  grades  of  fuels  are  most 
conveniently  and  economically  available  is  a 
familiar  story  with  B&W.  So,  too,  is  the  inten- 
sive research  and  progress  towards  large  scale 
use  of  atomic  energy  as  applied  to  future  steam 
generating  projects. 

B&W  engineers,  working  in  concert  with  the 
world-wide  B&W  organizations,  are  in  a posi- 
tion to  advise  on  any  type  or  size  of  steam 
generators.  If  you  have  problems  of  steam 
supply,  see  a B&W  representative. 


STEAM  FOR  PROCESS 
STEAM  FOR  POWER 


BABCOCK-WILCOX  & GOLDIE-McCULLOCH 
GALT  LIMITED  ONTARIO 

Branches:  Montreal,  Toronto,  Calgary,  Vancouver 


THE  STORY  OF 

THE  ENGINEERING  INSTITUTE 

OF  CANADA 
1887  TO  1962 


The  following  story  does  little  more  than  highlight  the  chronology  of 
the  Institute  on  its  75th  Anniversary.  The  full  story  of  the  Institute 
is  an  absorbing  one,  filled  with  the  excitement  of  a growing  nation.  To 
celebrate  the  75th  Anniversary  of  the  Institute,  a complete  history  is 
being  prepared. 


HE  DEVELOPMENT  of  Canada  and  the  work  of 
the  engineer  are  impossible  to  separate.  During  the 
17th  and  18th  centuries  French  engineers  were  active 
in  this  country,  with  most  of  their  efforts  being  directed 
toward  the  construction  of  fortifications  and  other 
military  installations. 

Eventually  the  French  were  succeeded  by  British 
military  engineers  who  were  concerned  not  only  with 
fortifications  but  also  roads,  canals  and  other  public 
works. 

Soon  the  shift  from  military  to  civil  engineering  was 


almost  total.  The  forging  of  a nation  required  engineers; 
of  vision  and  skill. 

Many  of  these  engineers  gave  serious  consideration 
to  the  formation  of  a learned  society  to  suit  their  needs. 
Such  consideration  was  given  impetus  by  Confederation 
and  the  subsequent  building  of  the  Canadian  Pacific 
Railway.  Gradually  authorities  at  the  universities  of 
Toronto  and  McGill  realized  the  importance  of  having 
training  facilities  for  engineers,  and  the  advantages 
of  having  an  association  with  which  to  co-operate. 

One  concrete  effort  was  made  in  Ontario  in  May, 


Canadian  Society  of  Civil  Engineers,  Annual  Meeting  1901 
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1880,  by  E.  W.  Plunkett,  a prominent  engineer  of 
Irish  extraction.  Plunkett  contacted  his  fellow  engineers 
regarding  the  formation  of  an  engineering  organization, 
and  had  introduced  to  the  Legislative  Assembly  of  that 
province  “an  act  respecting  civil  engineers.” 

This  died  aborning,  however,  when  it  failed  to  arouse 
sufficient  support  either  among  the  legislative  or 
Plunkett’s  fellow  engineers. 

In  spite  of  this,  interest  continued  to  grow.  Serious 
discussions  were  held  among  engineers  in  Ontario  and 
Quebec.  Many  of  these  later  became  officers  and 
prominent  members  of  the  Society  which  to  them  was 
still  a dream.  Among  them  were  Alan  Macdougall, 
C.  E.  W.  Dodwell,  Thomas  Keefer,  Sandford  Fleming, 
J.  L.  P.  O’Hanly,  Samuel  Keefer  and  Kivas  Tully. 

Matters  came  closer  to  a head  in  February,  1886, 
when  Macdougall,  over  his  own  signature,  issued  a 
circular  advocating  the  formation  of  an  association. 
This  resulted  in  several  meetings  being  held  in  Toronto, 
Ottawa  and  Montreal.  Probably  the  most  important  of 
these  meetings  was  held  in  March  at  the  Harbour  Com- 
missioner’s office  in  Montreal.  At  this  meeting  the 
following  resolution  was  passed: 

“That  a society  of  engineers  in  Canada  he  formed 
comprising  all  hranclies  of  engineers,  and  that  a com- 
mittee he  appointed  to  meet  the  other  committees  of 
engineers  from  other  cities,  and  then  to  arrange  and 
form  a preliminary  constitution,  which  form  of  consti- 
tution shall  he  sent  around  to  those  gentlemen  who 
send,  in  their  names  as  being  willing  to  form  such  a 
society;  and  that  each  gentleman  present  he  requested 
to  forward,  the  names  of  engineers  and  their  addresses 
to  the  local  secretary.” 

A Montreal  committee  then  was  appointed  to  draft 
a constitution  for  the  proposed  society.  Within  a few 
W('cks  similar  meetings  were  held  in  Ottawa  and  in 
I'oronto  at  which  the  draft  constitution  was  discussed 
and  amended. 


Another  meeting  of  the  Montreal  committee  was 
held  on  November  11,  1886.  Its  members  considered 
a printed  constitution  which,  since  spring,  had  been 
prepared  and  amended  by  correspondence  among  the 
Ottawa,  Toronto  and  Montreal  committees.  A provi- 
sional committee  formed  to  revise  the  constitution 
and  to  establish  the  association  consisted  of:  Col.  C.  S. 
Gzowski,  Kivas  Tully,  W.  T.  Jennings,  Alan  Mac- 
dougall, Thomas  Keefer,  H.  F.  Perley,  W.  P.  Anderson, 
R.  Surtees,  H.  T.  Bovey,  John  Kennedy,  P.  A.  Peterson 
and  P.  W.  St.  George.  Mr.  Macdougall  was  appointed 
provisional  secretary. 

Four  other  meetings  were  held  in  the  next  three 
months.  During  these  meetings  288  members  were 
elected,  and  the  decision  was  made  to  call  the  organiza- 
tion the  Ganadian  Society  of  Givil  Engineers. 

The  first  annual  meeting  was  held  February  24, 
1887,  and  at  this  time  it  was  decided  to  apply  to  the 
Dominion  Government  for  a charter.  The  charter  was 
carried  through  Parliament  by  one  of  the  SocieC’s 
vice-presidents,  Walter  Shanly,  M.P.,  and  it  received 
Royal  sanction  on  June  23,  1887. 

The  first  President  was  Thomas  Keefer  of  Ottav'a. 
Besides  Shanly,  the  other  vice-presidents  were  Gasimir 
Gzowski,  Toronto,  and  John  Kennedy,  Montreal.  The 
secretary-treasurer  was  Henry  T.  Bovey  of  Montreal. 

The  objects  of  the  Society  were  “to  facilitate  the 
acquirement  and  interchange  of  professional  knowledge 
among  its  memhers,  and  more  particularly  to  promote 
the  acquisition  of  that  species  of  knowledge  which  has 
special  reference  to  ..  . engineering,  and  further,  to 
encourage  investigation  in  connection  with  all  branches 
and  departments  of  knoicledge  connected  with  the 
profession.” 

These  broad  aims  ha\'e  remained  unchanged. 

The  Early  Years 

The  Society  was  hcalth\’  from  its  intanc>'.  The 
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original  membership  of  about  300  doubled  in  10  years, 
and  by  its  30th  anniversary  there  were  about  3,000 
members. 

When  it  was  decided  that  headquarters  should  be 
in  Montreal,  accommodations  for  tbe  meetings  were 
provided  by  McGill  University.  By  1890,  the  growth 
and  health  of  the  Society  made  it  necessary  and  possible 
to  lease  rooms.  The  Secretary’s  office  and  the  library 
were  moved  to  the  upper  floor  of  the  Bank  of  Montreal 
building  at  the  corner  of  Mansfield  and  St.  Catherine 
Streets,  just  two  blocks  south  of  the  present  head- 
quarters. 

In  1899  the  size  of  the  Society  made  it  necessary  to 
buy  and  renovate  a house  at  977  Dorchester  Street. 
These  quarters  sufficed  until  1913  when  the  present 
building  at  20.50  Mansfield  was  purchased  and 
enlarged. 

It  was  obvious  that  because  of  Canada’s  awkward 
geography,  all  members  could  not  take  full  advantage 
of  a centralized  Society.  For  this  reason  the  formation 
of  local  Branches  was  authorized,  and  provision  was 
later  made  for  districts  and  provincial  zones. 

The  first  Branch  was  formed  in  Toronto  in  1890; 
the  second  was  formed  in  Cape  Breton  in  190.5.  The 
Cape  Breton  Branch  appears  to  have  been  discontinued, 
but  was  formed  again  in  1921.  By  1912  there  were 
Branches  in  Quebec  City,  Winnipeg,  Ottawa,  Van- 
couver, Kingston  and  \5ctoria. 

The  First  World  War 

The  years  of  the  First  World  War  were  difficult  ones 
for  the  Society.  Almost  one  third  of  its  total  member- 
ship at  the  beginning  of  the  war  served  in  the  Allied 
Forces.  Despite  decreased  revenues  the  Society  re- 
mained active,  but  only  by  determined  retrenching. 

In  spite  of  this,  Council  remitted  the  fees  of  all 
members  serving  overseas,  and  established  a modest 
fund  for  their  families. 

Council  offered  the  co-operation  of  the  Society  to 
the  Government,  and  urged  that  engineers  serve  in 
units  where  they  could  make  use  of  their  professional 
knowledge. 

Society  to  Institute 

Even  before  the  end  of  the  19th  century  increasing 
interest  was  being  shown  in  a less  restrictive  term  than 
“Civil”  to  describe  the  Society.  This  led  to  the  forma- 
tion of  four  engineering  sections  in  the  Society;  general, 
electrical,  mechanical,  and  mining. 

Agitation  along  these  lines  increased  during  the  latter 
part  of  the  First  World  War  and,  by  Act  of  Parliament 
effective  April  15,  1918,  the  name  of  the  organization 
was  changed  to  The  Engineering  Institute  of  Canada. 

New  By-Laws  were  prepared,  providing  for  more 
complete  Branch  organization  and  representation.  The 
Engineering  Journal  was  established  as  the  official 
publication  of  the  Institute,  and  a full-time  Secretary 
was  appointed. 

Because  of  these  actions  the  membership  resumed 
its  earlier  growth  pattern,  and  the  Institute’s  activities 
were  met  with  renewed  enthusiasm. 

At  the  first  General  Professional  Meeting  of  the 
Engineering  Institute  of  Canada  held  in  1918  in 
Toronto,  President  H.  H.  Vaughn  observed  that  one  of 
the  motives  behind  the  change  in  name  and  in  organ- 
ization was  the  desire  “to  unite  all  engineers  in  Canada, 
to  whatever  branch  of  the  profession  they  may  belong, 
in  one  society.” 

Eleven  more  Branches  were  formed  during  the  next 


three  years,  and  the  membership  increased  from  ap' 
proximately  3,000  to  nearly  5,000.  i 

i 

Professional  Status 

The  reorganization  was  barely  completed  when  tluj 
question  of  legislation  regarding  professional  statu,'! 
was  again  brought  up,  this  time  in  August,  1918,  a<l 
the  Second  Professional  Meeting  of  the  Institute  at' 
Saskatoon,  when  the  subject  was  ably  discussed  in  aj 
paper  by  F.  H.  Peters,  then  of  Calgary.  At  that  time; 
provincial  legislation  was  being  suggested  in  Manitoba,' 
Saskatchewan  and  Alberta.  The  expressions  of  opinion 
at  that  meeting  were  in  favor  of  action  by  the  Institute!' 
in  order  to  promote  uniform  legislation  in  all  the! 
provinces.  ' 

I 

At  the  following  Annual  General  Meeting  in  Ottawa; 
in  February,  1919,  a committee  was  appointed,  under 
the  chairmanship  of  C.  E.  W.  Dodwell,  to  draw  up  ai 
model  act  for  consideration  in  the  proposal  of  provin-| 
cial  enactments.  This  was  done,  and  when  submittedj 
to  the  corporate  membership  for  ballot  in  July,  1919,1 
met  with  general  approval.  The  Institute  Council 
accordingly  endorsed  the  model  act,  and  passed  it  tO! 
the  Branches  and  provincial  divisions  for  suitable  action 
in  their  respective  provinces.  During  1920,  provincial 
acts  based  on  this  model  were  obtained  in  British  1 
Columbia,  Quebec,  Manitoba,  Alberta,  New  Bruns- 
wick and  Nova  Scotia.  By  1923  similar  legislation  hadi 
been  obtained  in  all  the  provinces  except  Prince  i 
Edward  Island  and  Saskatchewan.  An  act  was  obtained' 
in  the  latter  province  in  1930.  i 

It  is  perhaps  unfortunate  that  the  relations  of  The! 
Institute  (a  voluntary  body)  with  the  new  Associations! 
(provincially  constituted  bodies  having  compulsory  j 
membership),  could  not  have  been  defined  from  the, 
outset,  for  it  soon  became  evident  that  such  questions  j 
as  the  duplication  of  fees  and  the  diversity  of  standards] 
for  admission  as  between  the  associations  and  The  | 
Institute,  and  also  between  the  associations  themselves,; 
would  have  to  receive  consideration.  On  the  invitation; 
of  The  Institute  Council  in  December,  1925,  a con-  ' 
ference  of  delegates  to  the  provincial  Professional  ! 
Associations  was  held  in  Montreal  in  February,  1926.! 
The  principal  item  on  the  agenda  of  this  meeting  was 
co-operation  with  the  Engineering  Institute  of  Canada.  | 
The  seven  associations  then  existing  were  represented, 
and  the  delegates  left  with  a resolution  recording  the 
sense  of  close  association  developed  by  the  conference 
and  their  appreciation  of  the  courtesy  extended  to  them 
by  The  Institute. 

In  the  following  year,  an  endeavor  was  made  by  the 
Council  of  the  Institute  to  interest  the  governing 
bodies  of  the  various  provincial  associations  in  a move- 
ment to  bring  about  substantial  uniformity  in  the  re- 
quirements for  admission  by  examination  of  the  several 
professional  associations  and  to  the  Institute.  The  j 
desirability  of  such  a joint  action  was  one  of  the  topics  ' 
considered  at  the  first  Plenary  Meeting  of  the  Council 
of  the  Institute  held  in  October,  1927,  at  which  a 
standing  committee  was  set  up  to  study  this  and  other 
problems  involved  in  co-ordinating  the  activities  of 
The  Institute  and  the  several  associations  of  Profes- 
sional Engineers.  This  committee  continued  to  function 
until  1931  in  an  effort  to  obtain  joint  action  with  the 
associations.  It  was  then  found  desirable  for  the 
Institute  representatives  to  stand  aside,  following 
representations  that  the  associations  should  first  come  ; 
to  an  agreement  among  themselves.  At  this  stage  the  | 
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natter  rested  for  a time,  awaiting  further  action  by  the 
associations.  Meanwhile  the  Council  of  the  Institute 
again  expressed  its  desire  to  co-operate  with  the  asso- 
ciations in  furthering  the  best  interests  of  the  profession 
throughout  Canada. 

During  1934,  the  Council  received  communications 
f rom  the  Mhnnipeg,  Halifax  and  other  branches,  making 
^suggestions  for  co-operation  with  their  local  provincial 
associations.  Before  definite  action  could  be  taken, 
'however,  the  subject  became  the  chief  matter  of  debate 
iat  the  Annual  General  Meeting  of  the  Institute  in 
FebrnaiA’,  1933,  with  the  result  that  a Committee  on 
Consolidation  was  formed  under  the  chairmanship  of 
Gordon  McL.  Pitts.  That  committee,  after  two  years 
of  strenuous  work,  prepared  a series  of  proposals  for 
the  amendment  of  the  Institute  by-laws,  defining  the 
lines  along  which,  in  the  committee’s  opinion,  the 
Institute  could  best  co-operate  with  the  associations. 
These  amendments,  how'ever,  did  not  carry  w'hen 
I submitted  to  ballot. 

Betw'een  1940  and  1957  the  Institute  entered  into 
agreements  with  the  Gorporation  of  Professional  En- 
gineers of  Quebec  and  with  the  Associations  of  Pro- 
fessional Engineers  of  Nova  Scotia,  New  Brunswick, 
Manitoba,  Saskatchew'an,  Alberta  and  Prince  Edward 
Island. 

During  the  early  1950’s  interest  was  regenerated  in 
the  attempting  to  arrive  at  a workable  form  of  co- 
operation. By  1954  the  Dominion  Council  asked  that 
a national  committee  be  formed  to  study  a “Plan  of 
Unity.”  The  Canadian  Institute  of  Mining  and  Metal- 
lurgy and  the  Chemical  Institute  of  Canada  were 
both  invited,  but  declined  to  participate  at  this  stage. 

At  its  annual  meeting  on  May  24,  1957,  at  Halifax, 
the  Dominion  Council  resolved  to  adopt  eight  basic 
principles  for  confederation.  A report  containing  these 
principles  was  discussed  at  the  E.I.C.  annual  meeting 
in  Banff  later  that  year. 

Subsequently,  committees  of  the  Insitute  and  of  the 
Dominion  Council  (now  the  Canadian  Council)  were 
formed  to  investigate  in  greater  detail  the  matter  of 
confederation.  By  the  summer  of  1961,  the  final 
report  of  the  Engineers’  Confederation  Commission 
was  received  by  the  Annual  Meetings  of  the  E.I.C. 
and  the  Canadian  Council.  Both  bodies  authorized  their 
Executive  Committees  to  study  the  report  and  to 
discuss  it  with  the  Executive  Committee  of  the  other 
body  in  an  effort  to  come  to  an  agreement  about  the 
report. 


The  Depression 

The  Depression  years  w’ere  difficult  ones  for  the 
Institute.  Like  so  many  other  organizations  it  felt  the 
economic  hardships  of  the  decade.  Both  membership 
and  revenue  declined,  and  a substantial  proportion  of 
the  members  were  without  jobs.  Council  quickly  recog- 
nized this  condition  and  instituted  a Non-Active  List 
which,  at  one  time  contained  nearly  700  names.  During 
these  difficult  years  a number  of  Branches  inaugurated 
programs  to  assist  members  in  financial  stress  by 
collecting  and  distributing  local  funds. 

The  Second  World  War 

In  contrast  to  the  situation  during  the  First  World 
War,  the  Institute  actually  gained  strength  during  the 
Second  World  War.  Contributions  in  time,  effort  and 
money  were  made  by  the  Institute  to  the  general  war 
effort,  and  in  particular  to  the  technical  phases. 

Late  in  1938,  at  the  request  of  the  Department 
of  National  Defence  and  in  co-operation  with  the 
Canadian  Institute  of  Mining  and  Metallurgy  and  the 
Canadian  Institute  of  Chemistry,  the  Institute  began 
compiling  a register  of  technically  trained  men.  In 
1939  these  records  were  turned  over  to  the  Voluntary 
Service  Registration  Bureau. 

As  during  the  First  World  War,  fees  were  remitted 
for  members  on  active  service  overseas,  and  for  other 
members  resident  in  combat  areas.  In  spite  of  this,  the 
financial  structure  of  the  Institute  remained  sound. 
This  was  affected  in  a slight  degree  in  1944  when 
the  Engineering  Journal  met  with  some  restrictions  on 
its  supply  of  paper. 

Committees  increased  in  importance  and  in  interest 
and  exhaustive  Presidential  visits  contributed  to  sus- 
tained activity  in  all  Branches. 

The  Employment  Service  of  the  Institute  had  several 
slack  years,  due  mainly  to  regulations  covering  the 
placement  of  engineers.  But  by  1944  some  engineers 
were  returning  to  civilian  life  and  the  tempo  of  the 
Institute  picked  up  again. 

The  Post-War  Decade 

The  years  immediately  following  the  Second  World 
War  brought  both  growth  and  growing  pains.  By  1948 
the  membership  finally  topped  the  10,000  mark.  This 
represented  an  increase  of  almost  1,000  a year  since 
the  end  of  the  war.  All  headquarters  facilities  were 
strained  to  meet  the  demands  of  this  increase. 
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SKIUED  EN6INEERING 
IN  STEEL 
PROJECTS 


When  skilled  engineering 
is  required  no  structural 
steel  project  is  too  large,  too 
small  or  too  complex  for  the 
Canadian  Bridge  Works. 
Thoroughly  experienced 
engineering,  fabrication 
and  erection  services 
assure  construction  of  steel 
that  fulfils  the  most  exacting 
requirements  —total 
responsibility  in  the  one 
competent  organization 
with  over  60  years  of 
experience. 


WRITE  FOR  OUR 
"STEELWORK" 
BROCHURE 


.À 

k. 

Our  representatives  are 
available  for  consulta- 
tion any  time,  anywhere 


DOMINION  STEEL  AND  COAL  CORPORATION, LIMITED 


CiUUOIANBIIIDliE  WORKS 


I 


The  Engineering  Journal  was  troubled  by  papei 
shortages  through  1947.  Paper  that  became  available 
was  more  expensive  than  it  had  been,  and  other  pro 
duction  costs  increased  sharply.  In  1949,  for  the  first 
time  since  its  inception,  the  advertising  revenue  of  the; 
Engineering  Journal  met  the  full  cost  of  its  publication.i 

In  the  decade  there  were  no  spectacular  advances! 
between  one  year  and  the  next.  Only  a comparison 
between  1945  and  1955  shows  the  true  conditions,  i 

In  1945  the  membership  was  just  above  7,000.  By! 
1955  it  had  surpassed  16,000.  The  number  of  Branches! 
increased  each  year  and  by  1955  totalled  49,  compared)  j 
with  26  a decade  earlier.  Revenues  reached  new  peakagi 
— so  did  expenditures.  1 

It  was  obvious  now,  though,  that  post-war  days  oi  k 
automatic  expansion  and  prosperity  were  coming  to  ; 
a close.  Growth  continued,  but  it  was  slower,  and  wasi 
achieved  with  greater  difficulty. 


Into  the  ’60s 


i 

k 


WALKERVILLE,  ONTARIO  LASALLE,  QUEBEC 


The  Papers  Committee  was  replaced  essentially  by 
the  Committee  on  Technical  Operations  which  was 
planned  to  solicit  and  to  contribute  technical  informa- 
tion from  and  to  all  levels.  CTO  now  was  responsible 
for  the  expanding  technical  activities,  particularly  in 
its  early  stages,  at  the  Annual  Meetings. 

In  1957  two  important  additions  were  made  to  the 
Institute’s  publications.  Transactions  of  the  E.I.C.  was 
resumed  after  a lapse  of  many  years.  For  the  first  time 
a yearly  magazine  entitled  Engineering  Careers 
Canada  was  published.  This  was  designed  to  outline 
the  requirements  and  the  opportunities  existing 
various  engineering  fields  to  students. 

In  the  same  year  Council  authorized  the  formation  of 
three  new  committees:  Policy;  Property;  and  Student 
Policy. 

Membership  surged  again  in  1959  when  net  increase 
of  1,650  brought  the  total  to  more  than  20,000  for  the 
first  time  in  the  Institute’s  history. 

During  these  years  of  consolation  it  became  evident 
that  certain  facets  of  the  Institute’s  activities  required 
greater  attention,  and  that  the  mechanics  of  govern- 
ment needed  some  streamlining. 

To  assist  in  the  latter.  Council  approved  the  forma- 
tion of  the  Executive  Committee  of  Council.  The  Ex- 
ecutive Committee  was  authorized  to  deal  with  greater 
despatch  with  matters  not  requiring  Council  attention. 
Council  also  encouraged  the  formation  of  the  Com 
mittee  on  Membership  and  the  Committee  on  Branch 
Operations,  both  of  which  were  designed  to  ease 
communications  among  members  and  to  increase: 
participation.  i 

The  Committee  on  Technical  Operations  stepped  upj) 
its  activity.  Its  aim  is  to  have  representation  from  each!.' 
Branch  so  that  a strong  two-way  flow  of  technicalj 
information  can  be  established. 

Among  the  most  significant  activity  of  the  Institute! 
in  the  early  1960’s  was  the  increase  in  technical  meet-b 
ings.  These  took  several  forms:  regional  meetings 
covering  a variety  of  topics;  regional  meetings  geared^: 
to  one  theme;  joint  meetings  having  a strong  singlef' 
theme  with  sister  societies.  I 

And  similar  to  the  situation  which  existed  immedi-  ■ 
ately  following  the  Second  World  War  the  Institutej 
found  itself  troubled  by  expansion  pains  as  increasedj 
membership  and  enthusiasm  strained  existing  facilities.; 
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LANDSLIDES 

IN  OVER-CONSOLIDATED  CLAYS 


R.  M.  Hardy,  m.e.i.c., 

ANY  OF  THE  RIVERS  and 
streams  in  northern  Alberta,  the 
f:  j’eace  River  block  of  northeastern 
! British  Columbia  and  the  southern 
Il  iiortion  of  the  Yukon  have  cut  through 
(I  I hale  deposits  -which  have  been  highly 
(;  onsolidated  by  the  weight  of  glaciers 
I'lnany  hundreds  of  feet  thick.  The 
|‘  opography  of  the  valleys  indicates 
I 'hat  they  have  formed  by  sliding  of 
nhe  valley  banks  in  recent  geological 


E.  W.  Brooker,  m.e.i.c., 

time,  and  active  slides  exist  at  many 
locations.  The  shales  presently  exist 
under  greatly  reduced  overburden 
pressures  as  compared  to  the  loads 
they  have  carried  in  their  earlier  geo- 
logical history,  and  the  evidence  is 
that  they  are  still  in  a state  of  rebound 
under  these  reduced  loads. 

Much  of  the  material  forming  the 
valley  banks  in  the  area  under  con- 
sideration is  fine  grained  sedimentary 


and  W.  E.  Curtis,  m.e.i.c. 

clay-shale  formed  by  the  consolidation 
of  clays  and  silts.  These  soils  often 
have  a laminated  or  thinly  stratified 
structure  as  well  as  an  argillaceous 
composition.  Geological  evidence  in- 
dicates post  depositional  glaciation. 
The  overburden  pressure  caused  by 
huge  masses  of  glaciers  has  been  the 
principal  shale  forming  process.  A 
significant  characteristic  of  certain 
strata  in  these  deposits  is  that  under 


h wayfy  Locaf  ton 
■QldiMtqhwçfY^i-oaaifon 
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conditions  of  reduced  overburden 
pressures  and  availability  of  water  in 
the  form  of  subsoil  seepage,  they  re- 
vert to  clays  of  medium  to  high 
plasticity,  and  assume  the  physical 
characteristics  of  highly  overconsoli- 
dated clays.  The  evidence  is  that  in 
the  rebound  25rocess  the  soil  mass  be- 
comes fractured,  or  fissured,  due  to 
changes  in  the  internal  stress  condi- 
tions, and  these  fissures  frequently 
provide  access  for  subsoil  seepage 
which  hastens  the  process  of  deteriora- 
tion of  the  shale. 

Mineralogically  these  clays  contain 
a comparatively  high  percentage  of 
montmorillonite  type  clay  mineral. 
This  has  the  property  of  taking  water 
into  its  molecular  structure  to  an 
extraordinary  degree  if  moisture  is 
available  and  the  soil  is  at  a reduced 
overburden  pressure.  Under  these  con- 
ditions the  shale  reverts  to  a clay  of 
medium  to  high  plasticity  and  in  the 
process  is  capable  of  exerting  high 
swelling  pressures.  In  taking  up  mois- 
ture such  clays  show  a volume  in- 
crease, or  if  confined  exhibit  consider- 
able swelling  pressures.  The  matter  of 
swelling  and  swelling  pressure  has 
been  the  subject  of  considerable  re- 
cent investigation.  It  has  been  shown 
that  the  major  influencing  factor  are 
moisture,  soil  density,  soil  structure 
and  mineralogical  constitution.''^ 

Particularly  along  the  river  valleys 
in  the  area  under  consideration,  this 
deterioration  of  the  soil  appears  to  be 
actively  progressing,  with  the  result 
that  the  stability  of  the  banks  is 
gradually  decreasing  and  at  many 
locations  the  factor  of  safety  against 
movement  is  very  close  to  unity.  En- 
gineering construction  in  these  valleys, 
such  as  road  and  bridge  work,  fre- 
quently produces  change  in  the  sta- 
bility conditions  sufficient  to  precepi- 
tate  major  earth  movements.  Experi- 
ence to  date  in  the  area  has  shown 
that  it  is  very  difficult  to  determine 
by  conventional  subsoil  exploration 
methods  where  such  instabilities  will 
develop.  Experience  has  also  shown 
that  conventional  methods  of  stability 
analysis  are  inadequate  to  accurately 
assess  the  stability  of  these  slopes  as 
they  exist  naturally  or  as  they  may 
be  modified  by  engineering  works. 
In  recent  years  engineering  works  in 
these  areas  have  been  seriously 
damaged  by  such  earth  movements, 
In  some  cases  the  slides  have  been 
of  minor  consequence,  but  in  others 
they  have  resulted  in  disastrous  and 
expensive  damage. 

In  recent  months  comprehensive  in- 
vestigations have  been  undertaken  at 
two  locations  where  major  instability 
has  developed  incidental  to  road  and 
bridge  construction.  This  paper  de- 
scribes for  these  two  sites  the  con- 


ditions encountered  and  the  investiga- 
tions made;  shows  the  inadequacies 
of  conventional  methods  of  stability 
analyses  when  applied  to  these  condi- 
tions, and  presents  a modification  to 
the  conventional  effective  stress  sta- 
bility analysis  which  appears  to  per- 
mit a more  accurate  assessmeiit  of 
the  stability  conditions  to  be  made. 
The  significance  of  the  modified  sta- 
bility analysis  in  the  design  of  cor- 
rective measures  to  improve  the 
stability  conditions  is  also  discussed. 

Dunvegan  Slide 

The  Province  of  Alberta  main  high- 
way  No.  2 connecting  the  City  of 
Grande  Prairie  and  the  town  of  Peace 
River  in  northwestern  Alberta  crosses 
the  Peace  River  at  Dunvegan.  For 
many  years  a ferry  was  in  operation 
at  the  crossing.  During  tlie  years 
1958  to  1960  a new  suspension  bridge 
was  built  at  the  crossing.'^  At  this  loca- 
tion the  valley  of  the  Peace  River  is 
about  700  ft.  deep,  and  in  the  in- 
terests of  improving  the  grades  on 
the  highway  out  of  the  valley  on  the 
south  side  a new  location  was  selected 
along  the  Dunvegan  Valley.  This  is  a 
steep  “coulee”  type  of  valley  extend- 
ing back  about  seven  miles  from  the 
Peace  River  and  in  the  bottom  of 
which  flows  Dunvegan  Creek. 

Aerial  ^photographs  (Fig.  1)  of  the 
area  showed  the  new  highway  location 
crossed  a series  of  old  landslides,  but 
there  was  no  evidence  of  these  being 
active  in  recent  years.  It  is  impossible 
to  locate  a satisfactory  alignment  for 
a road  out  of  this  valley  from  the  new 
bridge  without  crossing  old  slide  area. 
The  new  alignment  along  Dunvegan 
Valley  involved  several  substantial 
cuts  and  fills.  At  the  site  of  the  slide 
the  road  embankment  required  a fill 
with  a maximum  depth  of  approxi- 
mately 100  ft.  The  construction  of  this 
embankment  was  commenced  in  the 
fall  of  1958  and  a maximum  depth  of 
fill  of  70  ft.  was  placed  before  the 
freeze-up.  Construction  was  continued 
starting  about  May  1,  1959. 

On  May  19,  1959,  cracks  were 
noticed  on  the  ground  surface  below 
the  new  embankment.  These  became 
more  extensive  during  the  following 
four  days  and  on  May  23  a rapid 
movement  developed.  The  top  of  the 
slide  cut  through  the  top  of  the  new 
road  embankment  against  the  natural 
ground,  and  initially  extended  to  a 
toe  in  a drainage  trench  about  12  ft. 
deep  being  constructed  about  900  ft. 
to  the  west.  Within  a few  hours  the 
instability  had  extended  down  the  full 
slope  of  the  valley  bank  to  the  creek 
bed,  a distance  of  about  1600  ft. 
west  of  the  road  embankment. 

At  the  crown  of  the  slide  the  road 
grade  dropped  vertically  about  70 
ft.  At  the  north  flank  of  the  slide  area 


there  was  a vertical  displacement  ofi 
some  30  ft.,  and  the  toe  of  the  slidel  ; 
dammed  the  creek  to  a depth  oil 
about  30  ft.  The  surface  within  thé^ 
slide  area  was  broken  by  a network  of 
cracks  as  much  as  3 ft.  wide  and’ 
exceeding  20  ft.  deep.  The  slide! 
covered  an  area  of  about  50  acres  and 
involved  a movement  of  some  four  to^ 
six  million  cu.  yd.  of  soil. 

Site  Investigation  at  Dunvegan  ' 
Previous  to  construction  of  the  newj 
highway  up  the  valley  a considerably! 
greater  than  normal  number  of  testj 
holes  were  put  down  along  the  newi 
alignment.  Some  60  test  holes  werej 
drilled  extending  to  depths  of  from: 

50  to  150  ft.  These  borings  showed, 
the  soil  to  be  medium  to  highly  j , 
plastic  dark  brown  and  dark  greyr.) 
inorganic  clays  interbedded  with  silt  | 
and  silty  sand  seams  overlying  a soft  ! 
sandstone  bedrock.  Some  free  water  , 
was  encountered  and  where  it  oc-  ii  j 
curred  systematic  records  of  the  water  j | 
levels  were  made.  Of  about  30  test  ; ' 
holes  placed  in  the  immediate  slide  , 
area,  free  ground  water  was  observed 
in  15.  These  ground  water  levels  |,i 
ranged  between  12  to  70  ft.  below 
the  ground  surface.  There  was  no  i . 
consistency  found  between  water  i9 
levels  in  adjacent  test  holes.  At  no  i | 
time  during  the  observations  pieced-  i 
ing  the  slide  were  any  significant  [i 
artesian  pressures  recorded.  j * 

Standard  penetration  tests  were  1 
made  at  intervals  during  the  initial  ! 
exploration.  Rlow  counts  from  these  i t 
tests  ranged  between  30  to  150  blows  | < 
per  foot.  A large  number  of  liquid  1 1 
limit,  plastic  limit  and  moisture  con-  ' 
tent  tests  were  made.  The  results  of  I 
these  tests  showed  the  clay  to  exist  in 
general  at  moisture  contents  close  to  j 
the  plastic  limit.  Figs.  2a  & 2b  shows  ! 
the  logs  of  test  holes  2 and  14  and  , 
these  are  typical  of  all  the  test  hole  - 
logs  from  the  initial  boring  program.  ' 
It  will  be  noted  that  both  these  logs  ' ) 
show  several  “bulges”  in  the  natural  ! r 
moisture  content  profiles.  However,  ' 
the  liquidity  indices  are  all  compara-  ! 
tively  low.  Artesian  pressure  was  en-  ' 
countered  at  a depth  of  about  25  ft. 
in  a sand  seam  in  test  hole  14.  The  ' i 
maximum  pressure  recorded  from  this  i 
zone  was  about  17  ft.  and  this  was  .I 
the  greatest  recorded  in  any  of  the  4 
initial  test  holes.  ' 

Following  the  slide  some  60  ad-  , I 
ditional  test  holes  were  drilled.  These  I 
holes  were  located  adjacent  to  the  I 
slide  area  and  on  a proposed  re-  • 
alignment.  It  was  impossible  to  move  ^ 
drilling  equipment  onto  the  active  ' 
slide  area.  Penetration  resistance  tests  i 
were  run  at  about  5 ft.  intervals,  , 
natural  moisture  content  samples  were  ' 
taken  at  2 ft.  intervals  and  undis-  ' 
turbed  3 in.  Shelby  tube  samples  were  : 
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taken  at  about  5 ft.  intervals  in  these 
test  holes.  The  laboratory  testing  pro- 
gram included  natural  moisture  con- 
tent and  limit  determinations,  uncon- 
fined compressive  strength  tests  and 
a limited  number  of  consolidation 
tests.  In  addition,  a series  of  consoli- 
dated undrained  triaxial  compression 
tests  with  pore  pressure  measurements 
were  run. 

The  logs  of  these  additional  test 
holes  in  all  cases  were  very  similar  to 
those  from  the  pre-slide  borings.  The 
range  of  the  penetration  resistance 
values  and  the  laboratory  test  results 
are  shown  in  Table  1.  The  results  of 
the  triaxial  compression  tests  are 
shown  on  Fig.  3(a),  and  of  the  con- 
solidation tests  on  Figs.  4(a)  and  4(b). 


TABLE  I. 

Summary  of  Unconfinecl  Compressive 

Strength  Tests 
102  Tests 

Min.  Max.  Ave. 


LiquidLimit. . . 45 

80 

50 

Plastic  Limit. . . 20 

30 

24 

Moisture 

Content 18 

30 

22 

Unconfined 

Compressive 

Strength 

Tons/Sq.  Ft.  0.87 

11.8 

4,5 

Standard  Pene- 
tration Test 
Results 
(Blows  per 
foot  penetra- 
tion)   
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Following  the  slide  a total  of  12 
Casagrande  type  piezometers  were  in- 
stalled in  and  adjacent  to  the  slide 
area.  These  were  placed  at  depths 
varying  from  20  to  80  ft.  The  ma- 
jority were  installed  at  a depth  where 
the  moisture  content  and  limit  pro- 
files showed  an  increase  in  liquidity 
index.  Six  were  placed  at  shallow 
depths  in  silty  sand  in  the  lower  por- 
tion of  the  slide  area. 

None  of  those  placed  in  the  shale 
showed  measurable  pore  pressure.  In 
fact,  sensitivity  tests  on  the  piezo- 
meters in  the  shale  indicated  a perme- 
ability of  the  soil  greatly  in  excess 
of  that  for  the  intact  shale.  The  loss 
of  water  must  have  been  through 
fissures  in  the  shale.  The  six  piezo- 
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meters  in  the  silty  sand  in  the  lower 
portion  of  the  slide  area  showed  some 
artesian  pressure,  but  the  magnitudes 
were  not  sufficient  to  appreciably 
affect  the  stability  of  the  shde  area. 

A number  of  the  pre-slide  test  holes 
were  cased  with  either  2 in.  galvan- 
ized pipe  or  alternatively  %,  in  plastic 
tubing.  Observations  were  made  for 
movements  in  these  by  probing  com- 
mencing on  May  1,  1959,  and  con- 
tinuing until  the  day  before  the  final 
rapid  movement  on  May  19.  Several 
of  these  gave  positive  indications  of 
the  depth  of  the  shear  surface  devel- 
oping in  the  slide  area. 


Little  Smoky  River  Slide 

The  second  location  at  which  de- 
tailed investigations  were  undertaken 
is  at  a river  crossing  on  Alberta  main 
highway  No.  34  about  mid-way  be- 
tween the  towns  of  Valleyview  and 
Falher  in  the  Peace  River  area  of 
Alberta.  The  topography  in  the  river 
valley  is  very  similar  to  that  at  the 
Dunvegan  slide.  A cross-section 
through  the  unstable  area  is  shown 
on  Fig.  5 and  a plan  and  elevation 
of  the  bridge  structru-e  is  shown  on 
Fig.  7.  The  valley  is  about  300  ft. 
deep,  and  it  will  be  noted  on  Fig.  5 
that  the  average  slope  of  the  bank  is 
about  7°,  and  in  the  area  of  the 
bridge  about  12°. 

The  bridge  was  constructed  during 
the  fall  of  1956  and  the  spring  of 
1957.  The  bridge  was  planned  with 
one  abutment  and  one  main  bridge 
pier  on  the  west  bank.  However,  wet 
subsoil  conditions  were  encountered 
in  the  constmction  of  the  main  bridge 
pier,  and  therefore  the  bridge  was 
lengthened  by  an  additional  short 
span  and  abutment  as  shown  in  Fig. 
7 to  avoid  overloading  the  bank  above 
the  pier.  The  pier  was  carried  on 
timber  piles  21  ft.  long  driven  to  a 
nominal  20  ton  bearing  capacity.  They 


were,  in  fact,  driven  to  refusal  on 
comparatively  hard  clay  shale.  The 
two  abutments  were  carried  on  steel 
H piles  about  40  ft.  long.  These  pen- 
etrated into  the  comparatively  hard 
clay  shale  for  a distance  of  about  20 
ft. 

Early  in  1958  movements  towards 
the  river  were  observed  in  the  pier. 
These  were  recorded  as  24  in.  to- 
wards the  river  and  2 in.  in  the  up- 
stream direction.  The  supporting  tim- 
ber piles  were  also  found  to  be  dam- 
aged and  tipped  out  of  plumb.  How- 
ever, no  movement  was  observed  in 
the  two  abutments.  During  the  sum- 
mer of  1958  the  pier  was  under- 
pinned with  steel  H piles  and  ex- 
tended to  that  the  movements  of  the 
pier  could  be  accommodated  by  ad- 
justing the  bridge  bearings  on  the  top 
of  the  pier.  Additional  movements  of 
2 to  3 in.  have  been  recorded  in  the 
pier  since  the  summer  of  1958. 

Previous  to  the  construction  of  the 
bridge  a routine  subsurface  explora- 


tion program  was  carried  out  at  thej 
bridge  foundation  locations  and  along} 
the  highway  alignment  up  the  west} 
side  of  the  valley.  This  bank  wasi 
recognized  as  being  an  old  slide  area, 
and  several  springs  and  areas  of  sur-i 
face  ponding  of  water,  including  some  ; 
created  by  beaver  dams,  were  noted. 
However,  it  was  concluded  that  thcj 
bank  was  safe  against  a slide,  and. 
the  only  measure  taken  to  improvelj 
its  stability  involved  improvements  in  If 
the  surface  drainage.  } 

Since  the  fall  of  1958  some  54  test  j 
holes  have  been  put  down  in  and 
adjacent  to  the  unstable  area  around 
the  pier  and  abutments.  The  depths  | t 
of  these  ranged  from  25  to  100  ft.  i 
Penetration  resistances  were  run  in  j 
the  test  holes  and  Shelby  tube  j i 
samples  were  taken  for  laboratory  na-  j 
tural  moisture  content  and  limit  de-  j 
terminations.  Unconfined  compression  | . 
tests  were  also  run  on  a number  of  i 
these  samples.  In  the  fall  of  1960} 
seven  test  holes  were  drilled  along  t 
the  line  A- A'  shown  in  Fig.  8 ex- 1 
tending  from  the  river  to  the  top  of  i 
the  west  valley  bank.  Shelby  tube  ' 
samples  were  taken  at  5 ft.  intervals  i 
in  these  test  holes,  and  moisture  con-  i 
tent  samples  were  taken  at  2 ft.  in- 1 
tervals.  ^ 

The  test  holes  adjacent  to  the  pier  j 
showed  drainable  subsoil  water  ex-  j , 
isted,  and  during  the  summer  and  fall  j ) 
of  1959  an  extensive  system  of  hori-  i 
zontal  and  vertical  drains  were  in-  ' 
stalled  for  the  purpose  of  stabilizing  i 
the  area.  The  vertical  drainage  wells  | 
were  cased  so  that,  if  necessary,  they  |i| 
could  be  pumped.  i 

The  losg  with  laboratory  test  re- 
sults for  one  of  the  test  holes  adja- 
cent to  the  pier  and  one  about  mid-  | 
way  up  the  bank  are  shown  on  Figs.  | 
2c  and  2d. 

The  test  holes  showed  stratified  de-  ! 
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posits  of  predominimtly  inorganic  clay 
of  medium  to  high  plasticity  to  depths 
of  from  40  to  80  ft.  The  clay  is  inter- 
bedded  with  seams  of  silt  and  sand 
jvarying  in  thickness  from  thin  part- 
ings to  layers  several  feet  thick.  The 
deposits  have  all  been  over-consoli- 
dated. The  clay  deposits  are  underlaid 
by  interbedded  deposits  of  dense 
I sand,  sandstone,  shale  and  some 
igravel. 

The  test  holes  located  in  the  lower 
portion  of  the  bank  adjacent  to  the 
unstable  area  around  the  pier  gener- 
ally showed  a wet  sand  layer  at  a 
depth  of  20  to  25  ft.  below  the  sur- 
face. Above  the  sand  the  natural 
'moisture  contents  of  the  clay  were 
somewhat  higher  and  the  unconfined 
i compressive  strengths  were  lower 
than  at  depths  below  the  wet  sand, 
j However,  in  general  the  liquidity  in- 
dices are  aU  comparatively  low.  The 
laboratory  test  results  along  with  the 
. pile  driving  records  and  performance 
of  the  piling  below  the  pier  and  abut- 
i ments  on  the  west  bank,  particularly 
I for  the  pier,  indicated  that  the  un- 
! stable  area  around  the  pier  extended 
: to  a depth  of  20  to  25  ft.  below  the 
surface. 

' The  soil  profiles  and  laboratory  test 
results  for  the  seven  test  holes  on  the 
I line  A-A8  in  Fig  8 are  in  general 
similar  to  what  was  found  for  the 


many  test  holes  in  the  area  of  the 
pier.  Free  water  was  found  in  sand 
layers  in  five  of  these  seven  test  holes. 
Casagrande  type  piezometers  were  in- 
stalled in  these  five  test  holes  at  the 
levels  of  the  wet  sand.  The  maximum 
piezometer  levels  recorded  in  these 
are  tabulated  in  Table  2. 

TABLE  II. 

Maximum 

Piezometric 

Depth  of  Point  Level 
Below  Ground  {Depth  from 
Test  Hole  Surface  Ground  Surface) 

ARC  1 28  ft.-  6 in.  21  ft.  below 

ARC  IB.  . . 20  ft. -11  in.  15  ft.  below 

ARC  2 20  ft.-  0 in.  12  ft.  below 

ARC  3 49  ft.-lO  in.  2.5  ft.  above 

ARC  6 61  ft.-  5 in.  30  ft.  below 

Nine  consolidation  tests  were  run 
on  samples  from  test  holes  ARC  2,  3 
and  4.  In  addition,  seven  consolidated 
undrained  triaxial  compression  tests 
with  pore  pressure  measurements  were 
run  on  samples  of  over-consolidated 
clay  from  test  hole  ARC  3.  The  re- 
sults of  the  consolidation  tests  are 
shown  in  Fig.  4b,  and  of  the  triaxial 
compression  tests  in  Fig.  3b.  The 
range  of  laboratory  natural  moisture 
contents,  limit  values  and  unconfirmed 
compressive  strengths  for  the  samples 
from  the  upper  25  feet  of  the  test 
holes  in  the  lower  portion  of  the  bank 
are  shown  in  Table  3. 


TABLE  III. 


No.  of 

7'ests  Min. 

Max. 

Ave. 

Liquid  Limit. . 493 

15 

70 

42 

Plastic  Limit..  493 

10 

32 

18 

Moisture 

Content ....  493 

10 

31 

24 

Unconfined 

Compressive 

Strength 

Tons/Sq.  Ft.  122 

0.25 

13.27 

2.98 

Analysis  of  Data 

Cross-sections  through  the  centre 
of  the  two  slides  are  shown  in  Fig.  5. 
For  the  Dun  vegan  slide  the  average 
slope  from  the  toe  at  the  creek  to 
the  crown  of  the  slide  at  the  highway 
grade  is  about  9°.  The  location  at 
the  top  of  the  slide  escarpment  and 
the  initial  and  final  toes  of  the  slide 
are  known,  and  the  probings  in  test 
holes  2,  6,  14  and  8 gave  indications 
of  the  depth  of  the  shear  surface. 
These  data  plus  an  interpretation  of 
the  test  hole  logs  on  the  cross-section 
permitted  the  shape  of  the  shear  sur- 
face to  be  defined  as  being  along  the 
line  shown  on  the  cross-section  in  Fig. 
5.  It  will  be  noted  that  the  slide 
occurred  to  a comparatively  shallow 
depth,  and  that  the  ratio  of  length 
of  slide  to  depth  is  about  20. 

For  the  little  Smoky  slide  the  slope 
of  the  ground  surface  in  the  area  of 
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the  bridge  abutments  is  about  12°. 
A depth  to  shear  surface  was  selected 
at  25  ft.  because  of  the  fact  that  the 
test  hole  logs  indicated  a change  to 
distinctly  harder  soil  at  about  this 
depth. 

With  the  shear  surface  defined  it 
is  possible  to  make  a reasonably  ac- 
curate computation  of  the  average 
shearing  stresses  existing  on  the  shear 
surface  at  the  time  of  failure.  The 
conventional  method  of  slices  or  al- 
ternatively the  infinite  slope  analysis 
are  applicable  to  the  stability  prob- 
lem. 

For  the  Dunvegan  slide  the  method 
of  slices  has  been  used.  The  best  fit 
arc  through  shear  surface  to  the  lo- 
cation of  the  toe  in  the  initial  move- 
ment has  a radius  of  about  .3,000  ft. 
Using  this  arc  and  the  method  of 
slices  gives  an  average  shearing  stress 
of  1,750  p.s.f.  on  the  shear  surface. 
The  infinite  slope  analysis  using  the 
average  depth  to  the  shear  surface 
over  the  whole  length  of  the  slide 
down  to  the  toe  at  the  creek  gives  an 
average  shearing  stress  of  1,290  lbs. 
p.s.f.  The  value  of  1,750  p.s.f.  is 
probably  the  more  accurate,  since  ob- 
servations at  the  time  of  the  failure 
indicated  a certain  amount  of  pro- 
gressive failure  to  the  extent  that  the 
lower  portion  of  the  slide  developed 
after  the  formation  of  the  upper  toe. 

At  the  time  of  the  initial  failure  the 
factor  of  safety  for  the  maximum 
shearing  stresses  in  the  slope,  of 
course,  was  unity.  However,  if  the 
computed  average  shearing  stress  is 
compared  with  the  average  shearing 
strength  from  the  unconfined  com- 
pressive strength  tests  shown  in  Table 
I,  a factor  of  safety  of  2.6  is  indi- 
cated. Of  the  102  unconfined  com- 
pressive strength  tests  only  five  gave 


values  sufficiently  low  to  indicate  a 
factor  of  safety  of  unity  for  the  slide, 
and  these  low  strengths  appeared  to 
be  the  result  of  fissuring  in  the 
samples.  It  is,  therefore,  obvious  that 
the  method  of  analysis  using  un- 
drained unconfined  compression 
strength  laboratory  test  data  as  indi- 
cating the  shearing  strength  of  the 
soil  at  failure  gives  unrealistic  results. 

While  this  procedure  has  proven  to 
be  satisfactory  in  analyzing  the  sta- 
bility of  slopes  in  normally  consoli- 
dated saturated  clay  soils,  it  has  been 
recognized  for  some  yeai's  that  it  is 
not  reliable  for  highly  over-consoli- 
dated clays,  and  it  has  been  sug- 
gested that  stability  analyses  in  terms 
of  effective  stresses  give  more  ac- 
curate results.®  The  concept  of  effec- 
tive stress  in  soil  states  that  the 
shearing  strength  of  the  soil  can  be 
expressed  by  the  equation 


S = C'  + (p  — î/)tan  <t>’  (l)j* 
where  ; 

S = shearing  strength  under  ef-1 
fective  normal  stress.  l 
C'  = apparent  cohesion  in  terms! 

of  effective  stresses.  ; 

u = pore  pressure  in  water  phasel  ’ 
of  the  soil. 

(j>'  = angle  of  internal  friction  un-; 

der  effective  stresses, 
p = total  normal  stress  acting  on| 
the  plane  for  which  thej, , 
shearing  strength  is  S.  1 1 
The  effective  normal  stress  is  the| 
stress  difference  (p  — ti)  and  will  be;  , 
denoted  by  Pg.  The  shear  parameters! 
C'  and  (f}'  can  be  determined  from!  ' 
laboratory  triaxial  tests  run  as! 
“drained”  tests  or  alternatively  as! 
“consolidated  undrained”  tests  withi 
pore  pressure  measurements.  In  somei 
practical  problems  the  pore  pressure! 
is  an  independent  variable.  This  isi 
so,  for  example,  in  the  case  of  a; 
piezometric  pressure  above  the  level) 
of  a water  bearing  stratum.  However, 
in  other  circumstances,  including  thei 
conditions  in  a laboratory  triaxial  i 
compression  test,  the  pore  pressure 
may  be  a function  of  stress  change.  ; 
In  an  attempt  to  give  consideration' 
to  the  changes  in  pore  pressure  ' 
which  may  be  a function  of  stress  ; 
change,  Skempton^®  has  suggested  ' 
that  the  change  in  pore  pressure,  in  i 
eq.  ( 1 ) , can  be  expressed  as  ] 

U = B [Arg  -f  A(Ati  — AT3)  (2)  j; 
where 

Ati  = change  in  major  principal  ' 
total  stress.  | 

Ar3  = change  in  minor  principal  | 
total  stress.  | 

and  j 

A and  B are  pore  pressure  : 
parameters. 

The  parameter  B is  closely  equal  i 
to  unity  for  saturated  soils,  and  A 
varies  over  the  range  of  approxi-  , 
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ï iKitelv  +1  to  —0.5  depending 
Î upon  the  stress  history  of  the  soil 
' and  the  proportion  of  the  failure 
. stress  applied.  Values  of  A become 
jnegative  for  highly  over-consolidated 
[soils. 

! Fig.  3a  shows  the  results  of  a set 
'of  consolidated  undrained  triaxial 


; rneasurements  on  a typical  sample 
‘from  the  Dnnvegan  slide  area.  The 
1 sample  was  from  a depth  of  75  ft., 
1 its  natural  moisture  content  was 
1 30%,  and  its  liquid  and  plastic  limits 
were  80%  and  29%  respectively. 
Effective  stresses  were  used  in  plot- 
ting the  Mohr  failure  circles  shown 
in  Fig.  3a.  A plot  of  the  deviator 
stress  against  per  cent  deformation 
for  one  of  these  tests  is  shown  in 
Fig.  6a,  and  a plot  of  pore  pressure 
I against  per  cent  deformation  for  this 
j same  test  is  shown  in  Fig.  6b.  In  Fig. 

[ 6c  a plot  of  pore  pressure  parameter 
I A against  per  cent  axial  deformation 
is  shown.  It  is  significant  that  the 
pore  pressures  recorded  were  all  posi- 
tive, and  this  same  result  was  secured 
in  all  such  tests  run.  The  results  of 
a set  of  seven  consolidated  undrained 
I triaxial  compression  tests  with  pore 
I pressure  measurements  on  samples 
from  the  Little  Smoky  slide  are  also 


shown  on  Fig.  3b.  Again,  these  all 
showed  positive  pore  pressures. 

The  effective  stress  concept  as  ex- 
pressed in  eq.  (I)  has  been  applied 
to  each  of  the  two  slide  conditions 
using  the  infinite  slope  theory  with 
the  average  depth  and  slope  of  the 
shear  surface  as  shown  in  Fig.  5. 
The  effective  stress  shear  parameters 
used  are  those  shown  on  Fig.  3. 
Three  possible  variations  have  been 
considered.  The  assumptions  for  and 
the  results  from  these  are  as  follows: 

(a)  The  effective  stress  para- 
meters C'  and  (j)'  are  considered  fully 
moblized,  and  the  pore  pressure  is 
assumed  zero.  For  the  Dunvegan 
slide  the  indicated  factor  of  safety  is 
then  2.81,  and  for  the  Little  Smoky 
slide  is  2.95. 

(b)  The  effective  stress  para- 
meters C and  (f)'  are  considei'ed  fully 
mobilized  and  the  value  of  the  pore 
pressure,  ti,  is  computed  to  give  a 
factor  of  safety  of  unity.  For  the 
Dnnvegan  slide,  this  requires  a pore 
pressure  equal  to  a piezometric  level 
96  ft.  above  the  slide  surface,  or  29 
ft.  above  the  ground  surface;  and 
for  the  Little  Smoky  slide  a pore 
pressure  equal  to  a piezometric  level 
54.5  ft.  above  the  slide  surface,  or 


29.5  ft.  above  the  ground  surface  is 
required. 

(c)  It  has  been  suggested^' ^ that 
for  highly  over-consolidated  soils,  the 
cohesion  parameter,  C',  cannot  be 
depended  upon  for  several  reasons. 
If  the  cohesion  parameter,  C',  is 
taken  as  zero,  then  for  the  assump- 
tion made  in  case  (a)  above  that 
the  pore  pressure  is  zero,  the  factor 
of  safety  becomes  2.50  for  the  Dun- 
vegan  slide,  and  1.72  for  the  Little 
Smoky  slide.  With  the  assumption 
that  C is  zero,  the  required  pore 
pressure  to  give  a factor  of  safety  of 
unity  is  equal  to  a piezometric  level 
78  ft.  above  the  slide  surface,  or  II 
ft.  above  the  ground  surface  for  the 
Dunvegan  slide,  and  20  ft.  above  the 
slide  surface,  or  5 ft.  below  the 
ground  surface  for  the  Little  Smoky 
slide. 

It  is  clear  from  these  analyses  that 
if  the  pore  pressure  is  assumed  as  an 
independent  variable  very  substantial 
pore  pressures  are  required  to  ac- 
count for  the  instability  which  de- 
veloped. A total  of  1.5  piezometers 
and  stand  pipes  were  installed  in  and 
adjacent  to  the  Dunvegan  slide  area, 
and  of  these  12  showed  measurable 
piezometric  pressures.  However,  all 
of  them  indicated  piezometric  levels 
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far  below  that  necessary  to  produce 
instability  with  the  effective  stress 
analysis.  The  one  which  showed  the 
highest  pore  pressure  showed  a rise 
to  within  8 ft.  of  the  surface  and  at 
the  time  of  the  final  slide  movement 
it  had  dropped  to  12  ft.  below  the 
surface.  This  pressure  was  from  a 
sand  layer  only  25  ft.  below  the  sur- 
face. However,  even  if  this  piezo- 
metric level  is  assumed  as  being  ac- 
tive on  the  shear  surface,  the  factor 
of  safety  of  the  Dunvegan  slope 
based  on  the  infinite  slope  analysis 
and  effective  stresses  is  still  1.77. 

The  major  reason  which  has  been 
advanced  for  the  fact  that  stability 
analyses  in  over-consolidated  soils  do 
not  give  reliable  results  of  undrained 
shear  strengths  are  used,  is  that  it 
has  been  assumed  that  over-consoli- 
dation produces  a dilatant  structure 
in  the  soil.  That  is,  the  soil  is  so 
highly  compacted  that  a shearing  de- 
formation requires  an  increase  in 
volume  of  the  soil,  and  if  the  soil  is 
saturated  negative  pore  pressures  are 
developed.  Such  negative  pore  pres- 
sures increase  the  effective  pressure 
acting  between  the  soil  particles  as 
compared  to  the  pressure  resulting 
from  the  total  external  loads  applied 
to  the  soil  with  no  pore  pressure 
existing  in  the  water  phase.  Under 
these  conditions  the  pore  pressure 
parameter  “A”  in  eq.  (2)  becomes 
negative,  the  change  in  pore  pressure, 
ii,  is  less,  and  the  shear  strength,  s, 
in  eq.  (1)  becomes  greater  than  if  no 
negative  pore  pressure  existed.  Thus, 
laboratory  triaxial  compression  tests 
with  pore  pressure  measurements  for 
such  a dilatant  soil  would  indicate  an 
effective  shearing  stress  somewhat 
greater  than  would  be  the  case  if  no 
negative  pore  pressure  existed.  How- 
ever, if  it  is  assumed  that  under  field 
conditions  such  negative  pore  pres- 
sures will  dissipate  with  time,  then 
the  prototype  soil  will  gradually  lose 
strength  as  compared  to  what  is  in- 
dicated in  the  laboratory  test  and 
what  may  have  actually  existed  in  the 
prototype  soil.  This  hypothesis  can 
explain  the  reason  why  a comparison 
of  the  average  shearing  stresses  on 
the  shear  surface  in  a slide  in  over- 
consolidated soil  with  the  effective 
strength  of  the  soil  from  laboratory 
test  may  show  a faetor  of  safety 
greater  than  unity. 

If  the  soil  behaviour  is  to  be  in 
accordance  with  these  assumptions, 
it  follows  that  laboratory  undrained 
triaxial  compression  tests  with  pore 
pressure  measurements  on  the  over- 
consolidated clay  shales  under  con- 
sideration, should  give  negative  pore 
pressures  as  deformation  in  the 
sample  develops.  However,  such  tests 
run  on  samples  from  these  slide 


areas,  in  common  with  tests  on  simi- 
lar types  from  other  slide  areas  in 
the  same  general  region,  invariably 
show  positive  pore  pressures  as  the 
sample  is  deformed  to  failure.  It 
therefore  appears  that  the  discrep- 
ancy between  the  behaviour  of  the 
soil  in  the  slide  as  compared  to  what 
oan  be  predicted  from  an  effective 
stress  analysis  requires  some  other  ex- 
planation. 

Dilatant  Structure 

Test  results  have  been  reported 
from  several  reliable  sources  which 
indicate  a highly  dilatant  structure 
for  similar  clays  much  less  heavily 
over-consolidated  than  the  materials 
encountered  at  these  two  locations. 
It  is  therefore  of  interest  to  inquire 
into  the  reasons  why  shearing  tests 
on  these  very  heavily-consolidated 
clay  shales  do  not  show  a highly  dila- 
tant structure. 

Current  concepts  of  the  structure 
of  clay  soils®  postulate  plate  shaped 
particles  as  making  up  a high  per- 
centage of  the  sohd  fraction  of  the 
soil  mass.  As  the  particles  settle  fol- 
lowing deposition  in  water  interparti- 
cle bonds  may  develop  between  the 
faces  of  the  plates,  at  edges  and 
comers  of  the  plates  or  between  the 
edge  or  comer  of  one  plate  and  the 
face  of  an  adjacent  plate.  The  pre- 
ponderance of  one  type  of  bond  as 
compared  to  another  is  influenced  by 
the  physico-chemical  properties  of 
the  soil  particles  and  the  aqueous  en- 
vironment in  which  the  particles 
were  deposited. 

The  development  of  bonds  be- 
tween edges  or  between  edges  or 
corners  and  faces  of  the  particles 
tends  to  give  a very  loose  card-like 
structure.  The  available  evidence 
suggests  that  deposition  in  salt  water 
results  in  the  loosest  soil  stmcture, 
and  that  remolding  tends  to  produce 
a re-orientation  of  the  particles  such 
that  the  platy  particles  lie  flat  against 
one  another. 

Such  a loose  arrangement  of  soil 
particles  would  be  expected  to  result 
in  a non-dilatant  stmcture.  Overbur- 
den pressure  would  be  expected  to 
densify  the  soil  mass  and  if  sufficient 
densification  and  re-orientation  of  the 
particles  in  the  soil  mass  occurs,  a 
dilatant  stmcture  would  be  pro- 
duced. 

There  is  no  way  of  estimating  what 
pressure  would  be  required  to  change 
a given  clay  soil  from  a non-dilatant 
to  a dilatant  structure.  However,  as- 
suming a high  percentage  of  platy 
particles,  high  inter-partiele  bonds 
and  an  initial  very  loose  card-like 
stmcture,  there  is  no  reason,  on  theo- 
retical grounds,  to  assume  that  a dila- 
tant structure  would  ever  be  pro- 


duced by  overburden  pressure  alone.} 
Moreover,  it  is  not  difficult  on  thej 
basis  of  this  hypothesis  of  the  stmc-| 
ture  of  clay  soils  to  understand  that  a ' 
non-dilatant  stmcture  might  exist  ; 
during  first  application  of  a shearing: 
deformation  to  an  undisturbed  soil  I 
sample,  but  that  the  sample  might' 
subsequently  display  dilatant  charac-  ‘ 
teristies  as  greater  shearing  deforma- , 
tions  are  applied.  The  laboratory  test  i 
results  on  samples  from  two  slide  : 
areas  suggest  that  these  are  the  con-  ! 
ditions  which  actually  developed  in  | 
the  samples,  but  that  sufficient  dila- 1 
tancy  did  not  exist  to  result  in  a nega-  j 
tive  pore  pressure  before  failure  of  ! 
the  sample.  i 

j 

Swelling  Pressure  Hypothesis  | 

If  equation  ( I ) is  examined  from  j 
the  point  of  view  of  possible  modifi-  i 
cations  to  the  parameters  which  ! 
would  result  in  the  available  shearing 
strength  as  computed  from  equation  \ 

( I ) being  closer  to  the  actual  aver- 
age  shearing  stress  at  failure  in  the  i 
slide  area,  it  becomes  clear  that  it  is  ; 
the  value  of  the  pore  pressure  term  i 
“u”  which  is  the  most  unrealistic  in  i 
comparison  to  the  physical  conditions  1 
actually  known  to  exist  in  the  side  i 
areas.  The  known  physical  conditions  ( 
give  a value  of  “u”  considerably  too  jj 
low  to  meet  this  requirement.  This  f 
suggests  the  possibility  that  a fourth  j 
parameter  should  be  introduced  in  j 
equation  (I)  whieh  would  be  of  the  i 
same  physical  nature  as  the  pore  ! 
pressure  term  “u”.  | 

The  clay  shales  in  the  areas  of  I 
these  slides  generally  are  capable  of  ' 
exerting  significant  swelling  pres-  I 
sures.  The  magnitudes  of  these  are  : 
dependent  upon  the  existing  moisture  j 
content  of  the  soil,  the  over-burden 
pressure  on  it  and  the  availability  of  ' 
free  moisture,  in  addition  to  the  , 
mineralogical  characteristics  of  the 
soil. 

If  an  undisturbed  sample  is  set  up  i 
in  a laboratory  consolidation  test  un-  i 
der  a loading  equal  to  the  weigth  of 
the  overburden  under  which  it  [ 
existed  during  its  recent  natural  en-  ‘ 
vironment,  swelling  pressure  may  be  | 
developed  if  free  water  is  made  avail-  i 
able  to  the  sample.  This  usually  . 
occurs  only  with  the  more  highly 
plastic  soil  types.  If  the  test  is  set 
up  with  a loading  less  than  the 
weight  of  the  natural  overburden  on 
the  sample,  swelling  pressures  invari- 
ably develop  in  the  presence  of  free 
water.  The  development  of  seepage 
pressure  in  a layer  or  zone  in  such 
a soil  will  reduce  the  effective  pres- 
sure on  the  soil  and  be  equivalent  to 
reducing  the  overburden  pressure. 
Under  these  conditions  swelling  or  ! 
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he  development  of  swelling  pres- 
iures  are  to  be  expected  in  the  soil. 
I The  question  arises  as  to  whether 
.he  tendency  to  swell  in  such  a soil 
will  alter  the  effective  stress  between 
die  soil  particles.  It  could  be  argued 
:hat  the  effect  of  expansion  in  the 
mil  would  be  to  increase  the  pres- 
sure between  the  soil  particles.  A 
jfundamental  analysis  of  what  in  fact 
[does  occur  involves  one  in  physico- 
chemical concepts  of  the  inter-action 
of  clay  mineral-water  systems,  and 
many  of  the  presently  advanced  ideas 
;in  this  field  are  controversial.®  How- 
ever, if  one  visualizes  the  interparti- 
cle bonds  before  swelling  as  being  in 
I the  nature  of  tension  forces  in  the 
[water  films,  then  the  addition  of 
water  may  be  expected  to  decrease 
(these  tension  forces.  This  would  have 
I the  effect  of  decreasing  the  effective 
I stress  between  the  particles, 
i Among  the  current  standard  tests 
i for  determination  of  the  mechanical 
j properties  of  soils,  the  consolidation 
; test  is  the  most  suitable  for  measur- 
i ing  the  swelling  characteristics  of  a 
I soil.  This  can  be  done  by  holding 
’ the  volume  constant  while  the  sample 
j is  given  free  access  to  water.  The 
' swelling  pressure  then  becomes  the 
i load  at  which  reduction  in  volume 
j commences.  Alternatively  the  sample 
' can  be  permitted  to  swell  freely  un- 
! der  a normal  pressure  and  sub- 
sequently consolidated.  The  swelling 
! pressure  can  then  be  taken  as  the 
i load  at  which  the  soil  is  reduced  to 
the  same  void  ratio  as  it  had  before 
it  was  given  free  access  to  water. 

These  two  tests  for  swelling  pres- 
sure do  not  give  identical  results, 
particularly  for  the  more  highly  swel- 
ling soil  types.  The  constant  volume 
test  gives  lower  values  of  swelling 
pressure  because  in  this  test  the 
sample  is  consolidated  as  swelling 
pressure  builds  up,  and  in  addition 
the  soil  swells  against  an  increasing 
confining  pressure.  The  constant 
pressure  type  of  test  appears  to  give 
more  realistic  values  for  the  potential 
swelling  pressure  which  can  develop 
in  the  soil. 

The  swelling  pressures  as  recorded 
from  nine  consolidation  tests  on 
samples  from  the  Little  Smoky  slide 
area  are  shown  in  Table  IV.  For  the 
Dunvegan  slide  area  the  swelling 
pressures  from  four  constant  pressure 
type  tests  gave  an  average  swelling 
pressure  of  1.8  tons  per  sq.  ft. 

TABLE  IV. 

Constant  Constant 
P test  e test 


Ps  Max 2.4  1.2 

Ps  Min 0.48  0.45 

Pb  Avc 1.25  0.82 


Equation  (1)  can  be  modified  as 
follows  to  include  a term  that  will 
reduce  the  effective  stress  by  the 
estimated  potential  swelling  pressure 
of  the  soil  on  the  slide  surface. 

S = C'  -f  (t  — M — Pg)  tan  (f>'  (3) 

where  Pg  is  the  estimated  potential 
swelling  pressure  of  the  soil  and  the 
remaining  symbols  are  defined  as 
noted  above  for  equation  ( 1 ) . 

If  the  stability  of  the  Dunvegan 
slide  is  checked  by  equation  (3)  us- 
ing the  average  value  of  1.8  tons  per 
sq.  ft.  for  Pg,  and  with  the  remaining 
data  as  used  in  the  stability  analysis 
noted  above  using  equation  (1),  the 
factor  of  safety  against  movement 
becomes  0.97.  Similarly,  for  the  Lit- 
tle Smoky  slide,  using  a value  of  Pg 
of  1.25  the  factor  of  safety  against 
movement  becomes  0.98. 

Thus  the  inclusion  of  a swelling 
pressure  parameter  in  the  basic  effec- 
tive stress  analysis  appears  to  give  a 
more  realistic  assessment  of  the  sta- 
bility of  these  two  slide  areas  than 
results  from  other  conventional  sta- 
bility analyses.  Moreover  checks 
against  other  slides  in  similar  ma- 
terials in  the  same  general  area  show 
that  the  magnitude  of  the  swelling 
pressure  parameter  required  to  give 
a factor  of  safety  of  unity  against 
movement  is  well  within  the  range 
of  swelling  pressures  recorded  in  con- 
stant pressure  consolidation  tests  for 
the  soil  types  involved. 

Practical  Implications 

Unfortunately  the  concept  of  the 
effect  of  swelling  pressure  on  the  sta- 
bility of  slopes  in  heavily  over-con- 
solidated clay-shales  does  not  point 
to  a simple  solution  to  the  stabiliza- 
tion of  such  slopes.  However,  it  does 
permit  a more  accurate  assessment  of 
the  relative  importance  of  the  various 
factors  involved,  both  in  predicting 
the  possibility  of  a slide  in  a particu- 
lar slope,  and  in  stabilizing  danger- 
ous areas  or  those  where  movement 
has  occurred. 

In  investigating  the  stability  of 
such  slopes  the  natural  moisture  con- 
tent profile  and  the  existence  of  see- 
page zones  along  with  the  usual 
laboratory  soil  tests  are  still  of  prime 
importance.  However,  consolidation 
tests  run  to  indicate  potential  swel- 
ling pressures  on  representative 
samples  will  give  information  pertin- 
ent to  the  assessment  of  the  real 
stability  of  the  slope  if  effective 
stress  stability  analyses  are  used. 

In  the  stabilization  of  slopes  in 
these  materials  internal  drainage  of 
seepage  water  and  protection  of  the 
slope  against  surface  run-off  remain 
of  prime  importance.  However,  the 
concept  of  the  effect  of  swelling  pres- 


sure on  the  stability  suggests  that  the 
conventional  procedure  of  unloading 
the  top  of  such  slopes  may  be  objec- 
tionable and  tend  to  precipitate  move- 
ment. Toe  loading,  on  the  other  hand, 
will  generally  be  advantageous  pro- 
viding it  does  not  block  natural 
drainage  from  the  bank.  This  pro- 
cedure was  successfully  used  in  the 
stabilization  of  the  Dunvegan  slide  by 
extending  a toe  across  the  creek  at 
the  lower  end  of  the  slope  with  a 
culvert  to  carry  the  creek  flow. 

Possibly  of  greatest  significance  is 
that  the  appreciation  of  the  impor- 
tance of  swelling  pressure  in  the  sta- 
bihty  of  such  slopes  wiU  direct  re- 
search to  the  problem  of  the  possibil- 
ity of  altering  the  physico-chemical 
properties  of  such  clay  mineral-water 
systems  in  situ. 
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COMMENTARY  ON 
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Chairman,  CSA  Committee  S16  Development  Engineer,  Canadian  Institute  of  Steel  Construction 


p Q A STANDARD  S16-1961, 
“Steel  Stioictures  for 
Buildings”,  is  the  fifth  and  latest  edi- 
tion of  a specification  which  had  its 
origin  more  than  35  years  ago. 

The  first  “Specification  for  Steel 
Structures  for  Buildings”  published 
by  the  Canadian  Standards  Associa- 
tion appeared  in  1924.  The  number 
assigned  to  it  was  A 16,  it  being  the 
16th  standard  to  be  published.  The 
specification  itself  consisted  of  14 
pages,  but  it  also  contained  several 
appendices,  one  of  which  set  forth 
recommended  values  for  live  loads, 
while  another  contained  the  material 
specification  for  the  type  of  steel  to 
be  used.  It  is  of  interest  to  note  that 
for  live  loads  one  must  now  consult 
the  applicable  building  code,  and  that 
the  material  specifications  for  the 
various  structural  steels,  transferred 
to  a separate  publication,  now  bulk 
quite  large  in  'themselves. 

The  Canadian  Standards  Associa- 
tion, originally  the  Canadian  Engi- 
neering Standards  Association,  is  a 
voluntary  association  of  representa- 
tives of  industry,  engineers,  archi- 
tects, and  others,  devoted  to  the  es- 
tablishment of  standards  for  the  con- 
venience of  industry  and  the  protec- 
tion of  the  public.  The  adoption  and 
use  of  these  standards,  as  such,  is 
purely  voluntary.  However,  in  the 
National  Building  Code  of  Canada, 
and  in  many  municipal  building  by- 
laws, we  find  that  appropriate  CSA 
standards  have  been  incorporated. 


and  thus  have  acquired  legal  status. 

In  drafting  CSA  standards  every 
effort  is  made  to  secure  representa- 
tion from  all  interested  parties.  Thus 
the  committee  to  which  was  entrusted 
the  task  of  revising  the  Specification 
for  Steel  Structures  for  Buildings  in- 
cluded representatives  of  structural 
steel  fabricators,  the  engineering  pro- 
fession, the  architectural  profession, 
the  academic  field,  and  the  Canadian 
Institute  of  Steel  Construction. 

The  first  edition  of  the  specification 
now  under  discussion  appeared,  as 
mentioned  above,  in  1924.  A second 
edition,  still  numbered  A 16,  was  pub- 
lished in  1930.  The  second  edition, 
like  the  first,  contained  an  appendix 
which  was  the  material  specification 
for  the  type  of  structural  steel  in  com- 
mon use  at  that  time.  It  was  what  was 
later  termed  “mild  steel”,  possessing 
lower  yield  and  tensile  strength  ^^han 
now  provided.  In  1940,  when  the 
third  edition  appeared,  it  is  found 
that  an  important  change  had 
occurred,  in  that  the  material  around 
which  the  specification  was  written, 
so  to  speak,  was  the  “medium  struc- 
tural steel”  with  which  we  are  now 
so  familiar,  with  its  yield  point  of 
33,000  p.s.i.  and  minimum  tensile 
strength  of  60,000  p.s.i.  The  1940 
specification  was  renumbered  SI 6, 
which  is  the  designation  by  which  it 
is  known  to-day.  Provision  was  made 
for  the  use  of  the  older  “mild  steel”, 
at  unit  stresses  of  90%  of  those  tabu- 
lated for  “medium  steel”. 


In  1954,  the  fourth  edition  of  S16 
was  published.  As  this  edition  has 
been  in  regular  use  practically  up  to 
the  present,  little  comment  is  required 
here.  References  will  be  made  to  cer- 
tain features  of  the  earlier  editions 
later,  to  illustrate  the  manner  in 
which  such  a specification  develops 
over  the  years. 

It  seems  appropriate  to  mention 
the  fact  that  the  detail  work  on  the 
first  four  editions  of  this  specification 
was  carried  out  under  the  able  chair- 
manship of  the  late  Dr.  P.  L.  Pratley, 
the  eminent  Montreal  consultant.  We 
may  well  pay  tribute  to  a lifetime  of 
service  to  the  engineering  world. 

In  1940,  the  basic  material  for  steel 
structures  for  buildings  had  become 
the  steel  identified  with  CSA  Specifi- 
cation G40.4  or  American  Society  for 
Testing  Materials  (ASTM)  Specifica- 
tion A7.  The  permissible  axial  ten- 
sion on  net  section  was  20,000  p.s.i. 
Rivet  shear  was  15,000  p.s.i.  and 
girder  web  shear  was  13,000  p.s.i. 
These  figures  remained  in  force  right 
through  to  1961,  nor  have  they,  in 
reality,  been  abandoned  now.  That 
statement  must  be  qualified,  however, 
with  regard  to  the  war  3?ears,  when 
there  was  in  use  the  “National  Emer- 
gency Specification”,  which  took  ten- 
sile stress  up  to  24,000,  rivet  shear  up 
17,000  and  web  shear  up  to  14.000 
p.s.i.  After  the  war,  the  old  standards 
were  reinstated.  One  may  ask,  why 
the  higher  figures  should  not  be  re- 
tained, if  they  could  be  used  \wth 
apparent  safety  during  the  war.  One 
answer  to  that  is,  that  there  was  little 
or  no  building  during  the  war  apart 
from  the  demands  of  the  actual  war 
effort,  so  that  the  application  of  the 
uprated  stress  figures  were,  in  effect, 
restricted  to  certain  types  of  build- 
ings, constructed  under  government 
sponsorship  and  supervision.  Building 
in  times  of  peace  may  proceed  under 
quite  different  conditions. 

Whereas  the  structural  steel  fabri- 
cating industiA’  has  been  using  here- 
tofore, for  most  of  its  work,  one 
standard  type  of  steel,  we  find  our- 
seK’es  to-day  in  a diflercnt  situation. 
(Fig.  1)  High-strength  steels  imder 
\ ariou.s  “brand  names"  Iiave  appeared 
on  tlie  market,  offering  >'ield  strengths 
in  the  50, ()()()  p.s.i.  region.  Still  more 
reeentb',  there  were  published  the 


Fig.  1 

Some  Typical  Specifications  for  Structural  Steel 


N umerical  Designation  Title  ■ Remarks 


CSA  G40.4 

Specification  for  Medium  Struc- 
tural Steel. 

Similar  in  most  respects 

ASTM  A7 

Steel  for  Bridges  and  Buildings. 

ASTM  A373 

Stiuctural  Steel  for  Welding. 

Mechanical  properties  al- 
most same  as  ASd’M  A7. 

CSA  G40.8 

Structural  Steel  with  Improved 
Rp.sistancc  to  Brittle  Fracture. 

Mechanical  properties 
higher  than  A7  or  G40.4. 
Good  notch  toughness. 

AS4'M  A3() 

Structural  Steel. 

Mechanical  jiroperties 
higher  than  A7  or  G4().4. 

ASO'M  A440 

Higli-Strength  Structural  Steed. 

Intended  j)rimarily  for 
riveting  and  bolting. 

AS4'M  A44  1 

I ligli-StrcMigth  Bow  Alloy  Struc- 
tural Maiiganc'sc  N'anadium 
Steel. 

Intended  primarily  for 
welding. 
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ASTM  standards  A440,  A441  and 
A36,  and  a very  interesting  Canadian 
specifieation  which  does  not  have  a 
duplicate  elsewhere,  CSA  G40.8. 
These  developments  naade  it  increas- 
ingly important  to  study  the  S16 
specification  from  the  viewpoint  of  its 
application  to  steels  other  than  the 
familiar  G40.4,  In  the  fourth  edition, 
provision  was  simply  made  for  the 
use  of  other  steCls  at  stresses  directly 
proportionate  to  their  respective  yield 
strengths.  Up  to  a point,  this  was 
quite  satisfactory  but  it  was  a prin- 
ciple which  could  not  be  applied  in- 
discriminately. The  design  of  slender 
columns  is  an  instance  where  the  de- 
termination of  strength  by  consid- 
eration of  the  yield  level  is  not  a 
valid  assumption.  Some  adjustment 
was  also  needed  in  dealing  with  such 
items  as  girder  web  plates.  Other 
specifications,  such  as  the  well- 
known  AASHO  specification  for  high- 
way bridges,  had  formulated  rules  in 
such  cases,  and  Committee  S16  had 
to  make  a careful  survey  of  the  situa- 
tion. 

In  the  new  edition  of  S16  there 
will  be  found  permissible  unit  stress 
figures  based  on  the  same  yield 
strength  as  specified  before,  33,000 
p.s.i.  In  addition,  however,  values  are 
provided  for  steels  which  have  a spec- 
ified minimum  yield  point  other 
than  33,000  p.s.i.  What  might  he 
termed  the  “base  stress”,  the  tensile 
stress  on  net  area,  is  not  to  exceed 
0.61  times  the  specified  minimum 
yield  strength,  although  this  has  been 
hedged  with  a precaution  to  the 
effect  that  the  “base  stress”  must  not 
exceed  one  half  of  the  minimum  ulti- 
mate strength  of  the  steel.  This  last 
may  seem  rather  an  unnecessary  mea- 
sure, until  one  looks  more  closely  into 
the  figures  for  some  of  the  high- 
strength  steels  now  available.  It  will 


f?^IO  : 


mimimum  yield  strength 


FOR  A4  41  = 


MINIMUM  TENSILE  STRENGTH 
50,000 


FOR  G40.4= 


70.000 

33.000 


60,000 


= ■ O 55 


STRAIN- 


Fig.  2. 


be  found  that  in  some  cases  the  mar- 
gin between  the  minimum  yield  point 
and  the  minimum  ultimate  stress  is 
considerably  less  than  w'hat  we  tend 
to  assume  from  long  familiarity  with 
G40.4  or  A7.  (Fig.  2) 

One  of  the  problems  which  con- 
fronted the  committee  Was  that  of 
identification  of  structural  steels.  De- 
signers in  this  country  are  familiar 
with  the  structural  steels  which  ap- 
pear in  the  CSA  G40  series,  or  in  the 
ASTM  standards.  From  time  to  time, 
however,  the  question  is  brought  up 
of  the  use  of  steels  produced  to  other 
than  these  standards.  The  specifica- 
tion endeavours  to  protect  the  inter- 
ests of  all  concerned  by  saying  that 
“other  steels”  must  conform  to  “an 
approved  specification  for  a steel  of 
structural  quality”.  Here,  as  else- 


Fig.  3.  Requirements  for  columns  subject 
CSA  S16-1961 


to  axial  load  plus  end  bending  moments— 


% 


Fbo 


NOTES’  Column  assumed  held 
laterally  in  b<57h  diredTionsaT 
■the,  ends. 


Fjo  = Allowable  axial  cempr-essive 
stress  -for  zero 
slenderness  raTi'o. 


Fa  = Ailowaoie  axial  conripressive 
STresi  mid  way  between 
poinTs  of  Support. 


PA  , MeVS 


Fb  = Allowable  bending  stress 
Taking  inTo  accourt 'the 
unsupported  length  of 
1he  column  -Fiance 


Fba  = Allowable  bending  stress 
atttie  Support  points 


P/A  . ^2/s 
F'ao  Fb,, 


Meq=The  equivalent  mid 

length  bending  mornert 
•for  design  purposes. 


where,  “approved”  means  approved 
by  the  authority  having  jurisdiction 
or  'by  the  representative  of  the  pur- 
chaser. In  SI  6,  it  is  quite  feasible  to 
hst  the  “standard”  types  of  steel 
which  are  always  in  mind  during  the 
writing  of  the  specification;  it  is  hard- 
ly practicable  to  make  a ruling  on 
every  kind  of  structural  steel,  domes- 
tic or  imported,  which  may  be  avail- 
able. The  way  of  over-caution  would 
be  to  permit  the  use  of  only  the  well- 
known  steels.  However,  ibis  would 
place  not  only  an  unjustifiable  barrier 
in  the  way  of  possibly  sound  material, 
it  would  hinder  the  use  of  any  new 
structural  steCl  which  our  own  steel- 
makers might  develop  in  the  next  few 
years.  Generally  speaking,  it  is  in- 
tended that  structural  steels  conform- 
ing to  familiar  and  recognized  stand- 
ards such  as  GSA  or  ASTM  be  con- 
sidered as  conforming  to  “approved” 
specifications  and  that  these  steels  be 
used  as  applicable.  However,  struc- 
tural steels  conforming  to  less  famil- 
iar standards  also  should  he  accept- 
able when  the  quality  of  the  material 
(as  defined  by  the  provisions  of  the 
material  specifications  to  which  they 
are  produced)  is  suitable  for  the  in- 
tended use  and  this  is  agreed  upon 
beforehand  by  all  parties  concerned. 

The  new  fifth  edition  of  GSA  S16 
contains,  like  its  forerunners,  a signi- 
ficant preface. 

This  preface  reiterates  some  funda- 
mental concepts  which  should  be 
home  in  mind.  Foremost  of  these, 
is  the  fact  that  a specification  is  not 
intended  to  function  as  a text  book, 
and  that  its  contents,  which  must  be 
as  compact  as  possible,  are  intended 
for  the  guidance  of  the  experienced 
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'rather  than  for  the  instruction  of  the 
[Uninitiated.  On  the  other  hand,  where 
there  was  sometimes  the  temptation 
to  omit  an  item  on  the  grounds  that 
'“everybody  knows  that”,  it  was  still 
thought  advisable  to  insert  at  least  a 
warning  sentence  or  reminder.  Experi- 
ence was  sometimes  on  hand  to  show 
that  some  seemingly  bbvious  item 
could  actually  be  overlooked. 

There  may  well  be  requirements  in 
the  new  edition  of  S16  which  the  user 
might  wish  were  more  explicit.  When 
it  speaks  of  ‘live  load  being  prepon- 
derant” in  a member,  or  “eccentricity 
being  excessive”  in  a connection,  just 
what  is  meant?  How  much  live  load 
must  there  be  before  it  is  preponder- 
ant, and  at  what  point  does  eccen- 
tricity become  excessive?  It  can  only 
be  said  that  the  experience  of  the 
designer  must  be  the  criterion.  One 
might,  for  instance,  add  illustrations 
of  various  eccentric  connections,  and 
give  formulae  for  calculating  the 
stresses  therein,  but  there  would  be 
little  chance  of  providing  data  which 
would  be  complete  enough  to  cover 
all  cases  whidh  might  arise.  In  the 
British  specification,  BS449:1959  sev- 
eral pages  are  devoted  to  an  exposi- 
tion of  the  manner  in  which  the 
effective  slenderness  ratio  for  various 
types  of  columns  should  be  selected; 
and  yet,  there  are  column  conditions 
which  have  not  been  included.  Some 
of  the  material  related  to  compressive 
stresses  is  covered  at  greater  length  in 
the  Belgian  specification,  NBN  1,  for 
instance,  than  is  the  case  in  either 
Canadian  or  U.S.  standards;  yet,  it  is 
possible  to  ask  some  questions  which 
are  not  explicitly  answered  in  that 
specification.  The  aim  in  S16  has 
been  to  indicate  that  a problem  exists, 
but  to  leave  it  to  the  technical  com- 
petence of  the  designer  to  solve  it. 
It  does  not  purport  to  relieve  the 


O 


designer  of  his  responsibility  to  pre- 
pare an  adequate  design. 

A systematic  review  of  the  new 
edition  of  the  specification  may  be  of 
general  interest.  The  specification 
consists  of  34  sections  or  Chapters, 
each  covering  a specific  aspect  of 
design,  fabrication  or  erection. 

In  addition,  there  are  four  appen- 
dices intended  to  provide  supple- 
mentary information. 

Only  the  more  important  portions 
can  he  dealt  with  here,  although 
some  seemingly  insignificant  clauses 
have  been  the  subject  of  considerable 
committee  work.  For  example,  in  the 
very  first  clause,  it  had  to  be  decided 
whether  it  would  be  possible  to  in- 
clude in  S16  the  data  on  light-gauge 
steel  construction  hitherto  excluded. 


It  will  be  seen  that  the  subject  is 
Still  excluded  from  the  scope  of 
SI 6,  but  due  in  part  to  a recom- 
mendation of  Committee  SI 6,  light- 
gauge  steel  design  now  has  been  com- 
mitted for  study  to  a separate  com- 
mittee of  the  Canadian  Standards  As- 
sociation. 

The  section  on  “Types  of  Design” 
has  'been  revised  in  order  to  pro- 
vide a place  for  Plastic  Design,  in- 
formation on  which  appears  later.  It 
is  of  interest  to  note  that  a forecast 
of  this  development  actually  appeared 
in  clause  4.5  of  the  previous  fourth 
edition. 

Although  no  change  has  been 
made  in  section  6,  dealing  with  plans, 
it  might  not  be  out  of  place  here  to 
call  the  attention  of  designers  to  the 
requirement  that  design  drawings 
should  contain  not  only  the  sizes  and 
locations  of  members,  but  such  data 
on  loads.  Shears,  moments  and  axial 
forces  as  may  be  required  for  the 
proper  preparation  of  the  shop  draw- 
ings. There  have  been  times  when 
some  of  this  information  has  remained 
secreted  in  the  design  brief,  leaving 
it  to  the  fabricator  to  do  a certain 
amount  of  scientific  guesswork.  Sure- 
ly the  elimination  of  guesswork 
wherever  possible  is  to  the  benefit  of 
all. 

For  members  subject  to  iboth  axial 
and  bending  stresses,  the  familiar 
“interaction  formula”  is  retained. 
(Fig.  3)  To  this,  however,  has  been 
added  a formula,  believed  to  have 
originated  with  Professor  Massonnet, 
w'hich  provides  a method  of  calculat- 
ing an  equivalent  bending  moment 
assumed  to  act  at  mid-length  of  a 


Fig.  5. 

TENSION -SHEAR  PATIOS 


RIVETS  IN  COMBINED 
SHEAR  AND  TENSION 
SHALL  BE  PROPORTIONED 
SO  that  the  quantity 


Fft  Fv^ 


WHERE“ 

Fv  — Unit  shear  stress  that 
would  be  permitted  by 
this  specification  if 
shear  stress  only  existed. 

Fi-  = Unit  tensile  stress  that 
would  be  permitted  by 
this  specification  if 
tensile  stress  only  existed. 


ft 


= Calculated 
stress. 

Calculated 

stress. 


unit  shear 


unit  tensile 
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column  subjected  to  end  bending 
moments.  (Fig.  4)  Other  guidance  is 
also  given  for  the  treatment  of  com- 
bined stresses  in  design. 

In  the  case  of  rivets  subject  to  com- 
bined shear  and  tension,  research  data 
which  have  become  available  since 
the  publication  of  the  fourth  edition 
have  made  it  possible  to  give  more 
e.xplicit  instructions  regarding  allow- 
able combined  stresses.  (Fig.  5) 

In  the  section  dealing  with  com- 
posite beams,  a change  has  been 
made  which  merits  some  e.xplanation. 
A sentence  reads,  “The  entire  com- 
posite cross-section  may  be  assumed 
as  effective  in  computing  total  stresses 
due  to  all  dead  and  live  loads.”  This 
represents  a departure  from  previous 
thinking,  according  to  which  the  full 
strength  of  the  steel  beam  could  not 
be  assumed  if  it  had  already  been 
stressed  by  the  weight  of  the  con- 
crete prior  to  hardening  of  the  con- 
crete. At  a seminar  held  in  Toronto 
late  in  1959,  it  was  pointed  out  that 
for  a given  combination  of  steel  beam 
and  concrete  slab,  the  ultimate 
strength  was  found  to  be  the  same, 
whether  the  beam  had  or  had  not 
been  shored  during  the  placing  of  the 
concrete,  although  there  was  a slight 
difference  in  the  stress  under  working 
load.  Of  course,  it  is  still  necessary 
to  ensure  that  the  steel  beam  is  ade- 
quate to  carry  the  weight  of  the 
concrete,  if  unshored,  and  to  check 
the  deflection  which  will  result  from 
the  procedure  adopted. 

The  clause  on  “Effective  Span 
Length”  is  short,  and  has  not  suffered 
a major  revision.  Neverthelfess,  the 
discussion  of  this  clause  in  committee 
brought  forth  some  interesting  points, 
and  it  is  also  instinctive  to  read  it  in 
the  light  of  certain  provisions  found 
in  the  editions  of'  1924  and  1930.  The 
earlier  specifications  stated  that  the 
equivalent  length  of  'a  beam,  for  the 
calculation  of  bending  moments, 
might  be  taken  as  the  distanee  be- 
tween gauge  lines  in  the  web  eonnec- 
tion  angles,  when  standard  connection 
angles  were  used.  The  early  editions 
also  made  some  provision  for  reduc- 
ing the  effective  length  of  a plate 
girder,  when  the  latter  was  connected 
by  a fuU-depth  contièction  to  a rigid 
support.  Later,  we  find  this  changed 


to  the  present  type  of  elause,  which 
states  that  the  span  length  for  design 
purposes  shall  “generally”  be  taken 
as  the  distanee  between  centies  of 
supporting  members. 

Taking  the  effective  length  of  a 
beam  as  the  distance  between  centres 
of  supports  is  on  the  safe  side  as  far 
as  the  design  of  the  beam  is  con- 
cerned, and  it  also  has  the  merit  of 
simplicity.  Also,  as  far  as,  the  beam 
design  is  coneerned,  there  should  be 
little  hesitancy  about  calculating  or 
recalculating  bending  moments  on  the 
basis  of  actual  clear  span  when  this 
can  be  accurately  ascertained.  Let  it 
be  clear,  however,  that  no  matter  what 
assumption  is  made  regarding  the 
effective  span  of  flexural  members, 
the  effect  of  eccentricity  of  loading 
must  be  taken  into  account  in  the 
design  of  the  supporting  member.  The 
specification  does  not  countenance 
under-design  of  a supporting  column 
because  of  over-design  of  the  beams 
which  are  supported  by  it. 

This  brings  us  to  the  all-important 
matter  of  unit  stresses.  Reference  has 
already  been  made  to  the  relationship 
between  the  guaranteed  minimum 
yield  point  of  a steel,  and  the  permis- 
sible tensile  stress.  The  practice 
adopted  generally  with  regard  to  unit 
stresses  has  been  to  maintain  the  same 
ratio  between  them  and  the  yield 


Fig.  7 


Evolution  of  Column  Formula  (CSA  Spec’n.) 


1924 

1930 

1940 

1948 

19.54 


1960 


Fa  = 14,000  - l/3(L/r)2  [for  “Mild”  Steel] 

Fa  = 17,000  — 60(L/r)  not  to  exceed  15,000  [for  “Mild”  Steel] 
Fa  = 20,000  — 70(L/r)  not  to  exceed  1.8,000  [for  “Medium”  Steel] 
Same  as  1940 

Fa  = 20,000  — 70(L/r)  not  to  exceed  18,000 

(multiplied  by  (2.0  — L/1.50r)  for  Ljr  greater  than  150) 
F.  = [20,000  - 70(AL/r)](/ÿ/33,000) 


, , , , , 145,000,000 

but  not  to  exceed  — „ 
(KLIrY 


point  as  already  exists  for  CSA  G40.4 
or  ASTM  A7  steels.  Exceptions  to  this 
practice  have  to  occur,  however,  in 
the  formulae  which  deal  with  the 
possibility  of  buckling.  It  has  long 
been  accepted  that  the  failure  of 
slender  compression  members,  and  the 
behaviour  of  some  compression  flanges 
and  thin  webs,  is  governed  by  the 
modulus  of  elasticity  rather  than  by 
the  yield  strength  or  ultimate  strength 
of  the  material.  Precautions  must 
therefore  be  taken  against  allowing 
steels  to  be  rated  in  direct  proportion 
to  their  respective  yield  strengths  if 
there  is  a possibility  of  such  failure 
within  the  elastic  range  of  buckling. 

By  a fortunate  coincidence,  the 
work  of  the  Column  Research  Council 
was  approaching  publication  at  the 
time  when  Committee  SI6  had  to 
make  a decision  on  the  type  of  formu- 
la to  be  used  for  allowable  stresses 
in  columns  and  other  compression 
members.  In  the  book  recently  pub- 
lished by  the  Council,  the  title  of 
which  is,  “Guide  to  Design  Criteria 
for  Metal  Compression  Members”, 
there  is  to  be  found  a very  useful 
summary  of  the  work,  both  theoreti- 
cal and  experimental,  (complete  with 
numerous  references)  which  has  been 
done  on  this  ever-present  problem.  It 
should  be  noted,  however,  that  the 
Column  Research  Council  has  not 
proposed  any  design  compression 
formulae,  preferring  to  state  facts 
and  make  suggestions,  from  which  en- 
gineers may  derive  the  type  of  formu- 
la which  seems  best  suited  for  the 
purpose  in  hand. 

Recent  study  has  brought  to  light 
the  fact  that  in  the  familiar  H section 
used  for  most  building  columns,  resid- 
ual stresses  are  developed,  owing  to 
a difference  in  the  rate  of  cooling  of 
the  steel  towards  the  toes  of  the 
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flanges  and  the  middle  of  the  web,  as 
compared  \\  ith  the  areas  where  web 
and  flanges  meet.  Photographs  actu- 
ally show  that  the  latter  zones  are  still 
red-hot  when  the  less-protected  parts 
of  the  section  are  dark.  The  residual 
stresses  so  developed  are  by  no  means 
negligible.  (Fig.  6)  It  would  appear 
that  any  formulae,  however  elaborate, 
which  do  not  take  into  account  the 
existence  of  such  a condition  may  be 
difficult  to  justify.  It  appears  advis- 
able, therefore,  to  adopt  the  simplest 
formula  which  will  conform  with  rea- 
sonable accuracy  to  the  obseiwed  be- 
haviour of  column  sections  under 
actual  test. 

A comparison  of  the  column  formu- 
lae which  have  been  incorporated  in 
this  particular  specification,  in  suc- 
cessive editions,  may  be  of  interest. 
(Fig.  7)  In  1924  we  find  the  formu- 
la 

14.000  — l/3(L/r)-  this  being  for 
steel  with  a yield  point  around 
27,500  p.s.i.  In  1930,  we  find  that  a 
straight-line  formula  has  been 
adopted,  thus: 

17.000  — 60(L/r)  not  to  exceed 

15.000.  In  1940,  for  steel  with  the 
same  yield  point  as  our  present 
G40.4  or  A7,  the  straight-hne  formula 
became: 

20.000  — 70(L/r)  not  to  exceed 

18.000.  This  last  expression  will  be 
familiar  to  many,  since  it  was  adopted 
without  change  in  1948  and  again  in 
1954. 

The  limiting  range  through  which 
any  column  formula  may  be  applied 
is  important.  (Fig.  8)  In  1924  the 


^/r 


Fig.  8. 


upper  value  for  L/r  was  set  at  130, 
except  for  cases  where  special  permis- 
sion was  obtained.  In  1930,  the  limits 
set  were  130  for  columns  and  175  for 
other  compression  members.  In  1940 
the  slenderness  ratio  for  columns  was 
generally  not  to  exceed  150,  with  a 
limit  of  200  for  other  compression 
members.  In  1954  the  limits  are  simi- 
lar, with  this  difference,  that  for 
values  of  L/r  greater  than  150,  a 
modifying  factor  was  introduced 


Fig.  9. 


which  had  the  effect  of  deflecting  the 
original  straight  line  beyond  that  limit 
into  a flat  curve  with  a steeper  inclin- 
ation. 

Comparison  of  the  compression 
formulae  adopted  by  various  techni- 
cal bodies  in  different  countries  is 
most  readily  made  by  plotting  the 
respective  curves.  To  obtain  a true 
comparison,  such  curves  should  be 
reduced  to  the  basis  of  the  same  kind 
of  steel.  On  this  basis,  it  may  be  seen 
that  the  formula  adopted  in  1954 
rises  above  most  of  the  others  in  the 
range  of  slenderness  ratios  between, 
say,  100  and  200.  It  may  also  be 
noticed  that  part  of  the  curve  ap- 
proaches rather  closely  to  the  Euler 
buckling  curve  for  L/r  equal  to  about 
150.  Calculations  disclosed  the  dis- 
quieting fact  that  if  allowable  column 
stresses  could  automatically  be  in- 
creased in  proportion  to  the  minimum 
yield  point  of  a steel,  some  of  the 
resulting  curves  would  actually  inter- 
sect the  Euler  curve.  It  need  hardly 
be  pointed  out  that  the  position  of 
the  Euler  curve,  which  is  dependent 
on  the  modulus  of  elasticity  rather 
than  on  the  yield  point  or  tensile 
strength  of  the  material,  does  not 
change  appreciably  for  any  of  the 
structural  steels  which  we  use  to- 
day. 

The  specification  committee  spent 
much  time  widi  the  problem  of  tlie 
compression  formula,  and  if  it  \r'ere 
not  for  the  considerations  of  space 
and  time,  an  analysis  and  comparison 
of  the  \'arious  suggestions  which  were 
brought  forward  b>'  committee  mem- 
bers could  be  made,  and  would  be 
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found  of  considerable  interest.  It  was 
generally  agreed  that  what  we  may 
call  the  right-hand  part  of  the  curve 
should  he  controlled  by  the  Euler 
equation,  and  in  fact  the  outline 
adopted  has  ordinates  equal  to  ap- 
proximately one-half  those  of  the 
Euler  curve.  The  left-hand  portion 
was  to  be  a straight  line,  and  it  was 
observed  that  our  formula  of  1940, 
1948  and  1954  had  stood  the  test  of 
time,  and  did  not  seem  to  diverge 
too  widely  from  other  fonnulae  in 
that  range.  It  was  therefore  decided 
to  retain  the  expression 

20,000  — 70(L/r) 


for  the  range  up  to  our  one-half- 
Euler  eurve,  with  this  exception,  that 
the  upper  limit  of  18,000  was  dis- 
carded, allowing  the  line  to  continue 
unbroken  up  to  the  left-hand  axis. 

The  revised  compression  formula 
now  appears  thus:  (Fig.  9) 


(20,000  - 70{KL/r)) 


but  not  to  exceed 


TABLE  2 (Fig.  10) 

Minimum  Design  Values  of  Effective  Length  Factor  “K”  for  Compression  Members 

Degree  of  End  Restraint  of  Compression  Min.  Eff. 

Member  Lgth.  Factor  K Symbol 


Effectively  held  in  position  and  restrained 
against  rotation  at  both  ends.  0.65 


Effectively  held  in  position  at  both  ends, 
restrained  against  rotation  at  one  end.  0.80 


Effectively  held  in  position  at  both  ends,  but 

not  restrained  against  rotation.  1.00 


Effectively  held  in  position  and  restrained 
against  rotation  at  one  end,  and  at  the  other 
restrained  against  rotation  but  not  held  in 
position.  1.20 

Effectively  held  in  position  and  restrained 
against  rotation  at  one  end,  and  at  the  other 
partially  restrained  against  rotation  but  not 
held  in  position.  1.50 

Effectively  held  in  position  at  one  end  but  not 
restrained  against  rotation,  and  at  the  other 
end  restrained  against  rotation  but  not  held  in  2.00 

position. 

Effectively  held  in  position  and  restrained 
against  rotation  at  one  end  but  not  held  in 
position  nor  restrained  against  rotation  at 
the  other  end.  2.00 
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145,000,000 

(KL/rY 

Provision  for  the  appUcation  of  the 
formula  to  hi^-strength  structural 
steels  is  made  in  the  right-hand  part 
of  the  first  formula,  and  a brief  ex- 
amination will  show  that  the  line  for 
any  particular  steel  will  intersect  the 
left-hand  axis  at  a point  proportional 
to  its  yield  strength.  It  may  also  be 
observed  that  the  first  part  of  the 
formula  vanishes  when  70(KL/r)  is 
equal  to  20,000;  all  the  straight-line 
portions,  therefore,  converge  on  a 
common  point  on  the  horizontal  axis. 
This  renders  it  a simple  matter  to 
draw  in  the  line  for  a steel  with  any 
known  value  of  fy.  The  straight  line 
formula  now  adopted  can  be  corre- 
lated to  the  buckling  strength  about 
the  weak  axis  of  I-shaped  columns 
having  residual  compressive  stresses 


in  the  toes  of  the  flanges.  As  men- 
tioned previously,  the  formula 

145,000,000 

{KL/rf 

can  be  correlated  to  the  buckling 
strength  of  slender  columns  wherein 
the  effect  of  residual  stress  is  con- 
siderably diminished  by  virtue  of  the 
fact  that  such  columns  buckle  elas- 
tically before  the  induced  stresses 
reach  the  yield  level  at  any  point  of 
the  cross-section. 

It  is  realized  that  no  compression 
formula  can  be  regarded  as  perfect. 
That  now  presented  may  be  criti- 
cized, perhaps,  because  the  line 
which  dictates  the  permissible  stress 
for  a given  grade  of  steel  breaks  more 
or  less  sharply  at  the  point  where  the 
straight-line  portion  intersects  the 


Fig.  11 


Evolution  of  Compression  Flange  Formula  in  CSA  Specifications 


1924: 

16,000  - 150L/5 

For  “Mild”  Steel 

fy  = 27,500 

1930: 

18,000  - 170L/5 

For  “Mild”  Steel 

fy  = 30,000 

1940: 

25,000  - 333L/5 

For  “Medium”  Steel 

fy  = 33,000 

For  Rolled  Beams; 

12  X 10®  not  to  exceed 

19.54: 

Ld /bt  20,000 

For  Built-up  sections; 

25,000  — 3d3L/b  not  to 

exceed  20,000 

1961: 

For  symmetrical  I-shaped  sections; 

12  X 10®  12  X 10® 

Ld/bt  {L/bY 

whichever  is  greater  but  not 
to  exceed  0.61/?/ 


curved  portion.  It  is  to  be  remem- 
bered that  we  are  trying  to  approxi- 
mate experimental  results,  rather 
than  interpret  a purely  mathematical 
analysis,  and  in  this  connection  it  may 
be  mentioned  that  the  work  of  the 
Column  Research  Council  includes  a 
curve  with  a similar  break,  applicable 
to  buckling  of  an  H-section  about  the 
weak  axis.  It  should  also  be  pointed 
out  that  a break  at  this  point  is  hard- 
ly more  illogical  than  the  break  which 
was  displayed  by  the  previous  SI6 
column  curve  at  the  upper  limit  of 
18,000  p.s.i. 

It  wiU  be  seen  that  in  place  of  the 
old  slenderness  ratio  of  L/r,  there 
now  appears  the  ratio  KL/r.  The 
factor  K is  explained  in  that  section 
of  the  specification  which  deals  with 
Slenderness.  (Fig.  10)  It  is  used  to 
make  some  provision  for  the  effect  of 
end  conditions  in  a compression 
member.  If  the  ends  of  such  a mem- 
ber are  not  effectively  restrained 
against  rotation,  K must  be  taken  as 
not  less  than  unity.  A conservative 
value  must  be  used  where  conditions 
of  end  restraint  cannot  adequately  be 
ascertained.  The  lowest  value  peimit- 
ted  for  K is  0.65  for  a column  with 
both  ends  fully  restrained,  while  a 
cantilever  member  may  have  to  be  de- 
signed with  a value  of  K as  high  as 

2.00.  For  purposes  of  analysis  there 
is  an  appendix  in  which  the  method 
developed  by  Jackson  and  Moreland, 
and  published  by  the  Column  Re- 
search Council,  is  set  forth. 
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A problem  somewhat  similar  to  that 
! of  the  compression  member,  but  per- 
haps even  more  complex,  is  that  of 
the  compression  flange  of  a beam 
or  girder  without  lateral  support.  It 
is  a problem  which  has  been  analyzed 
by  e.xperts  and  subjected  to  laboratory 
tests,  without  being  reduced  to  any 
simple  general  solution.  Various  ex- 
pedients have  been  adopted,  from 
time  to  time.  (Fig.  11)  Perhaps  we 
may  glance  briefly  at  earlier  editions 
of  the  specification  in  this  connec- 
tion. In  1924  the  simple  straight-line 
formula  was  used: 

16,000  — 150 (L/b),  this  being  for 
“Mild  steel”; 

In  the  1930  edition  this  was  modified 
to: 


18.000  — 170(L/b), 

In  1940,  for  the  “medium  steel”  still 
in  use  to-day,  we  find: 

25.000  — 333 (L/b),  not  to  exceed 
20,000.  In  1954,  the  well-known 
fonnula 


12,000,000 

(Ld/bt) 


not  to  exceed  20,000 


was  adopted  for  rolled  sections  only, 
while  the  earlier  formula 


25,000  —333  (L/b) 

was  retained  for  plate  girders  and 
built-up  sections.  The  inclusion  of 
the  second  formula  was  in  recognition 
of  the  fact  that  the  first  is  only  valid 
for  I-shaped  sections  of  which  the 
geometrical  proportions  lie  within 
certain  limits.  However,  the  two  for- 
mulae do  not  work  well  side-by-side, 
and  in  the  latest  revision  it  was 
though  advisable  to  drop  the  old 
straight-line  formula  altogether.  There 
still  remained  the  question  of  the 
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Fig.  12. 


general  applicability  of  the  other 
formula,  and  of  the  possibility  of  find- 
ing alternatives  to  it. 

For  those  who  are  specially  inter- 
ested in  the  problem  of  the  laterally 
unsupported  beam,  the  book  pub- 
lished by  the  Column  Research  Coun- 
cil provides  a very  interesting  review 
of  the  subject,  backed  by  numerous 
references  to  the  pertinent  literature. 
Even  for  doubly-symmetrical  sections 
of  I or  Wide-Flange  shape,  subject 
to  simplified  forms  of  loading,  the 
equations  which  are  developed  for 
the  critical  stress  are  far  from  the 
type  of  formula  suitable  for  inclusion 
in  a specification.  One  equation  ap- 
pears in  three  forms,  thus:  (Fig.  12) 


CiTT^EIyGJ  , / ^ ttV 

“ &.XKL)  y {KLf 

Cnr^EIyGJ  A 
“ SAKE)  y ^ JG{KLY 

Ci^EIyh  / {KLfJG 
~ 2S.{KLf  y ^ ^ tt‘'-CwE 

(Tc  = critical  stress 
E = tension  modulus 
G = shear  modulus 
h = distance  between  flange  centroids 
J = torsion  constant 

= torsion  warping  constant 
Cl  = constant  depending  on  conditions 
of  loading  and  restraint 


Fig.  13. 
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Sx  = section  modulus  about  bending 
axis 

KL  = effective  span  length 


As  we  are  not  able,  here,  to  ex- 
amine the  make-up  of  these  formulae 
in  detail,  still  less  the  extensive  liter- 
ature on  the  subject,  it  shall  have 
to  be  sufficient  to  say  that  from  the 
first  of  the  equations  above,  certain 
simplifying  assumptions  regarding  the 
properties  of  tlie  section  enable  the 
following  equation  to  be  written: 


= 


0.69F 
Ld/bt  \ 


1 -F  1.07 


{d/tr- 

[L/by- 


b = flange  width 
d = depth  of  beam 
t = flange  thickness 
L = laterally  unsupported  span 

w’hile  from  the  third  equation  the 
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follo\\'ing  is  derived: 


0.71E 

(L/by- 


/j/  1 + 0.93 


{L/by 

{(i/ty 


It  is  worth  noting,  at  this  point,  that 
the  latter  equations  apply  to  the 
simple  beam  with  no  bending  or 
wai-ping  restraint  at  the  ends  and 
with  loads  applied  by  end  couples 
that  cause  uniform  elastic  bending 
throughout.  This  is,  admittedly,  only 
a rough  approximation  to  the  condi- 
tion of  the  usual  type  of  building 
member.  The  two  equations  just  given 
have  been  further  simpHfied  to  obtain 
two  “working”  formulae,  given  be- 
low: (Fig.  13) 


12,000,000  12,000,000 

' ~ Ld/ht  {L/by 

(whichever  i.s  greatest)  but 

not  to  exceed  0.61  fy. 

These  formulae  are  given  as  alter- 
natives in  the  revised  specification.  In 
the  majority  of  cases,  the  first  will 
govern,  but  in  the  case  of  a beam  or 
girder  in  which  L/b  is  less  than  d/t, 
the  second  may  be  applied. 

Of  the  formulae  now  given  in  the 
specification,  it  may  be  said  that  they 
provide  the  most  effective  means 
found,  up  to  the  present,  of  dealing 
with  the  most  commonly  used  type  of 
section  in  building  work,  the  I-shaped 
section.  Much  thought  was  given  to 
the  possibility  of  providing  data  ap- 
plicable to  unsymmetrical  sections,  or 
to  box-shaped  sections.  It  was  reluc- 
tantly decided  that  it  would  not  be 
practical  to  condense  into  suitable 
form  such  design  information  as  may 
now  be  available.  It  is  to  other 
sources,  such  as  the  Column  Research 


Fig.  15.  Maximum  width-thickness  ratios 
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Council  “Guide”,  that  we  must  refer 
the  structural  designer  who  finds  it 
necessary  to  use  a type  of  section  not 
covered  by  the  revised  edition  of  SI 6. 

There  have  been  other  changes  in 
unit  stresses,  besides  those  relating  to 
compression  members  and  compres- 
sion flanges.  In  March,  1960,  a new 
specification  for  “Structural  Joints 
Using  A325  Bolts”  was  published  with 
the  approval  of  the  Research  Council 
on  Riveted  and  Bolted  Shuctural 
Joints.  As  copies  of  this  specification, 
and  of  the  commentary  published 
with  it,  have  been  circulated  by  the 
bolt  manufacturers  and  others,  it  is 
not  necessary  to  dwell  on  it  at  great 
length.  The  design  of  high  strength 
bolted  joints  which  now  forms  the 
closing  section  of  S16  embodies  the 


for  projecting  elements  under  compression 
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new  data.  Similarly,  where  such  bolts  ! 
are  mentioned  in  the  section  on  unit  bi 
stresses,  the  new  values  are  given.  It  1 
may  briefly  be  stated,  that  if  high- 
strength  bolts  are  used  in  a “friction-  ' 
type”  shear  connection,  the  bolt  value  ; 
remains  the  same  as  a rivet  of  the  j 
same  size;  but  if  the  connection  is  : 
what  is  called  the  “bearing  type”,  in  j 
which  a very  small  one-time  move-  j 
ment  of  the  connected  parts  is  not  i ■ 
objectionable,  the  shear  stress  in  the  j3 
bolt  may  be  increased  to  22,000  p.s.i.  1; 
on  the  unthreaded  shank.  This  is  a b 
rather  important  advance,  leading  to  , ' 
economy  in  the  size  of  connections.  It  j 
may  also  be  pointed  out  that  a tensile  | 
value  for  high-strength  bolts  is  now  I 
given,  which,  being  based  on  the  i 
actual  proof  strength  of  the  bolt  is  for  ! 
convenience  referred  to  the  nominal  ! 
rather  than  the  net  area  of  the  bolt.  ! 

The  formula  for  shear  stress  in  the  | 
webs  of  beams  and  girders  now  ap-  j 
pears  in  the  form:  (Fig.  14) 


64,000,000 

(h/ty  ' 


not  to  exceed  O.dO/y, 


for  unstiffened  webs.  No  limit  is  speci- 
fied for  the  h/t  ratio. 

An  important  change  has  been 
made  in  permissible  bearing  stresses. 
The  distinctions  between  single-shear 
and  double-shear  conditions,  as  far  as 
bearing  values  are  concerned,  have 
been  dropped,  and  the  one  value  now 
given  has  been  raised  to  45,000  p.s.i. 
(for  a steel  with  a yield  strength  of 
33,000  p.s.i.).  This  is  in  consequence 
of  experimental  data  which  have  be- 
come available  from  tests  of  joints 
with  rivets  and  high-strength  bolts. 

With  increased  unit  stresses  in 
bearing,  and  higher  values  for  high- 
strength  bolts,  a word  of  warning  is 
necessary  with  regard  to  the  amount 


i 
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of  metal  left  at  the  end  of  a tension 
member,  or  at  the  edge  of  a gusset, 
ilf  there  are  only  one  or  two  rix’ets  or 
high-strength  bolts  in  a eonnection, 
;and  if  these  fasteners  carr\’  the  high- 
er stresses  now  permitted,  the  dis- 
tance between  the  end  fastener  and 
the  end  of  the  steel  must  be  propor- 
tioned accordingly;  a distance  of  one 
and  one-half  times  the  fastener  dia- 
meter may  no  longer  be  sufficient  to 
pre\’ent  tearing  out  at  the  end.  In  a 
later  clause,  (21.6),  a new  requirement 
is  established  for  the  end  distance. 

In  the  section  which  governs  the 
thickness  of  material,  some  adjust- 
ment has  been  necessary  to  control 
: the  use  of  different  steels  subject 
to  compressive  stresses. The  result  ob- 
tained may  at  first  sight  seem  strange; 

, the  higher  the  yield  point  of  the 
steel,  the  greater  the  thickness  which 
' must  be  used  to  give  stability  to  a 
gi\'en  width  of  member.  The  reason- 
ing behind  such  a requirement  is  that 
j material  with  a higher  yield  point  is 
' usually  designed  at  a higher  working 
; stress,  but  will  still  buckle  locally 
at  a stress  dictated  by  its  elastic  mod- 
: ulus.  The  tendency  to  buckle  must 
be  reduced  by  altering  the  geometric- 
al proportions  of  the  piece,  if  it  is 
to  carry  the  higher  stress  safely. 

The  manner  in  which  some  specifi- 
cations seek  to  guard  against  buckling, 
could  conceivably  penalize  a high- 
strength  steel  unnecessarily;  the 
material  could  be  stressed  at  some- 
thing less  than  its  capacity,  and  yet 
have  to  be  made  up  to  the  full  thick- 
ness based  on  that  capacity.  In  the 
case  of  projecting  elements  under 
compression,  (Fig.  15)  such  as  the 
leg  of  an  angle,  allowance  may  be 
made  for  an  understressed  element 
by  making  a fictitious  deduction  from 
the  width,  instead  of  increasing  the 
thickness.  In  the  case  of  a web  or 
cover  plate,  (Fig.  16)  the  device  has 
been  adopted  of  applying  a factor 
based  on  the  ratio  between  the  maxi- 
mum allowable  stress  for  the  element, 
and  the  actual  calculated  stress  in  it. 

Perhaps  it  would  be  well,  at  this 
point,  to  deal  with  some  confusion 
which  used  to  occur  in  the  interpre- 
tation of  clauses  15.3  and  21.2  in  the 
fourth  edition  of  S16.  The  corres- 
ponding clauses  in  the  revised  speci- 
fication are  15.3.1  and  15.3.2,  and 
21.2.3.  The  first  clauses  appeared  to 
limit  the  thickness  of  an  unstiffened 
I^late  in  compression  to  40  times  the 
thickness,  while  the  second  seemed 
to  give  the  same  limiting  ratio  as  32. 
Actually,  clause  21.2  was  concerned 
with  the  crosswise  spacing  of  stitch 
fasteners  in  any  unstiffened  element 
consisting  of  more  than  one  ply.  The 
W'ording  of  both  has  been  changed 
in  order  to  make  the  intention  dearer. 


In  clauses  18.8.1  and  18.8.2  minor 
changes  have  been  made  for  an  in- 
teresting reason.  The  term  “full-milled 
bearing”  has  become  “full-bearing”. 
Some  fabricating  plants  are  now 
equipped  with  a type  of  saw  which 
leaves  a surface  comparable  with  that 
previously  obtainable  only  by  milling, 
and  it  is  felt  that  such  technical  ad- 
vances should  be  recognized  at  their 
full  value.  At  the  same  time,  refer- 
ence to  clauses  29.8.2  and  29.8.3 
will  disclose  that  more  explicit  infor- 
mation is  now  given  as  to  the  quality 
of  workmanship  requir'ed  in  surfaces 
which  are  to  bear.  These  changes  are 
typical  of  the  manner  in  which  the 
specification  has  had  to  be  revised  in 
order  to  keep  abreast  of  new  tech- 
niques and  to  define  more  completely 
certain  items  which  bad  hitherto 
been  treated  in  general  terms. 

The  clause  regarding  the  propor- 
tioning of  beams  and  girders,  22.1, 
has  been  repeated  from  the  fourth 
edition,  which  in  turn  obtained  it 
from  the  AISC  specifications.  The 
permission  given  here  to  use  the  full 
gross  section  of  a flange,  provided 
that  rivet  holes  do  not  constitute  more 
than  15%  of  the  area,  has  been  criti- 
cized from  time  to  time,  more  recent- 
ly on  the  grounds  that  it  discriminates 
against  the  use  of  high-strength  bolts 
in  place  of  rivets.  The  original  inspir- 
ation of  the  clause  was,  presumably, 
the  idea  that  compression  is  trans- 
mitted through  ch'iven  rivets,  whereas 
it  could  not  pass  through  bolts,  since 
the  latter  do  not  fiU  the  holes.  It 
must  be  admitted  that  research  on 
riveted  and  bolted  joints  gives  some 
ground  for  questioning  both  of  these 
assumptions,  and  at  some  later  date 
this  clause  may  have  to  be  re- 
examined. 

In  the  case  of  a plate  girder  with 


intermediate  stiffeners  on  one  side 
of  the  web  only,  it  is  now  required 
that  there  be  some  positive  attach- 
ment of  the  stiffeners  to  the  outstand- 
ing leg  of  the  compression  flange. 
This  requirement,  which  is  to  be 
found  also  in  the  AASHO  specifica- 
tion for  highway  bridges,  is  intended 
to  prevent  possible  failure  of  the 
compression  flange  by  twisting. 

Although  it  was  recognized  that 
laced,  battened  and  perforated  plated 
members  play  a lesser  role  in  build- 
ing construction  than  in  bridge  work, 
the  committee  as  a whole  felt  that 
the  requirements  governing  the  de- 
sign of  these  components  should  be 
tabled  in  more  detail  than  has  been 
done  up  to  the  present.  In  the  part 
of  the  specification  which  deals  with 
lacing  systems,  battens  and  perforated 
plates,  it  will  be  found,  that  batten 
plates  are  allowed  to  play  a more 
important  part,  and  that  the  informa- 
tion on  perforated  plates  has  been 
amplified.  Battens,  which  had  hitherto 
been  regulated  to  a minor  role,  have 
been  used  in  major  compression  and 
tension  members  in  Britain  and  in 
Europe  for  years,  since  maintenance 
problems  can  be  reduced  when  bat- 
tens are  used  instead  of  lacing.  The 
new  material  on  the  use  of  battens 
has  been  drawn  largely  from  the  Brit- 
ish Standard  449 — 1959. 

Some  of  the  popular  bridge  speci- 
fications, such  as  those  published  by 
AASHO  and  AREA,  contain  de- 
tailed regulations  for  the  design  and 
detail  of  perforated  plates,  and  the 
subject  has  also  received  the  atten- 
tion of  the  Column  Research  Council. 
Attention  may  be  drawn  to  one  item 
which  might  be  overlooked,  — 
that  which  requires  the  minimum 
width  of  the  perforation  to  be  not 
less  than  8 in.  This,  in  turn,  requires 


Fig.  16.  Maximum  width-thickness  ratios  for  web,  cover  or  diaphragm  plates  for 
compression  members 


FOR  UNSTIFFENED  PLATES,  EFFECTIVE; 

Where 
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fx 

■fa  = allowable  unit 
stress  tor 

-fy  = 33,OOOpsi 

and  fx  = calculated  unit  stress  in 
the  plate 

For  60R  > (w  t)  > 40R  plates  moy 
be  unstiffened  if  only  (w  t)  = 40R 
is  considered  effective.  Otherwise, 
elements  must  be  stiffened  trans- 
versely at  intervals  not  greater 
than  (60R)  times  the  thickness, 
where 
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the  width  of  the  plate  to  be  not  less 
than  16  in.  In  case  this  may  seem 
unduly  restrictive,  it  must  be  empha- 
sized that  there  is  a tendency  for 
some  designers  to  use  perforated 
plates  on  structures  of  which  the 
scale  is  really  too  small  to  be  suitable 
for  such  a detail.  There  is  a certain 
minimum  hole  through  which  the 
workman  can  reach  to  execute  rivet- 
ing or  bolting  efficiently,  and  of 
course  there  is  a minimum  size  for 
any  box-type  member  below  which 
the  ordinary  tools  of  fabrication  and 
erection  cannot  be  used  correctly. 

The  section  of  the  specification  cov- 
ering open-web  steel  joists  has  been 
re-written.  As  has  been  pointed  out 
in  the  preface,  this  type  of  member, 
w‘hich  was  originally  a substitute  in 
steel  for  the  ordinary  wooden  joist, 
has  become  much  more  ambitious  in 
its  application.  Serious  thought  was 
given  to  the  possibility  of  dropping 
the  term  “joist”  altogether,  and  re- 
ferring instead  to  “standardized 
trusses”.  It  will  be  found  that  no  dis- 
tinction is  made  between  so-called 
“shortspan”  and  “longspan”  joists.  At 
one  time  it  may  have  been  possible 
to  distinguish  between  them  on 
grounds  of  method  of  manufacture, 
with  the  “shortspan”  product  being 
made  from  special  sections,  often 
with  the  aid  of  semi-automatic  equip- 
ment, and  the  “longspan”  joist  being 
merely  a welded  truss  built  of  stand- 
ard angles,  bars  and  plates.  These 
distinctions  can  no  longer  be  main- 
tained, since  from  some  plants  there 
come  joists  of  all  lengths,  made  of 
uniform  types  of  sections  and  as- 
sembled by  uniform  methods. 

There  remains  one  distinction  in 
joist  design,  based  on  the  size  of  the 
joist.  Where  the  panel  length  does  not 
exceed  24  in.,  bending  stresses  due 
to  a uniformly  distributed  load  may 
be  neglected  in  designing  the  top 
chord.  This  is  one  detail  in  which 
S16  differs  from  the  specifications  of 
the  Steel  Joist  Institute  (U.S.A.),  of 
which  there  is  no  Canadian  counter- 
part; the  SJI  1961  Specification  al- 
lows this  simplification  for  panels  up 
to  27  in.  long.  It  is  a consideration 
which  had  its  origin,  apparently,  in 
the  days  when  the  top  chord  of  a 
joist  supported  a pomred  concrete  slab 
or  a wood  deck  in  which  latter  case  a 
wood  nailer  was  fastened  to  the  top 
chord.  With  the  common  use  of  metal 
deck  to-day,  the  distribution  of  the 
load  may  be  through  bending  in  the 
top  chord  itself.  However,  within  the 
24  in.  limit,  the  bending  stresses  are 
not  likely  to  exceed  the  capacity  of  the 
member  at  the  stresses  now  allowed, 
especially  where  the  span-to-depth 
ratio  exceeds  15  or  so.  Short  deep 
joists  having  top  chords  relatively 


weak  in  bending  are  a possible  ex- 
ception. Where  these  are  used  with 
flexible  decking  consideration  should 
perhaps  be  given  to  the  effect  of 
combined  axial  and  bending  stresses 
on  the  capacity  of  the  top  chord. 

With  the  removal  of  distinctions 
between  shortspan  and  longspan 
joists,  the  arbitrary  hmitation  of  joist 
spacing  to  30  in.  maximum  has  also 
been  dropped.  If  one  considers  a 
joist  as  a form  of  truss,  rather  than 
some  special  type  of  member,  this 
approach  seems  more  consistent. 

With  joists  larger  than  before,  and 
spaced  further  apart,  there  has  been 
some  change  in  the  thinking  regard- 
ing the  function  and  design  of  bridg- 
ing. Originally  the  main  function  of 
bridging  was  supposed  to  be  the  dis- 
tribution of  loads  laterally  from  joist 
to  joist.  It  was  then  found  that  an 
important  role  played  by  the  bridging 
was  that  of  preventing  the  failure  of 
joists  by  lateral  buckling  prior  to  the 
installation  of  the  floor  or  roof.  The 
latter  is  now  regarded  as  its  most 
important  duty,  and  we  find  instances 
in  w'hich,  for  architectural  reasons, 
bridging  has  actually  been  removed 
after  completion  of  the  deck.  There 
are  still  types  of  construction,  how- 
ever, in  w'hich  bridging  may  assist  in 
the  distribution  of  the  load  and  the 
general  stiffening  of  the  floor,  and 
certain  clauses  in  S16  are  worded  ac- 
cordingly. 

It  should  be  noted  here,  that  a 
joist  is  intended  as  a simple-span 
member.  It  may  be  regarded  as  pro- 
viding lateral  support  for  the  top 
flange  of  the  beam  on  which  it  rests, 
provided  it  be  adequately  connected 
for  the  purpose.  It  is  not  primarily  in- 
tended to  develop  any  fixed  end  mo- 
ments, or  to  act  as  a strut,  or  as  the 
anchor  arm  of  a cantilever  bracket. 
Yet  joists  have  been  used  in  these 
various  ways  in  buildings.  Such  an 
extension  of  their  application  is  quite 
legitimate,  provided  that  they  are 
properly  designed  for  it.  However, 
there  is  no  permission  to  extend  the 
design  requirements,  (based  on  the 
assumption  of  simple  span,  uniform 
loading)  to  special  cases,  without 
proper  investigation.  It  may  happen, 
for  example,  that  the  chord  sections 
may  be  extended  beyond  the  normal 
end  of  a joist  to  act  as  a cantilever, 
and  that  the  projecting  portion  may 
be  investigated  while  the  effect  on  the 
first  panels  of  the  joist  may  be  ig- 
nored. Yet  an  engineer  or  architect 
would  never  design  an  ordinary  truss 
in  such  a manner.  Let  it  be  emphas- 
ized, therefore,  that  a joist  is  subject 
to  all  the  requirements  of  properly  en- 
gineered design  when  it  is  intended 
to  perform  functions  in  addition  to 
those  for  which  it  is  normally  used. 


The  next  part  of  the  specification  j 
to  be  considered  is  the  new  section  j 
on  Plastic  Design.  This  design  meth-  j 
od,  applied  to  a fixed-end  beam  or  a 1 
continuous  beam,  is  comparatively 
simple.  (It  is  of  interest  to  note  that  ; 
there  was  already  provision  in  the  ; 
1954  specification  for  the  adoption  of 
higher  unit  stresses  at  the  points  where  i 
negative  moments  occur  in  such 
members;  reference  may  be  made,  in  I 
the  new  edition,  to  clause  12.4.2.)  In  ; 
single  or  multiple  portal  frames,  the  1 
plastic  method  requires  more  study,  j 
but  may  still  be  found  simpler  than  j 
the  method  of  elastic  analysis,  particu-  j 
larly  if  the  latter  has  to  start  from  first  i 
principles.  It  is  certainly  more  rational  \ 
for  the  majority  of  such  structures.  i 
Acknowledgment  is  due  to  the  j 
American  Institute  of  Steel  Construe-  i 
tion  for  much  of  the  material  to  be  j 
found  in  section  33  of  S16  (Plastic 
Design  and  Fabrication).  The  rules 
given  are  intended  to  act  as  a safe-  ■ 
guard  in  plaStic  design,  to  remind  ! 
the  designer  of  the  more  important  ; 
aspects  of  his  work.  As  in  the  field 
of  elastic  design,  it  is  assumed  that 
the  user  of  the  specification  is  suffici-  ! 
ently  well-versed  in  the  principles  of 
plastic  design  to  interpret  the  require-  i 
ments  correctly.  In  time,  no  doubt 
modifications  to  some  of  the  rules  will  1 
be  made  as  the  number  of  plastically  ' 
designed  structures  increases  and  ad-  | 
ditional  research  adds  new  knowl-  | 
edge.  j 

It  will  be  noted  that  for  the  pres-  i 
ent,  it  is  not  contemplated  that  multi-  ' 
Storey  buildings  will  be  completely  ! 
designed  on  the  principles  of  plastic  I 
design;  below  the  top  two  storeys  it  j 
is  required  that  the  columns  be  de-  | 
signed  according  to  conventional  i 

methods.  Floor  members  may  be  de-  j 
signed  plastically  in  buildings  of  any  : 
number  of  storeys.  ; 

This  commentary  has  been  pre-  ' 

sented  with  the  hope  that  it  may 
provide  a useful  back-ground  to  the 
latest  edition  of  CSA  S16  and  may  ; 
also,  perhaps,  answer  some  of  the  j 
questions  which  may  arise.  A com-  i 
parison  with  previous  editions  will  j 

show  that  technological  advances  are 
reflected  in  the  various  revisions  and  j 
additions.  It  will  also  be  observed  i 
that  there  are  still  areas  in  which  | 
further  study  of  existing  data,  and  [ 
possibly  further  research,  are  needed 
before  the  work  of  preparing  and  i 
presenting  complete  guidance  for  the  j 
designer  can  be  considered  accom- 
plished. In  the  specification  there  is 
a note  saying  that  “suggestions  for 
improvement  . . . will  be  welcomed  ; i 
at  all  times”.  The  work  of  writing  a 
specification  is  never  really  finished,  , 
and  the  door  is  always  open  to  justi-  ; 
fied  revisions. 
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ENGINEERED  RUBBER  AND  PLASTIC 
PRODUCTS  FOR  EVERY  INDUSTRY 


Heat,  whether  from  environment  or  from 
materials  in  flow,  causes  piping  systems 
to  expand  and  contract  continually.  The 
stresses  thus  created  often  cause  costly 
damage  and  down-time  by  buckling  the 
piping  or  pulling  the  fittings  apart.  Domi- 
nion Rubber  Expansion  Joints  compensate 
for  expansion  and  contraction  — by  ^breath- 
ing\ 


ment,  while  noise  sours  working  condi- 
tions. Dominion  Rubber  Expansion  Joints 
absorb  vibration  and  deaden  noise. 

Wear,  load  stresses,  and  settling  of  build- 
ings, often  move  piping  and  equipment  out 
of  alignment.  Dominion  Rubber  Expansion 
Joints  effectively  handle  most  misalignment 
problems. 


Pumps,  compressors,  and  similar  pulsating 
equipment,  can’t  help  but  produce  vibra- 
tion and  noise.  And  the  trouble  is:  vibra- 
tion cuts  the  life  and  efficiency  of  equip- 

MA-701 


So  for  complete  information,  and  many 
case  histories  of  better  than  30  years  of 
yoeman’s  service,  please  contact  Dominion 
Rubber  Company  Limited. 


Dominion  Rubber 
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Discussions  of  the  basic  re- 
quirements for  the  education  of 
an  engineer  always  lead  to  contro- 
versy. They  will  continue  to  do  so 
just  as  long  as  educators  search  for 
a complete  and  unique  solution  to 
their  problems.  This  paper  is  written 
primarily  as  an  argument  against  the 
unique  solution;  against  attempts  to 
put  .student  engineers  into  a pro- 
duction line  and  to  sacrifice  the  real 
purpose  of  engineering  education  in 
favour  of  standardization  and  ad- 
ministrative simplicity. 

Our  problem,  briefly,  is  this:  We 
try,  in  our  various  ways,  to  meet  a 
number  of  stringent  requirements  in 
planning  our  engineering  courses.  We 
seek  first  of  all  to  produce  the  ‘com- 
plete’ engineer  who  will  be  able  to 
practise  his  profession  in  the  broadest 
sense  of  Tredgold’s  definition.  At  the 
same  time,  we  attempt  to  teach  an 
individual  branch  of  our  subject  to  a 
depth  which  appears  necessary  to 
meet  the  challenge  of  the  chain  re- 
action of  discovery  which  is  going  on 
around  us.  We  yield  (sometimes)  to 
the  criticism  of  a small  but  vocal 
band  of  humanists  whose  limited 
knowledge — or  proud  ignorance — of 
science  leads  them  to  deplore  in 
scientists  that  lack  of  balance  which 
is  so  evident  in  themselves.  We  some- 
times react,  to  our  own  discredit,  by 
seeing  this  fault  in  humanists  as  a 
whole,  thereby  widening  a gulf  which 
exists  only  in  the  imagination  of  a 


few.  And  finally,  we  feel  that  we  have 
an  obligation  to  society  to  economize 
in  the  time  spent  in  education,  so 
that  our  graduates  will  go  into  pro- 
duction as  early  as  possible.  Few  in- 
dustries could  iremain  in  a competitive 
market  under  such  restrictions. 

There  are,  of  course,  in  any  aca- 
demic body,  a few  students  who  are 
able  to  absorb  in  a limited  time  the 
contents  of  a broad  and  intensive 
curriculum  and  at  the  same  time  to 
follow  other  cultural  interests  with 
considerable  success.  Such  students 
deserve  whatever  guidance  and  in- 
spiration the  university  can  give  them 
and  should  never  be  allowed  to  lan- 
guish for  lack  of  challenge.  But  unless 
admission  is  limited  to  this  kind  of 
student  (and  there  are  not  many  in- 
stitutions where  it  is),  the  problem 
still  remains  of  dealing  adequately 
with  the  less  brilliant  but  more 
numerous  students  who  often  even- 
tually make  the  most  important  con- 
tributions to  engineering  and  to  the 
world  which  engineering  serves.  In 
striving  to  meet  the  needs  of  these 
latter  students,  we  run  a serious  risk 
of  neglecting  the  former.  We  need 
separate  courses  for  each,  with  a 
limited  amount  of  interchange  be- 
tween them.  Each  course  would,  in 
itself,  be  full  and  exacting,  but  when 
we  try  and  meet  the  requirements  of 
both  in  a single  course  we  are  un- 
likely to  succeed  in  either. 

In  short,  we  are  trying  to  pour  a 


quart  of  education  into  a pint  pot; 
we  look  on  the  pint  pot  as  immutable,  ^' 
but  not  the  quart;  at  the  back  of  our  ftf 
minds  is  the  nagging  fear  that  the  );,: 
quart  may  one  day  become  a gallon.1V  ! 

There  is  no  complete  solution  toll; 
this  problem.  There  never  will  be  afl' 
complete  solution,  since  the  require- 
ments  of  engineering  education  are 
subject  to  rapid  and  impulsive  change. 
There  are,  however,  a number  of  . y 
partial  solutions,  none  of  which  is 
complete  in  itself,  but  which  together 
could  form  the  basis  of  a satisfactory 
national  matrix  of  educational  meth-  'j« 
ods.  If  we  all  try  to  reach  agreement  fà 
on  all  our  methods  and  put  them  into  ^ 
uniform  practice,  then  we  shall  not 
only  fail,  but  we  shall  all  fall  short  A 
in  the  same  way.  It  is  surely  better-^', 
for  us  to  profit  from  each  other’s  iU 
experience,  but  to  insist  on  the  free-  ';|j' 
dom  to  mould  our  own  courses  to  A' 
meet  what  we  believe  to  be  the  need. 
Let  us  have  uniformity  where  the  V' 
need  for-  it  is  apparent,  but  let  us  not  ÿ 
have  it  for  its  own  sake.  In  particular, 
let  us  avoid  the  kind  of  ‘accreditation’  J):' 
which  leads  to  egalitarianism  and'tl; 
finally  stagnation.  There  are  certain  S'- 
essentials  which  must  be  considered 
in  our  courses;  we  must  obviously  ^ 
have  a reasonable  standard  of  ad-  ÿ: 
mission  and  we  need  a basic  struc- 
tore,  a skeleton  to  support  and  give  % 
form  to  our  educational  methods,  but  f-i 
the  finished  product  need  not  be  cast 
in  a uniform  mould.  9 

THE  ENGINEERIMG  JOURNAL  |j|  JUNE,  19629 


102 


y 


! Admission  to  Universities 

Our  starting  point  is  the  entrance 
qualification  to  onr  courses.  Few 
would  disagree  that,  up  to  this  point, 
the  emphasis  should  be  on  breadth 
of  education,  and  engineering  courses 
are  usually  planned  on  the  under- 
standing that  freshmen  can  at  least 
write  intelligibly  in  their  native 
tongue  and  preferably  in  one  or  more 
besides.  They  might  be  expected  to 
have  a reasionable  competency  in 
elementary  mathematics,  and  some 
acquaintance  with  physics  and  chem- 
istry, the  basic  sciences  of  their  future 
profession.  A knowledge  of  literature, 
of  the  history  of  the  earth  and  its 
people,  and  some  interest  in  the 
creative  arts  are  all  desirable,  but 
whether  these  should  be  regarded  as 
prerequisite  is  debatable.  Individuals 
\'ary  in  the  balance  of  their  maturity, 
and  though  some  have  the  natural 
ability  while  young  to  form  mental 
images  and  have  a memory  for  people, 
facts  and  events,  others  acquire  these 
abilities  at  a later  stage — possibly 
some  years  after  graduation — and 
sometimes  to  a very  high  degree.  It 
often  needs  the  influence  of  employ- 
ment or  travel  to  stimulate  a student 
of  inanimate  things  to  a contemplation 
of  people  and  the  human  mind.  To 
force  this  contemplation  on  him 
prematurely  may  delay  or  even  pre- 
vent his  full  development. 

Another  debatable  point  is  the 
extent  to  w'hich  the  generality  and 
breadth  of  courses  prior  to  matricula- 
tion should  be  sacrificed  in  favour 
of  more  specialized  study  in  mathe- 
matics and  the  physical  sciences. 
Undoubtedly,  the  student  who  takes 
kindly  to  these  scientific  disciplines 
can  enter  the  university  with  a flying 
start  if  his  high  school  program 
enables  him  to  concentrate  on  them, 
to  the  possible  detriment  of  his  other 
studies.  But  on  the  other  hand,  the 
understanding  of  physics  and  chemis- 
try is  made  very  much  easier  by  a 
more  advanced  knowledge  of  mathe- 
matics, which  is  seldom  attained 
until  the  first,  or  even  second,  year 
of  a university  course.  More  sophisti- 
cated methods  of  teaching  then  be- 
come available,  and  it  is  possible  that 
for  many  students,  the  teaching  of 
science  at  high  school  level  can  be 
very  inefficient,  however  competent 
the  teacher.  The  time  could  perhaps 
be  better  used  in  more  general  studies, 
leaving  the  real  effort  in  science  to 
1)0  made  at  a more  advanced  level 
of  mathematical  knowledge.  One 
could,  of  course,  take  tliis  argument 
to  the  extreme  and  assert  that  a 
knowledge  of  relativity  and  quantum 
mechanics  .should  bo  a jnercqnisite 
to  the  teaching  of  ])hysics  and  chem- 


istry generally.  What  is  needed  at 
high  school  level  is  a fine  balance 
in  the  teaching  of  mathematics  and 
science,  and  an  appreciation  of  the 
wide  range  of  human  capabilities. 

If  there  is  a lesson  to  be  learned 
from  these  considerations,  it  is  that 
dogmatic  adherence  to  rigid  entrance 
qualifications  is  undesirable.  There  is 
room  in  a university  for  students  with 
an  unevenly  balanced  state  of  mental 
maturity  at  the  time  of  entry,  and 
their  exclusion  on  the  basis  of  inability 
to  speak  French  or  to  apply  Newton’s 
laws  of  motion  may  well  eliminate 
some  of  the  best  human  material.  This 
is  not  a plea  for  admission  of  the 
mediocre;  on  the  contrary,  more 
flexibility  in  our  entrance  require- 
ments will  enable  us  to  set  more 
exacting  standards.  Present  failure 
rates  suggest  that  this  should,  in  any 
case,  be  done. 

The  University  Curriculum 

Coming  now  to  university  training, 
one  cannot  help  feeling  that  the 
freshman,  seeing  the  engineering  cur- 
riculum for  the  first  time,  must  regard 
it  as  a maze,  from  which  he  hopes 
to  emerge  within  a finite  time  without 
blundering  into  too  many  blind  alleys. 
The  curriculum,  is  sufficient  in  itself 
to  obscure  the  purpose  of  an  en- 
gineering education.  The  reason  for 
this  lies  partly  in  the  adherence  to 
academic  traditions  and  catchwoirds 
for  their  own  sake.  How  many  en- 
gineering professors  have  introduced 
a course  in  drafting  with  the  remark 
that  ‘drawing  is  the  engineer’s  lan- 
guage’? The  statement  was  fairly  true 
25  years  ago;  it  is  true  only  for  a 
limited  proportion  nf  engineers  today 
and  even  they,  in  10  years’  time,  are 
likely  to  talk  more  through  magnetic 
or  punched  tape  than  through  draw- 
ings. This  is  not  an  argument  for  the 
elimination  of  drafting  instruction.  It 
is  simply  a suggestion  that  drafting 
could  be  put  to  better  purposes  than 
it  is  at  present.  Pictorial  representation 
will  never  be  displaced  as  a basic 
need  in  design;  however,  it  should 
no  longer  be  used  as  a means  of 
transmitting  detailed  information  that 
can  be  found  in  handbooks  and 
similar  publications  and  conveyed  in 
codified  fonn  without  having  recourse 
to  drawings. 

Changes  in  university  curricula  can 
seldom  be  introduced  quickly.  There 
is  usually  a time-constant  of  several 
years,  which  serves  a useful  purpose 
in  assuring  a degree  of  stability  and 
reaction  against  the  pressures  for 
cliangc  which  are  present  in  an>'  live 
nni\'crsity.  It  is  rarely  possible  or 
desirable  to  make  sudden  sweeping 
change's  in  enrricnla.  ’fhe  introduc- 


tion of  change  requires  a degree  of 
opportunism,  and,  especially  in  the 
large  or  well-established  engineering 
schools,  courses  are  improved  by  a 
process  of  evolution  rather  than 
drastic  surgery. 

This  is,  of  course,  a safeguard  to 
students  against  the  zeal  of  well- 
intentioned,  but  sometimes  too  en- 
thusiastic faculty  members.  However, 
it  is  an  obstacle  to  progress,  and 
there  is  a serious  risk  that  the  pace 
of  modern  engineering  may  be  too 
fast  for  the  ponderous  tread  of  the 
universities.  The  community  looks  to 
the  universities  for  stability  in  a time 
of  change  and  uncertainty,  and  there 
is  much  to  commend  this  way  of 
thought.  But  the  university’s  main 
task  is  to  lead  and  not  to  follow, 
and  leadership  demands  imagination, 
enterprise  and  experiment,  as  well  as 
stability. 

The  big  problem  facing  all  en- 
gineering schools  then  is  to  reconcile 
the  need  for  progress  and  change 
with  the  desire  for  stability  and  solid 
foundations.  This  task  is  urgent,  and 
the  first  step  in  tackling  it  is  to 
examine  the  difficulties. 

The  Early  Stages  of  the  Course 

Some  of  these  difficulties  are  of 
our  'own  making.  We  have  tended  in 
the  past  to  put  ourselves  in  an  in- 
tellectual strait  jacket,  following 
traditions  which  are  old,  but  not 
necessarily  sound.  This  is  most  marked 
in  the  earlier  parts  of  a course.  A 
particular  case  is  the  insistence  nn  a 
uniform  course  for  all  engineering 
students  up  to  the  second,  or  even 
third,  year  of  a four-year  course.  Few 
would  dispute  the  need  for  generality, 
but  this  should  not  be  confused  with 
uniformity.  There  are  many  discip- 
lines, both  scientific  and  otherwise, 
which  would  be  of  undoubted  value 
in  the  education  of  an  engineer.  For 
obvious  reasons  they  cannot  all  be 
included,  and  a choice  must  be  made. 
This  is  not  a simple  problem.  It  is 
not  easy  to  determine,  for  example, 
whether  a student  will  profit  more 
from  geology  than  history  as  a com- 
ponent of  a first  or  second  year 
course.  It  is  certain,  however,  that 
the  answer  is  not  the  same  for  all 
students.  It  is  all  too  easy  to  evade 
the  problem  by  prescribing  one  or 
the  other,  bnt  it  does  not  solve  the 
problem.  A university  worthy  of  tlie 
name  must  not  sell  its  intellectual 
clothing  off-the-peg;  a student  is  en- 
titled to  wear  a tailor-made  gown. 

The  above  argnments  are  fnll\- 
applicable  lonh'  to  the  earl\-  >ears  of 
the  course;  the\'  concern  the  later 
years  in  a different  wa\ , which  will 
be  discussed  later.  'rhe>'  leatl.  then, 
to  tlu'  suggestion  that  the  first  part 
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of  an  engineering  course  should  pro- 
vide a great  deal  more  flexibility  than 
is  usual  at  present;  an  obvious  corol- 
lary is  the  need  for  an  enlightened 
counselling  service,  in  which  faculty 
members  might  be  expected  to  take 
an  active  part.  This  is,  indeed,  already 
available  in  many  universities,  but  it 
must  be  sufficiently  vigorous  and 
imaginative  to  retain  the  respect  of 
the  students. 

Another  debatable  point  is  the 
need,  if  it  really  exists,  for  a crowded 
curriculum  in  the  early  years  in  an 
engineering  school.  It  has  been  justly 
pointed  out  that  the  word  ‘school’ 
comes  from  the  Greek  o-xoAij,  mean- 
ing ‘leisure’,  while  ‘curriculum’  is  the 
Latin  for  ‘racecourse’.  Engineering 
students  are  usually  faced  with  a 
continuum  of  formal  instruction,  most 
of  it  undoubtedly  good  in  itself,  but 
often  ineffective  because  the  student 
has  too  little  leisure  to  ponder  and 
discuss.  A professor  is  presumably 
chosen  for  his  distinction  in  academic 
work.  It  seems  a very  inefficient  use 
of  his  time  if  his  lecture  is  im- 
mediately preceded  and  followed  by 
others  in  different  fields;  all  the 
student  can  take  away  with  him 
usually  is  his  set  of  hurriedly  scrib- 
bled notes.  Mimeographed  summaries 
can  help  a great  deal,  but  cannot 
replace  the  value  of  intimate  and 
critical  discussion. 

Courses  in  the  arts  are  not  usually 
so  crowded,  and  the  library  and  the 
discussion  group  play  a larger  part 
in  the  student’s  life.  A point  which 
is  often  overlooked  is  that  mathe- 
matics and  the  physical  sciences  in 
their  elementary  stages  leave  little 
room  for  debate.  In  the  eyes  of  the 
student  the  professor  is  almost 
omniscient.  If  he  proves  a theorem, 
there  is  little  to  be  gained  by  argu- 
ment. He  can  explain,  illustrate  or 
amplify;  he  can  invite  students  to  do 
so  and  he  can  challenge  them  to  find 
deliberately  imposed  errors.  But  his 
work  seldom  lends  itself  to  the  ex- 
pression of  'opinions.  In  disciplines 
requiring  more  subjective  judgment 
there  is  far  more  room  for  discussion 
and  it  is  therefore  easier  in  these  areas 
than  in  engineering  to  make  use  of 
discussion  and  debate.  But  the  diffi- 
culty of  doing  so  in  engineering 
makes  it  all  the  more  necessary,  since 
it  is  only  through  the  exchange  of 
views  that  the  teacher  can  improve 
significantly  on  the  text  book. 

A possible  remedy  is  to  make  a 
drastic  cut  in  the  amount  of  formal 
instruction.  One  of  the  greatest  diffi- 
culties facing  students  is  the  need  to 
adjust  themselves,  chameleon-like,  to 
four  or  five  different  environments  in 
a single  morning.  This  requirement  is 


barbaric  and  must  drive  all  but  the 
stoutest-hearted  into  the  attitude  of 
passive  frustration  which  many  pro- 
fessors deplore  but  for  which  few 
think  of  accepting  the  blame.  Admit- 
tedly, students  being  human  beings, 
there  are  many  who  would  not  take 
advantage  of  additional  leisure.  Ad- 
mittedly, also,  this  proposal  would 
involve  expense  in  the  way  pf  staffing, 
study  rooms,  and  other  facilities  be- 
yond those  normally  available.  But 
a university  is  a place  of  opportunity, 
and  there  seems  little  argument 
against  providing  better  opportunities 
for  those  who  will  take  them  than  for 
those  who  will  not.  Competition  for 
places  in  a selected  group  taking  a 
more  advanced,  but  more  leisured, 
course  might  well  be  an  incentive  for 
the  remainder,  resulting  in  a steady 
growth  of  the  ‘leisure’  system  as  more 
money  and  facilities  become  available. 

The  Senior  Undergraduate  Years 

The  senior  years  of  the  course  are 
in  a rather  different  category.  Stud- 
ents are  more  mature  and  need  guid- 
ance rather  than  tuition.  Courses  must 
be  far  more  specialized  than  in  the 
earlier  years.  Classes  are  smaller  and 
each  department  is  less  dependent  on 
others  for  ‘service’  courses.  In  general, 
it  is  probably  fair  to  state  that  the 
pattern  throughout  our  universities  is 
a reasonably  sound  one,  if  considered 
in  relation  to  the  present  structure  of 
the  courses  as  a whole.  Since  the 
courses  are  usually  in  the  hands  of 
individual  departments,  we  can  escape 
the  strait  jacket  and  are  able  to 
develop  our  disciplines  in  step  with 
the  changing  face  of  engineering. 

However,  the  equation  of  con- 
tinuity has  still  to  be  satisfied.  The 
engineer  needs  a higher  and  higher 
level  of  training  to  compete  in  the 
world  market.  More  knowledge  has  to 
be  acquired,  and  the  courses  are 
already  full.  Something  has  to  give 
way.  With  a few  exceptions,  we  can- 
not push  anything  out  at  the  bottom 
of  the  course  to  make  way  for  every- 
thing that  comes  in  at  the  top.  The 
simple  answer,  of  course,  is  to  call 
a halt  to  the  level  of  undergraduate 
training  and  deal  with  the  new 
material  in  graduate  schools. 

A critical  examination  of  this  solu- 
tion makes  it  less  attractive.  The  new 
educational  material  that  comes  in  the 
wake  of  scientific  progress  is  not,  for 
the  most  part,  of  a specialized  kind. 
On  the  contrary,  much  of  it  is  quite 
fundamental  and  is  likely  to  infiltrate 
our  courses  at  all  levels.  An  example 
of  this  is  modern  computing.  The 
design  and  the  efficient  use  of  a 
computing  machine  are  highly  special- 
ized matters  which  might  well  be 


dealt  with  at  graduate  level,  but  | , 
developments  in  numerical  analysis  i 
and  the  changing  emphasis  in  several  ! 
areas  of  mathematics,  the  new  way  ' 
of  thinking  of  engineering  matters  and  : 
the  increasing  concern  with  logical  : 
problems  are  all  valuable  but  addi-  i 
tional  things  for  the  student  to  assimi- 
late, and  should  be  assimilated  early  I 
if  their  significance  is  to  be  appreci- 
ated. They  belong  in  an  undergraduate  j 
course  at  various  levels  and  cannot  I 
be  simply  relegated  to  graduate  study.  > 
The  fact  of  the  matter  is  that  new  j 
engineering  concepts  do  not  pour  in  i 
from  the  top  alone;  they  seep  in  from  | 
the  sides  as  well.  ' 

It  is  true  that  the  engineering  pro-  < 
fession  still  demands  men  whose  i 
duties  will  tend  to  the  administrative  ! 
rather  than  the  technical;  these  men  ' 
have  just  as  great  a need  for  univer-  j 
sity  education  as  those  who  are  more  ' 
scientifically  inclined,  and  they  may  \ 
be  needed  in  greater  numbers.  It  1 
would  be  unrealistic  to  suggest  that,  ■ 
with  the  increasing  scientific  needs  of  ! 
engineering,  all  engineering  graduates  ' 
should  be  expected  to  have  the  same  i 
high  level  of  scientific  attainment.  , 
In  universities  which  alone  serve  a | 
large  community,  it  would  not  be  in  ; 
the  interest  of  that  community  to  cut  | 
off  the  supply  of  competent  engineers  j 
with  an  orthodox  education  and  to  ; 
concentrate  solely  on  the  scientific 
‘cream’.  Where  several  universities 
serve  one  community,  there  is  more  i 
room  for  experiment  and  this  kind  of  i 
specialization  might  be  practicable.  j 
However,  there  seems  little  reason  i 
why  a single  university  engineering  \ 
school  should  not  perform  both  tasks.  | 
The  orthodox  task  is  being  performed  f 
already  and  in  most  respects  the  result  j 
appears  satisfactory.  The  need,  then,  , 
is  for  an  additional  enterprise,  aimed  ; 
at  producing  the  engineer  with  both  i 
the  breadth  and  the  depth  of  educa-  ; 
tion  to  take  his  part  in  leading  ; 
engineering  progress  in  the  years  to  | 
come.  1 

I 

A Choice  of  Courses  j 

An  argument  has  already  been  j 
given  to  show  that  we  should  not  i 
rely  entirely  on  graduate  study  as  j 
a means  to  this  end.  The  roots  of 
modern  engineering  go  deeper  than  , 
that.  What  is  required  is  a new  i 
additional  imdergraduate  course  which 
can  escape  the  limitations  imposed  by  | 
the  more  stereotyped  course  of  the  ' 
orthodox  student.  It  might  be  at- 
tempted in  a small  way  for  a start, 
but  it  should  grow. 

There  is  no  clear-cut  line  of  demar- 
cation between  the  various  activities 
of  the  engineer  in  professional  prac- 
tice; the  blending  in  differing  pro- 
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portions  of  many  qualities,  ranging 
from  scientific  insight  to  administra- 
' tive  aptitude,  provides  the  variety  of 
opportunity  that  makes  successful 
teamwork  fjossible.  However,  this 
very  fact  makes  it  desirable  for 
universities  to  provide  courses  which 
enable  their  students  to  develop  their 
talents  to  the  best  advantage.  As  a 
first  step — ^where  this  has  not  already 
been  taken — students  could  be  divided 
into  two  streams,  one  of  which  would 
give  emphasis  to  advanced  techno- 
logical studies  with  the  degree  of 
specialization  required  by  modern 
engineering  developments,  while  the 
other  would  be  of  a more  general 
nature  and  would  be  directed  to- 
wards the  student  interested  more  in 
the  organization  of  engineering  works 
than  in  the  more  scientific  aspects  of 
the  profession. 

This  form  of  subdivision  is  already 
being  made  in  universities  in  the  form 
of  options’,  usually  in  the  later  years 
of  the  course;  the  results,  however, 
are  offset  in  most  cases  by  the  per- 
sistence of  the  tradition  of  common’ 
courses  in  two  or  more  of  the  early 
years. 

It  is  suggested  that  the  students 
should  be  divided  into  the  two 
streams  at  an  earlier  stage,  and  cer- 
tainly no  later  than  the  end  of  the 
first  year  of  engineering  studies.  The 
‘industrial’  stream  (for  want  of  a 
better  name)  might  well  follow  a 
course  in  the  existing  pattern,  avoid- 
ing undue  specialization  in  any  one 
area.  The  ‘scientific’  stream,  on  the 
other  hand,  should  be  directed  from 
the  beginning  into  different  channels, 
and  should  be  given  opportunity 
rather  than  formal  instruction.  Lec- 
tures should  be  limited  to  one  or  two 
per  day,  each  being  followed  by  a 
period  of  discussion  or  reading,  and 
students  in  this  stream  should  have 
in  their  laboratory  assignments  the 
opportunity  to  escape  the  terrible 
monotony  which  seems  inseparable 
from  laboratory  instruction  en  masse. 

Since  these  students  will  still  re- 
quire a general  engineering  education 
as  well  as  advanced  work  in  one  or 
other  area  of  specialization,  and  will 
at  the  same  time  be  provided  with 
time  and  leisure  for  contemplation, 
the  course  should  be  extended  by  one 
year.  The  level  reached  by  students 
completing  such  a course  could  be  at 
least  that  of  the  normal  degree  of 
Master,  and  it  is  suggested  that  the 
award  of  a Master’s  degree  would  be 
appropriate.  There  is  no  prima  facie 
reason  why  the  first  degree  should  be 
that  of  Bachelor  and  there  are  many 
precedents  for  by-passing  it.  An  ad- 
vantage of  providing  a course  of  this 
nature  is  that  the  student  who  intends 


to  proceed  in  due  course  to  a higher 
degree  would  be  able  to  plan  his 
progress  to  that  end  faom  his  early 
undergraduate  days. 

These  suggestions  are  for  the  pro- 
vision of  challenging  courses  for  those 
students  who  have  the  scientific  ap- 
titude to  profit  from  them.  There  re- 
mains a large  proportion  of  students 
who  do  not  have  this  aptitude  but  are 
still  able  to  cope  with  the  demands  of 
an  orthodox  course,  and  have  other 
abilities  which  they  can  bring  to  the 
service  of  the  profession.  They  are  for 
the  most  part,  indeed,  the  solid  stuff 
of  which  the  engineering  profession  is 
made,  and  it  would  be  a mistake  to 
underrate  their  importance.  They 
have  a rightful  place  in  a university, 
but  could  profit  more  from  a normal 
course  than  from  the  special  course 
that  we  have  been  discussing. 

Graduate  Study  and  Research 

The  need  for  graduate  study  in  a 
university  is  so  obvious  that  it  should 
need  little  emphasis.  The  tempo  of 
modem  engineering  is  such  that  con- 
tinuing education  has  become  a ne- 
cessity, not  only  to  appease  the  in- 
satiable appetite  of  industry  but  also 
to  provide  source  material  for  under- 
graduate courses  of  the  future.  Apart 
from  its  other  uses,  the  graduate 
course  is  a filter  which  enables 
specialized  knowledge  in  new  areas 
to  be  sorted  out  and  in  due  course  to 
find  its  proper  place  in  the  more 
general  treatment  presented  to  under- 
graduates. 

The  place  of  universities  in  en- 
gineering research  is  much  debated, 
particularly  in  the  face  of  increasing 
research  activity,  often  of  the  most 
fundamental  kind,  in  industries  and 
government  laboratories,  and  of  the 
size  and  cost  of  the  essential  facilities. 
In  general  terms,  the  modem  trend 
has  been  to  look  to  the  large  indus- 
trial or  government  laboratories  to 
play  the  major  part  in  research  in- 
volving substantial  teams  of  scien- 
tists and  massive  equipment,  while  the 
encouragement  of  work  of  the  in- 
dividual is  left  mainly  to  the  univer- 
sities. This  pattern  is  commendable, 
provided  that  there  is  sufficient  free- 
dom in  its  interpretation.  It  is  a mis- 
take to  regard  technological  research 
per  se  as  unsuitable  for  universities. 
Technology  differs  from  pure  science 
only  in  degree;  if  a distinction  must 
be  drawn,  it  is  in  the  underlying  pur- 
pose of  the  work  rather  than  its  de- 
gree of  erudition.  The  scientist  is  con- 
cerned with  examining  phenomena 
and  discovering  why  they  occur.  His 
job,  in  short,  is  analysis.  The  tech- 
nologist is  concerned  in  synthesis;  in 
fitting  together  the  discoveries  of  the 


scientist  and  seeing  where  they  will 
lead.  The  best  results  are  usually 
achieved  when  the  two  get  together. 

Engineering  research  has  been  too 
often  frustrated  in  the  past  through 
the  unwillingness  of  the  engineer  to 
leave  his  own  garden  plot  and  tres- 
pass on  the  territory  of  the  scientist. 
When  he  has  done  so,  he  has  often 
met  with  conspicuous  success,  and  it 
is  happily  becoming  more  common 
now  for  the  engineer  to  lead  the  way 
into  the  fertile  field  of  inter-discip- 
linary studies.  Some  of  the  spectacu- 
lar advances  in  neurophysiology,  for 
example,  have  come  from  the  invasion 
of  that  field  by  mathematicians  and 
engineers,  and  similar  results  are  ap- 
parent in  many  other  areas.  It  is  too 
early  to  estimate  the  effect  that  the 
study  of  information  theory  will  even- 
tually have  on  language  and  verbal 
communication  and  on  the  psychologi- 
cal field  of  pattern  recognition,  which 
has  not  yielded  readily  to  quantitative 
treatment;  it  is  safe  to  predict  that 
the  effect  will  be  very  substantial. 

It  is  the  freedom  to  sail  in  un- 
charted waters  which  is  the  birthright 
of  the  universities,  and  this  is  true 
equally  of  the  humanities,  the  pure 
sciences  and  the  technologies.  This  is 
well  recognized,  but  the  universities 
themselves  do  not  always  provide  the 
encouragement  or  facilities  for  inter- 
disciplinary studies.  Faculty  budgets, 
the  requirement  for  so  many  units  of 
course  work  and  the  administrative 
desire  for  clear-cut  patterns  all  com- 
bine to  discourage  the  freedom  which 
was  once  the  very  core  of  a univer- 
sity. Because  of  their  size  and  increas- 
ing complexity,  universities  have  been 
forced  into  adopting  administrative 
patterns,  and  yet  such  patterns  imply 
a sense  of  permanence  and  uniformity 
which  is  foreign  to  the  higher  con- 
cept of  a university,  especially  in 
scientific  contexts.  No  better  words 
could  be  found  to  express  this  view 
than  those  of  Dr.  Caryl  Haskins  in  his 
recent  presidential  report  of  the  Car- 
negie Institution  of  Washington.  He 
says:  “It  follows  that  in  science,  as  in 
our  larger  democratic  society,  the  in- 
dividual is  still  a supremely  important 
factor.  In  a related  sense,  science,  like 
democracy,  must  enthrone  the  values 
of  private  concern,  embodying  and 
sternly  defending  those  sectors  of  in- 
dividual effort  for  which  no  collective 
element  may  substitute.  Again  science, 
like  a democracy,  has  made  an  in- 
stitution of  the  process  of  continuous 
reorientation,  in  a sense,  of  continuous 
reform.  A science  tliat  is  faithful  to 
its  trust,  like  a democracy  that  is  true 
to  its  being,  will  refuse  to  claim  that 
its  work  is  ever  done.” 

Graduate  studies  and  research  will 
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tlirive  best  and  individuality  will 
flourish  when  artificial  barriers  be- 
tween disciplines  are  withdrawn.  It  is 
suggested  that  in  the  selection  of 
graduate  students  and  the  allocation 
of  research  funds,  universities  might 
well  give  high  priority  to  inter-dis- 
ciplinary studies  wherever  there  is 
sufficient  personal  enthusiasm  and 
ability  to  justify  support. 

Technical  Education 

In  e.xisting  courses  in  most  univer- 
sities, there  is  still  a large  group  of 
students  who  lack  the  ability  to  form 
physical  or  mathematical  models  for 
the  analysis  of  engineering  problems, 
or  else  lack  the  mathematical  dexterity 
to  deal  with  them.  Their  university 
life  is  a struggle  which  in  a few  cases 
may  lead  to  a degree,  but  not  to  the 
understanding  which  that  degree 
should  imply.  They  provide  most  of 
the  ‘wastage’  — the  academic  failures 
— and  are  often  lost  to  the  profession 
and  to  productive  industry  before 
they  have  had  the  chance  to  try  their 
hand  at  it.  The  few  who  survive  and 
eventually  graduate  usually  enter  in- 
dustry and  find  themselves  in  jobs  for 
which  their  training  is  inadequate  or 
unsuitable.  Some  of  them  settle  to 
their  task  and  become  valuable  con- 
tributors to  productive  industry. 
Others  become  disillusioned  and  fail 
to  make  significant  progress  in  the 
profession. 

The  questions  we  should  ask  are: 
Is  there  no  course  of  training  which 
would  be  better  suited  to  the  develop- 
ment of  their  talents?  Are  we,  in 
training  them  in  universities,  guilty  of 
continuing  a most  inefficient  process 
to  the  detriment  of  the  student  and 
the  university  alike?  Is  there  not  a 
large  place  in  industry  for  the  tech- 
nician, trained  to  fill  an  existing  gap 
between  the  skilled  artisan  and  the 
professional  engineer? 

Canada  has  a glorious  tradition  of 
equality  of  opportunity,  but  the  tra- 
dition will  lead  us  astray  if  we  con- 
fuse it  with  unifonnity  of  oppoi-tunity. 
These  students  are,  in  fact,  being 
denied  their  opportunity  by  being 
forced  into  a course  which  will  not 
allow  their  talents  to  be  developed  to 
the  full;  for,  with  a few  exceptions, 
there  is  no  alternative  to  the  full  dis- 
cipline of  a long  and  arduous  univer- 
sity course.  Many  fail;  the  remainder 
receive,  at  best,  the  wrong  kind  of 
training. 

This  discontinuity  in  educational 
opportunity  does  not  exist,  or  exists  to 
a lesser  degree,  in  most  industrially 
advanced  countries.  The  solution  there 
lies  in  a network  of  technical  colleges 
or  institutes  which  offer  courses  suit- 
able for  the  training  of  technicians. 


usually  in  far  greater  numbers  than 
the  output  of  professionally  trained 
engineers  from  the  universities.  It  is 
not  necessarily  true  that  the  example 
of  other  countries  should  be  followed 
in  Canada,  but  there  is  nothing  to  be 
lost  by  seeking  to  combine  in  this 
country  the  best  features  of  practice 
elsewhere.  There  is  no  doubt  that  in 
most  countries  of  the  world,  whether 
or  not  we  accept  a distinction  be- 
tween the  professional  engineer  and 
the  technician,  the  boy  leaving  school 
with  a view  to  entering  one  of  the  en- 
gineering industries  has  before  him  a 
choice  of  several  kinds  of  training, 
according  to  his  needs  and  qualifica- 
tions. The  choice  is  not  always  his 
own;  entry  to  one  or  other  course  may 
be  competitive  or  may  demand  special 
qualities,  but  at  least  every  student 
will  not  be  cast  in  the  same  mould. 

The  success  or  failure  of  a system 
of  technical  education  depends  ulti- 
mately on  the  recognition  by  industry 
of  the  value  of  technicians  and  of  the 
fact  that  a man  with  a first-class 
record  in  a technical  course  will 
usually  serve  the  industry  far  better 
than  would  the  same  man  with  a poor 
record  at  a university.  The  technical 
college,  like  the  university,  should  aim 
at  excellence,  but  its  excellence  should 
be  in  a different  field.  In  particular, 
its  courses  would  be  more  specialized 
than  those  of  a university,  and  might 
even  be  more  advanced  within  their 
particular  area.  They  would  not 
nonnally  demand  the  level  of  mathe- 
matics and  science  appropriate  to  a 
university. 

Above  all,  a technician  should  not 
be  regarded  in  any  sense  as  second- 
rate,  nor  should  technical  courses  be 
regarded  as  inferior.  He  should  not 
be  debarred  from  eventual  entry  to 
the  engineering  profession  if  experi- 
ence shows  that  he  can  compete  suc- 
cessfully with  professional  engineers. 
This  may,  of  course,  confront  profes- 
sional associations  with  difficult  ad- 
ministrative problems,  but  they  would 
be  the  first  to  admit  that  the  health 
of  the  profession  and  its  ability  to 
attract  qualified  people  are  more  im- 
portant considerations  than  adminis- 
trative convenience. 

This  proposal  is  not  new.  There  are 
already  training  courses  for  tech- 
nicians in  several  Provinces  and  there 
appears  to  be  reason  for  great  satis- 
faction with  their  product.  The  prob- 
lem is  one  of  quantity,  not  quality. 
Too  many  professional  engineers  are 
employed  today  in  work  for  which  a 
university  training  is  not  only  un- 
necessary but  also  unsuitable.  Their 
positions  would  be  better  occupied  by 
technicians  trained  specifically  for  the 
puipose. 


There  is  now  no  lack  of  apprecia- 
tion in  Canada  of  the  need  for  in- 
creased facilities  for  training  techni- 
cians. The  combined  actions  of  fed- 
eral and  provincial  governments,  and 
other  agencies,  have  led  to  a substan- 
tial program  for  the  development  of 
technical  institutes  throughout  the 
country.  The  next  few  years  should 
see  the  establishment  of  a sound  and 
substantial  foundation  on  which  a 
structure  of  technical  education  may 
be  erected.  This  is  an  excellent  start, 
but  the  program  must  be  continued 
vigorously  if  we  are  to  achieve  a 
proper  balance  of  educational  facili- 
ties. 

Conclusions  and  Summary 

Education  is  a personal  matter  and 
its  essence  is  the  communication  of 
ideas  to  individuals.  Universities,  well 
aware  of  this  fact,  are  facing  an  ex- 
tremely difficult  task  in  preserving  a 
proper  basis  of  education  in  the  face 
of  increasing  enrolments  and  the  ex- 
ternal pressures  of  a changing  world. 
Urgent  action  is  needed  to  reverse  the 
trend  towards  the  human  production 
line  and  to  ensure  that  the  products 
of  the  university  retain  their  in- 
dividuality; this  is  as  necessary  in  en- 
gineering as  in  other  studies,  and  can 
be  achieved  only  by  providing  op- 
portunities for  a student  to  set  his 
own  pace. 

Among  the  steps  that  might  be 
taken  to  achieve  this  end  are  the 
following: 

(1)  introduction  of  more  flexi- 
bility but  higher  overall  standards  for 
admission  to  universities; 

(2)  provision  of  tailor-made 
courses,  at  least  for  those  under- 
graduates who  have  the  ability  and 
the  desire  to  profit  from  them,  these 
courses  being  designed  to  educate  en- 
gineers who  might  be  expected  in  the 
future  to  advance  the  frontiers  of  the 
profession; 

(3)  encouragement  of  greater 
flexibility  in  research  programs  and 
increased  emphasis  on  inter-discip- 
linary studies; 

(4)  provision  of  more  wide- 
spread courses  for  training  tech- 
nicians and  increased  recognition  of 
them  by  industry. 

Above  all,  if  engineering  is  to  play 
a vital  part  in  the  years  to  come,  we 
must  provide  opportunities  for  the 
man  who  is  different.  There  is  a grain 
of  truth  in  the  saying  that  ‘men  are 
born  equal,  but  some  are  more  equal 
than  others’.  If,  for  economic  reasons 
or  for  sheer  necessity,  we  must  accept 
a certain  degree  of  regimentation  of 
students,  let  us  at  least  accept  it  with 
a bad  grace  as  a necessary  evil  and 
not  as  an  end  in  itself. 
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Papers  to  be  presented  at  the  1962  EIC  Annual  General  Meeting 


Following  are  the  remainder  of  the  abstracts  received  in  time  for  publication  prior  to 
the  Annual  General  Meeting.  Other  abstracts  appeared  in  the  April  and  May  is.sues  of  the 
Engineering  Journal. 


AGM  Paper  #68 

Absolute  Measures  of  Work  Management 
w/c  A.  B.  Howell, 

Staff  Officer  Aeronautical  Engineering, 

Training  Command  Headquarters,  Winnipeg 

Standards  of  work  management  and  performance  are 
usually  established  by  comparison,  i.e.  the  best  demon- 
strated performance  from  a group  of  units  is  commonly 
accepted  as  the  unit  standard.  This  technique  is  probably 
effective  in  the  long  run  in  evolving  better  techniques  of 
work  and  work  management,  but  it  is  an  empirical  process, 
and  its  course  towards  ultimate  limits  of  performance  is 
uncertain  because  it  lacks  analysis. 

Discrimination,  control  and  direction  of  work  would 
be  more  certain  and  precise  if  absolute  standards  rather 
than  purely  comparative  standards  were  available.  In  this 
paper  attempts  are  made  to  develop  performance  standards 
that  are  as  independent  of  arbitrary  considerations  as  pos- 
sible. Two  categories  of  work  are  considered. 

The  first  category  of  work  is  that  which  is  conditioned 
by  proliability.  The  example  which  is  developed  in  the 
paper  is  the  repair  of  aircraft  in  RCAF  Maintenance.  The 
technique  of  analysis  used  is  Queuing  Theory. 

In  applying  this  technique  the  following  conditions 
and  assumptions  apply: 

(a)  a random  occurrence  of  events  (breakdown)  in 

time 

(b)  an  arrival  coefficient  (\)  that  varies  inversely  with 

the  numbers  of  serviceable  machines  (aircraft) 

(c)  a random  distribution  of  repair  times 

(d)  the  number  of  crews  is  considerably  less  than  the 

total  number  of  machines  (aircraft) 

(e)  first  come  is  first  served 

(f)  the  population  (total  number  of  aircraft  serviceable 

and  unserviceable)  is  finite 

The  second  category  of  work  is  that  which  is  depen- 
dent on  the  coordinated  efforts  of  workers  or  groups  (crews) 
of  workers.  Such  a collection  of  individuals  or  groups  must 
always  depend  in  some  degree  upon  the  joint  use  of 
facilities.  The  joint  use  may  be  reduced  to  a very  low 
level  providing  the  expense  of  providing  multiple  facilities 
can  be  afforded,  but  some  interaction  between  units  re- 
mains, if  only  by  tlie  occupation  of  neighboring  space. 
On  this  account  some  element  of  interference  must  always 
develop  wlierever  groups  or  individuals  are  required  to 
work  together  in  a single  organization.  To  resolve  this 
interference,  and  minimize  its  effect  upon  production  is 
one  of  the  prime  tasks  of  the  supervisors. 


paper  is  the  perfonnance  of  aircraft  periodic  inspections  ' - 
by  inspection  crews  in  RCAF  Maintenance.  The  technique  ! 
of  analysis  is  based  on  the  concept  of  Organizational  En-  I 
tropy  in  which  the  degrees  of  team  coordination  are  [ 
measured  in  terms  of  organizational  entropy  difference.  ! 

Ry  the  concept  of  Organizational  Entropy  the  work  i 
done  by  the  work  supervisors  in  coordinating  the  output  i( 
of  a number  of  workers  or  crews  of  workers  is  absorbed  i 
in  resisting  the  natural  tendency  of  a state  of  organization  ' : 
to  disintegrate  and  lose  its  coordinated  form.  Thus  a col-  | : 
lection  of  crews  or  individuals  tends  to  increasing  chaos,  |f 
i.e.  increasing  entropy;  and  the  supervisors  spend  their  • 
energy  in  containing  this  tendency  i.e.  reducing  entropy. 


AGM  Paper  #56  1 1 

Engineers  in  the  Canadian  Economy 
J.  P.  Francis, 

Director,  Economics  and  Research  Branch,  : 

Department  of  Labour,  Ottawa  | 

Canadian  economic  development  is  imposing  some  !■ 
important  changes  on  requirements  for  engineering  man-  : 
power  and  on  how  such  manpower  is  utihzed.  | ' 

Jobs  for  engineers  have  been  growing  at  a more  rapid  1 1 
pace  than  total  employment  for  several  decades,  but  in  I ' 
the  last  ten  years  a significant  change  has  occurred  in  the  ï i 
factors  determining  this  growth.  Until  the  1950’s,  engineer- 1 : 
ing  manpower  requirements  came  mainly  from  the  overall  ( | 
growth  of  the  economy  and  the  fact  that  the  industries  1 1 
already  employing  engineers  were,  by  and  large,  the  fastest  j i 
growing  ones.  Since  about  1950,  the  continued  growth  cf  ( 
engineering  manpower  needs  has  been  primarily  due  to  .■ 
the  greater  employment  of  engineers  by  industries  in  which  f ■ 
they  were  already  well  established.  t 

In  sharp)  contrast  to  earlier  decades,  there  have  been  i 
substantial  increases  over  the  past  ten  years  in  the  proper- 1 r 
tion  of  engineers  in  the  work  forces  of  many  industries.  H 
Needs  for  engineers,  which  before  were  mainly  the  product  | ( 
of  the  sheer  growth  of  industry,  are  now  being  generated  i | 
primarily  by  the  changing  character  of  industry  due  prin-  f'j 
cipally  to  technological  developments. 

In  the  past,  fairly  extensive  facilities  have  been  de-Q 
veloped  in  Canada  for  the  education  of  engineers  while  i j 
very  limited  ones  were  provided  for  the  training  of  tech-  H 
nicians  and  the  education  of  business,  financial  and  organ-  j i 
izational  specialists.  As  a result,  engineers  have  been  em-  : I 
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plo>ed  extensively  in  all  of  these  fields.  Now,  how'ever, 
facilities  are  being  expanded  rapidly  for  the  training  of 
technicians  and  at  the  university  level  for  a growing  num- 
ber of  social  scientists  and  others  with  special  preparation 
|for  the  business  world. 

Î These  two  basic  trends,  in  the  character  of  require- 
ments for  engineers  and  in  the  availability  of  other  related 
kinds  of  \\'orks,  will  have  important  effects  on  the  engineer- 
ing profession.  The  crucial  importance  for  economic  de- 
velopment of  science  and  technology,  and  the  growing 
(complexity  of  scientific  knowledge,  are  placing  a premium 
jon  engineers  with  post-graduate  training  and  increasing  the 
likelihood  of  other  engineers  becoming  technically  obsolete. 
Thus  greater  emphasis  in  future  will  need  to  be  put  on 
;the  development  of  university  facilities  at  the  post-graduate 
level  in  the  engineering  field.  In  addition,  more  attention 
will  have  to  be  given  to  the  development  of  ways  and 
means  whereby  engineers  already  in  the  labour  force  can 
jkeep  abreast  of  technical  and  scientific  developments, 
j To  the  extent  that  engineers  are  employed  on  sub- 
jprofessional  technical  work,  the  growing  availability  of 
j technicians  will  undoubtedly  change  this  pattern  of  utiliza- 
tion. As  a greater  number  of  bright  people  start  to  come 
from  university  courses  oriented  to  the  needs  of  business 
'and  commerce,  engineers  will  find  themselves  in  intense 
competition  with  such  people.  Both  of  these  pressures  will 
generate  furtlier  basic  changes  in  the  engineering  profes- 
sion. No  longer  will  engineering  education  to  the  same 
degree  be  primarily  a valuable  general  preparation  for  a 
;wide  range  of  employment,  both  technical  and  non-techni- 
jcal.  An  extensive  understanding  of  scientific  principles  on 
I top  of  which  is  built  some  specialized  technical  knowledge 
'will  increasingly  be  the  characteristic  of  the  profession. 
jThe  engineer  of  tomorrow  therefore  may  be  quite  different 
|from  the  engineer  of  today. 


I 

AGM  Paper  #28 

Loss  Measurement  in  Magnetic  Steel  Above 
iSaturation  Density  with  Controlled  Flux  Waveform 
J.  S.  MacKelvie, 

[Electronics  ir  Electrical  Engineer, 

{Canadian  General  Electric  Co.,  Peterborough 
',11.  Hollitscher, 

[Laboratory  Engineer, 

[Canadian  General  Electric  Co.,  Peterborough 
\E.  C.  Elgar, 

Mechanical  Engineer, 

Canadian  General  Electric  Co.,  Peterborough 

Standard  methods  of  measuring  loss  in  magnetic  steel 
provide  information  in  a form  which  is  not  particularly 
suitable  for  modern  rotating  machine  design  nor  of  adequate 
range. 

i This  paper  describes  a means  of  producing  controlled 
Ifinx  waveforms  in  standard  steel  samples  over  a range  of 
flux  densities  encountered  in  practice.  A calorimetric 
imethod  of  measurement  of  loss  is  used  successfully  to 
javoid  the  difficulties  associated  with  the  electrical  measure- 
mcnt  of  loss  at  saturation  flux  density. 

i The  equipment  is  capable  of  magnetising  the  steel  to 
fa  peak  magnetic  field  strength  of  2500  Oe.  (approx.  5000 
AT/in)  with  a fundamental  frequency  in  the  range  30  - 
'90  c/s  and  a flux  distortion  of  less  than  5%.  Harmonics  up 
to  2000  c/s  can  be  superimposed  on  the  fundamental.  An 
alternative  means  of  operation  can  control  the  waveform  of 
1 1 1C  magnetic  field  in  a yoke  designed  to  give  a uniform 
axial  field  at  the  highest  magnetic  field  strength.  Steel 
'Samples  can  be  located  rapidly  on  the  axis  adjacent  to 
^search  coils  which  arc  used  to  measure  peak  magnetic  flux 
and  peak  magnetic  field  strength. 

'I'he  yoke  is  excited  by  a tube-transistor  amplifier 
system  employing  overall  negative  feedback.  By  this  means 
,the  flux  distortion  due  to  steel  saturation  is  considerably 
hcduced. 


Measurement  of  peak  flux  density  is  made  with  an 
average  reading  voltmeter  attached  to  a search  coil  which 
is  compensated  for  air  leakage  flux.  Peak  magnetic  field 
strength  is  measured  with  another  search  coil. 

Loss  is  determined  by  calculations  from  the  measured 
rate  of  temperature  rise  on  the  steel  surface  using  thermis- 
tors. The  change  in  thermistor  resistance  due  to  heating  is 
sensed  in  a bridge  and  serves  as  a measure  of  the  rate  of 
heat  generation. 

An  example  of  the  results  obtained  in  the  frequency 
range  30-660  c/s  is  presented. 


AGM  Paper  # 59 

The  Mechanical  and  Electrical  Services  for  the 
Place  Ville  Marie  Development,  Montreal,  Quebec 
M.  Kelt,  P.Eng., 

Jas.  Keith  ir  Associates 

The  Place  Ville  Marie  Development  is  a seven  acre 
commercial  complex  in  Montreal.  It  essentially  comprises 
a base  of  two  floors  of  garage  and  storage  areas  and  a 
shopping  promenade,  plaza,  plaza  shops,  40  storey  Royal 
Bank  of  Canada  office  building,  4 Royal  Bank  quadrants, 
3 storey  Cathcart  office  building  with  shops  at  plaza  level. 

The  largest  building  in  the  Project  is  the  40  storey  Royal 
Bank  Building.  The  mechanical  services  are  located  in  the 
lower  mechanical  floor  and  the  upper  penthouse.  The 
building  has  a fireproof  steel  frame,  “Q”  floors,  aluminum 
curtain  walls,  single  glass  windows,  removable  metal  panel 
accoustical  core  ceilings,  recessed  fluorescent  lights  and 
diffusers,  and  thirty-two  elevators.  6000  tons  of  refrigeration 
are  provided  for  cooling.  The  perimeter  has  an  induction 
air  conditioning  system  and  the  interior  spaces  a medium 
pressure  air  system. 

Steam  is  supplied  to  the  project  by  the  C.N.R.  at  400 
psi.  and  is  reduced  to  30  psi.  for  final  use. 

Domestic  water  supply  is  provided  from  the  city  water 
lines  by  two  8"  services  from  University  Street.  The  water 
is  stored  in  a concrete  tank  located  at  track  level,  and  is 
pumped  directly  to  the  Cathcart  building  and  to  house 
tanks  on  the  27th  floor  and  upper  mechanical  penthouse 
of  the  Royal  Bank  Building.  The  lower  levels  are  fed 
directly  from  the  street.  Uppermost  floors  and  the  observa- 
tion tower  of  the  Royal  Bank  Building  are  fed  by'  a hydro- 
pneumatic system. 

City  connections  are  provided  from  University  and  Mans- 
field streets  to  feed  a ring  main  at  the  lower  levels  for 
sprinklers  and  fire  hoses.  Two  2000  gal.  100  psi.  pumps, 
one  diesel  and  one  electric,  taking  suction  from  the  con- 
crete tank  at  track  level  provide  secondary  service  water 
for  the  lower  levels  and  track  platforms.  The  Royal  Bank 
Building  is  provided  with  primary  water  for  fire  protection 
from  the  two  previously  mentioned  house  water  tanks,  and 
secondary  protection  from  one  diesel  and  one  electrical  fire 
pump,  each  rated  at  750  US  gpm  vs  100  psi.  This  fire 
protection  is  supervised  by  a coded  electrical  system. 

The  C.N.R.  track  area  has  an  e.xhaust  ventilation  sy'stem 
to  remove  fumes  from  the  diesel  engines  and  discharges 
this  air  to  atmosphere  at  the  roof  of  the  Cathcart  building. 
The  garage  areas  have  supply  exhaust  ventilation  to  con- 
trol carbon  monoxide  concentration  and  remove  gas  fumes 
and  discharge  air  to  atmosphere  at  the  roof  of  the  Cathcart 
building.  Store  areas  are  air  conditioned  with  individual 
fan  coil  compressor  units  provided  with  cooling  tower  water 
from  two  towers  located  in  the  roof  of  the  Cathcart  build- 
ing. 

Hydro  .service  is  supplied  to  the  site  from  12  kv.  3/60 
.service,  and  diDps  to  a main  switchboard  and  metering 
room  at  track  level.  12  kv.  feeders  ri.se  to  the  lower  me- 
chanical floor  of  the  Roy'al  Bank  Building  and  the  second 
mechanical  penthou.se,  and  feed  four  transformer  banks  of 
5000  kv.  each.  12  kv./550/3/60/.  Feeders  serxc  two 
electrical  closets  on  eaeh  floor  of  the  tower.  Dry  eore 
500/120/208  transformers  and  panel-boards  and  metering 
facilities  arc  provided  in  each  clo.set.  Separate  transfonucr 
banks  and  substations  arc  provided  for  the  Lower  Areas 
and  for  the  Cathcart  building.  Pros  ision  is  made  for  tlic 
metering  of  tc'uants. 
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Emergency  power  for  the  lower  levels  is  provided  by  a 
500  kv.  diesel.  A 1000  leva  turbo-generator  is  provided  for 
emergency  power  for  the  Royal  Bank  Building.  The  total 
connected  load  is  36,000  leva. 


AGM  Paper  # 3 

The  so-called  Shear  Strength  of  Concrete  Beams 
Dr.  G.  J.  Kani 

Associate  Professor,  Department  of  Civil  Engineering, 
University  of  Toronto 

The  practical  aspect  of  the  problem  in  question  are:  (a) 
when  is  it  necessary  to  use  additional  reinforcement  in  a 
reinforced  concrete  beam  in  order  to  prevent  a so-called 
shear  failure, 

(b)  where  to  place  this  reinforcement, 

(c)  what  kind  of  reinforcement  to  use. 

The  answers  to  these  questions  may  be  found  only  by 
investigating  and  understanding  the  internal  mechanism  of 
the  so-called  shear  failure. 

Shear  stress  is  obviously  a very  unsuitable  indicator  of 
diagonal  failure,  not  only  because  there  is  no  “shear 
strength  of  concrete”  to  compare  with,  but  even  more 
because  shear  stress  is  only  one  component  of  the  total 
stress  and  by  far  not  the  largest  one. 


The  internal  mechanism  of  diagonal  failure  for  an  R.C.  ' 
beam  without  and  with  bond  has  been  developed  and  by  ' 
means  of  it,  it  was  shown  that  the  so-called  shear  failure  | : 
is  a problem  of  diagonal  eompression  failure.  f 

Four  different  causes  of  failure  seem  possible:  (I)  Due 
to  narrowing  of  the  eompressive  zone,  la.  overstress  in  the  ' • 
compressive  zone  (flexural  failure),  Ib.  splitting  of  the  com-  i 
pressive  zone.  I ! 

(II)  Due  to  “transformation  of  the  beam”  (breaking  away  ■ 
of  the  “conerete  teeth”),  Ila.  anchorage  failure,  Ilb.  buck-  | 
ling  of  the  remaining  arch. 

To  investigate  the  relation  and  the  possibility  of  these  j 
four  types  of  failure  a series  of  tests  has  been  started  at  ji 
tlie  University  of  Toronto.  Because  the  different  parameters  jl 
of  failure  cannot  be  controlled  in  eonventional  full  beams,  |l 
additionally  to  full  beams,  part  beams  were  investigated.  {I 
By  changing  the  conditions,  the  order  of  the  different  types  || 
of  failure  could  be  determined.  Thus  the  factor  of  safety  || 
of  2.0  has  been  obtained  for  diagonal  failure,  (Type  Ib),  U 
and  2.7  for  flexural  failiure  (la).  Anchorage  failure  oecured  |,t|j 
at  2.8  and  with  the  improved  anchorage,  the  factor  of  ‘ 
safety  was  again  increased  eonsiderably.  In  order  to  obtain  B 
the  upper  limit  of  pure  diagonal  compression,  a part  beam  I 
was  tested  thus  reaching  a safety  factor  of  4.5.  i| 

The  investigations  are  going  to  be  continued.  :ij 


COMPRESSED  AIR  POWER 


ij 


for 

Contractors 

at  tKe 
LOWEST 
POSSIBLE 
COST 


'BROOMWADE" 


Here  is  the  compressor  that  contractors  have 
always  wanted  — an  easily  transportable  skid- 
mounted  set,  weighing  approximately  5 tons,  com- 
plete with  radiator  cooling. 

On  large  contracts,  where  a 50  or  60  cycle 
electric  supply  is  available,  this  specially  designed 
compressor,  type  V.500,  provides  AIR  POWER 
AT  THE  LOWEST  POSSIBLE  COST. 

Write  for  full  details 


Air  Compressors  and  Pneumatic  Tools 
YOUR  BEST  INVESTMENT 


The  90  degree  ‘V’  arrangement  of  the  cylinders 
gives  perfect  running  balance  with  an  absolute 
minimum  of  vibration. 

A highly  sensitive  regulator  operates  within  1 lb. 
per  sq.  in.  and  constantly  maintains  full  working 
pressure  under  all  variations  of  load. 

For  economy  and  efficiency  this  is  the  finest 
of  its  kind  now  on  offer. 

The  capacity  of  the  V.500  is  525  c.f.m.  of  free 
air  at  100  p.s.i. 

The  ‘V’  range  comprises  compressors  with  out- 
puts from  350-  1,000  cu.  ft.  of  free  air  delivered 
per  minute  at  the  normal  working  pressure  of 
100  p.s.i. 


ALBERTA; 

PACIFIC  TRACTOR  & 
EQUIPMENT  LTD., 

T43  - 42nd  Avenue  S.E., 
Calgary,  Alberta. 


PACIFIC  TRACTOR  & 
EQUIPMENT  LTD., 
9810 -62nd  Avenue, 
Edmonton,  Alberta. 


BRITISH  COLUMBIA: 

B.C.  EQUIPMENT 
CO.  LTD., 

551  Howe  Street, 
Vancouver  1,  B.C. 


PACIFIC  TRACTOR  & 
EQUIPMENT  LTD., 
505  Railway  Street, 
Vancouver  4,  B.C. 


NEW  BRUNSWICK 

GILL  & COMPANY  LTD., 
93  Bridge  Street, 

Saint  John,  N.B. 


NEWFOUNDLAND  & 
LABRADOR: 

DOMINION  MACHINERY 
& EQUIPMENT 
CO.  LTD.,  , 

56  New  Gower  Street,  | 
St.  John's,  Nfid. 

QUEBEC: 

LAURIE  & LAMB  LTD., 
637  Craig  St.  West, 
Montreal,  Quebec. 
UNITED  CONTINENTAL 
ENGINES  LTD., 

100  Fort  Royal  East, 
AAontreal  12,  Quebec. 
STEPHENS  EQUIPMENT 
LTD., 

292  Decarie  Blvd., 

Ville  St.  Laurent, 
Montreal  9,  Quebec. 

ONTARIO; 

LAURIE  & LAMB  LTD., 

2 College  Street, 
Toronto,  Ontario. 
RAY-GOROON  LIMITED, 
1385  Bloor  Street  W., 
Toronto,  Ontario. 

R.  A.  WARREN 
EQUIPMENT  LTD. 
1315  Hammond  Street, 
North  Bay,  Ontario. 
HUGGARD  EQUIPMENT 
LTD., 

1010  Memorial  Avenue,) 
Port  Arthur,  Ontario,  j 

: 

! 

NOVA  SCOTIA:  | 

INDUSTRIAL  SUPPLIES  ; 
LTD., 

P.O.  Box  862, 

133  Upper  Water  St., 
Halifax,  Nova  Scotia.  [ 

MANITOBA:  1 

HUGGARD  EQUIPMENT  1 
LTD.,  i 

1395  Whyte  Avenue,  | 
Winnipeg  3,  Manitoba.  | 

SASKATCHEWAN:  [ 

WESTERN  'EQUIPMENT  ( 
LTD.,  I 

1630,  St.  John  Street,  j 
Regina,  Saskatchewan.  ■ 
WESTERN  EQUIPMENT 
LTD., 

502  - 42nd  Street, 
Saskatoon,  Sask. 


CANADIAN  BROOMWADE  LIMITED,  BOX  488,  ADELAIDE  POST  OFFICE,  TORONTO  1,  ONTARIO.  Telephone  CRescent  4-3441 
Issued  by;  BROOM  & WADE  LTD.,  High  Wycombe,  England.  Subsidiary  Companies  and  Distributors  throughout  the  World. 
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Slew  In  Cryogenics  — 

^ 9%  Nickel  Steel,  quenched  and  tempered, 
10W  permissible  without  stress-relief! 


ASME  Code  Case  1308.  Important  changes  in 
the  ASME  Boiler  and  Pressure  Vessel  Code,  Section 
VIII,  were  approved  in  April,  1962.  The  major 
ichanges  permit  9 % nickel  steel  up  through  1 ^ " inch , 
quenched  at  1475°F  and  tempered  at  1050°  to  1125°, 
to  be  used  in  the  construction  of  welded  cryogenic 
ipressure  vessels  without  stress-relieving 
the  completely  fabricated  vessel. 

Both  revisions,  as  outlined  in  Case 
jl308,  will  give  9%  nickel  steel  new  eco- 
inomic  advantages  for  fabricating  a wide 
variety  of  equipment  for  extremely  low- 
temperature  applications.  Included  are 
pressure  vessels,  piping,  flanges,  valves, 
and  other  “hardware”  used  to  produce, 
transport,  and  store  liquefied  gases  at 
temperatures  as  low  as  —320° F. 

Previously,  ASME  required  heat 
treatment  of  9%  nickel  steel  in  accord- 
ance with  ASTM  A-353  which  calls  for  double  nor- 
malizing at  1650°F  and  1450°F  and  stress-relieving 
at  1050°  F after  welding. 

10  to  15%  savings  possible.  A comparison  of 
costs  for  a large  land-based  liquid  methane  storage 
vessel  of  80,000-barrel  capacity  indicated  a potential 
savings  of  at  least  10%  in  the  total  erected  cost 
through  the  use  of  quenched  and  tempered  non- 
stress relieved  9%  nickel  steel. 

In  vessels  of  these  capacities,  stress-relieving  costs 
are  prohibitive.  The  elimination  of  post-fabrication 
thermal  treatment  in  thicknesses  through  li/4"  will 


be  a major  factor  in  reducing  the  cost  of  cryogenic 
storage  utilizing  9%  nickel  steel.  Furthermore,  the 
use  of  quenched  and  tempered  plates  provide  an  ad- 
ditional $30  per  ton  savings  over  the  previously  spec- 
ified double-normalized  and  tempered  9%  nickel 
material.  These  factors  plus  high  strength,  weld- 
ability and  toughness  make  USS  9% 
Nickel  Steel  the  most  economical  ma- 
terial for  temperatures  down  to  — 320°F. 

Higher  allowable  design  stress. 
9%  nickel  steel  now  has  an  allowable 
working  stress  up  to  23,750  psi  permit- 
ting its  use  in  thinner,  lighter  weight 
sections  with  no  sacrifice  in  safety. 

Superior  low  temperature  serv- 
ice. The  results  of  “Operation  Cryo- 
genics” field  tests  in  1960,  showed  that 
quenched  and  tempered  USS  9 % N ickel 
Steel  displayed  high  yield  strength  and 
excellent  toughness  at  — 320°F.  For  a copy  of  the 
new  ASME  Code  Case  1308  (pictured  above); 
specifications  for  9%  nickel  steel;  or  for  a USS  9% 
Nickel  presentation  including  our  film,  “Minus 
320°,”  write  to  United  States  Steel  Export  Com- 
pany, Royal  Bank  Building,  Toronto,  Ontario.  USS 
is  a registered  trademark. 


United  States  Steel  Export  Company 

TORONTO  • MONTREAL  • WINNIPEG  • CALGARY  • VANCOUVER 


For  maximum  strength  . . . toughness,  safety 
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E.I.C.  ELECTIONS 
AND  TRANSFERS 


Applications  through  Associations 

By  virtue  of  the  co-operative  agree- 
ments between  the  Institute  and  the  As- 
sociations the  following  elections  and 
transfeers  became  effective  April  14,  1962. 


SASKATCHEWAN 

STUDENTS  ADMITTED 

E.  J.  Andrews,  W.  B.  Arnesen,  B.  M.  Art, 

R.  J.  Assie,  R.  E.  J.  Bachelu,  G.  C.  Bates, 
D.  C.  Bellows,  R.  K.  Benneweis,  A.  F. 
Bessel,  K.  D.  Bolt,  K.  J.  Brisbin,  R.  G. 
Bross,  K.  E.  Cameron,  L.  M.  Carlson,  G. 
W.  Carter,  T.  Cheberiak,  A.  R.  Clark,  T.  G. 
Clarke,  D.  L.  J.  Crabb,  A.  G.  Cùlham, 
A.  E.  Dahlman,  K.  S.  Dhaliwal,  R.  A.  Dion, 
N.  M.  Dircks,  L.  Domshy,  D.  R.  Drum- 
mond, R.  W.  Ecker,  H.  A.  Engel,  D.  J. 
Ewert,  H.  L.  Filson,  L.  Frankenberger,  L. 
Fraske,  O.  H.  Friesen,  G.  A.  Fuller,  H. 
Ganter,  D.  A.  Gemmill,  A.  R.  Gerbrandt, 
D.  L.  Gordon,  T.  H.  Gorkoff,  R.  L.  Gra- 
ham, J.  P.  Hagan,  L.  P.  Hakl,  J.  M. 
Helfrich,  E.  J.  Hinz,  W.  R.  Hartt,  G.  A. 
Hitchings,  R.  D.  Hofer,  R.  A.  Hoffman,  J. 
W.  Holmes,  J.  M.  Hoover,  R.  Hrywniak,  A. 

R.  Iverson,  M.  G.  Johnson,  R.  J.  Karpa, 

L.  J.  J.  Kasmar,  N.  A.  Kopperud,  J.  R. 
Kowalishin,  E.  P.  Krip,  D.  D.  S.  Lang,  G. 
A.  Lawson,  G.  T.  Leader,  B.  S.  Lesiuk,  D. 
G.  Loehr,  W.  G.  Longman,  N.  Lucyk,  D.  G. 
Lukan,  P.  J.  MacDonald,  D.  L.  Mader,  P. 

M.  Maher,  D.  A.  Malley,  J.  K.  Mann,  L. 

S.  Manz,  J.  R.  McCorkell,  S.  R.  McCrim- 
mon,  R.  A.  McDonald,  N.  W.  McGrath, 

D.  C.  McLaughlin,  B.  N.  McLean,  D.  B. 
McLean,  G.  E.  McLean,  V.  M.  Meek,  P. 
I.  T.  K.  M.iolid,  G.  A.  Morrison,  W.  M. 
Nahirney,  W.  J.  Newis,  J.  J.  Q.  O’Brien, 
G.  T.  Olinyk,  R.  L.  Piché,  J.  Pidwerbesky, 

E.  M.  Piedt,  J.  D.  Poliquin,  L.  G.  Powell, 
R.  D.  Rutland,  N.  R.  Pillai,  D.  J.  Reiter, 
R.  P.  Rigelhof,  R.  R.  Rodgers,  D.  E.  Rose, 
G.  W.  Runolfson,  V.  H.  J.  Savoie,  V. 
Schmegelsky,  J.  H.  Schneider,  J.  G. 
Schram,  A.  C.  Schreiner,  G.  F.  Schuster, 
W.  A.  Scott,  R.  R.  Sedler,  D.  C.  Semkin, 
V.  J.  Sentis,  R.  A.  Semé,  D.  R.  Shenton, 
R.  D.  Silverthorn,  H.  Siwak,  L.  G.  Smith, 
M.  M.  Smith,  D.  W.  Snodgrass,  L.  G. 
Sokolon,  W.  L.  Sorensen,  L.  B.  Spiess,  K. 
E.  Stangland,  J,  Staseson,  J.  M.  Stone,  A. 
V.  Sulma,  M.  N.  S.  Swamy,  R.  F.  Thurm, 
D.  C.  Towle,  J.  T.  Undershute,  B.  E. 
Urbanoski,  E.  W.  Verigin,  D.  C.  Waind, 
M.  P.  Wenkoff,  K.  G.  Wetterstrand,  C.  G. 
White,  J,  C.  Wiebe,  E.  J.  Yee. 


NEW  BRUNSWICK 

Affiliate  to  Member:  R.  P.  Puddester. 


REPORT  OF  THE  ADMISSIONS 
COMMITTEE 

A number  of  applications  were  pre- 
sented for  consideration  and  on  the 
recommendation  of  the  Admission  Com- 
mittee, the  following  elections  and  trans- 
fers were  effected  at  a meeting  of  council 
on  April  14,  1962. 

Members:  P.  B.  Aitken,  Montreal;  W.  H. 
Arison,  Walkerville;  F.  J.  Artner,  Toronto; 
J.  J.  Asselstine,  Falconbridge;  J.  Bar, 
Montreal;  H.  J.  Bernat,  Montreal;  C.  A. 
Bunting,  Don  Mills;  G.  E.  Caswell,  Car- 
dinal; J.  Dumas,  Montreal;  C.  Festing, 
Woodstock;  F.  Gavsie,  Montreal;  W.  R. 
Geiger,  Montreal;  R.  M.  Gooderham.  Tor- 


onto; W.  L.  Haney,  Ottawa;  S.  H.  Husain, 
Sudan;  P.  R.  Jeffcoate,  England;  J.  C. 
Jofriet,  Toronto;  I.  Kallos,  Vancouver; 
G.  T.  Kaneb,  Cornwall;  R.  F.  Kilmartin, 
Topeka,  Kansas;  R.  W.  Knight,  Brampton; 
E.  Lanfranco,  Montreal;  G.  S.  Larocque, 
Montreal;  J.  W.  Libby,  Vancouver;  K.  L. 
MacCharles,  Winnipeg;  A.  R.  MacKenzie, 
Ottawa;  R.  E.  McBurney,  Ottawa;  G.  Mc- 
Gregor, Port  Hope;  S.  R.  Martin,  Kingston; 
G.  E.  Martyn,  London;  S.  K.  Mathur, 
Montreal;  F.  B.  May,  Montreal;  M.  Parker, 
Montreal;  R.  S.  Patton,  Port  Cartier;  G. 
A.  Rankin,  Port  Credit;  O.  W.  H.  Roberts, 
Victoria;  J.  W.  Robinson,  Don  Mills;  B. 
A.  Saharov,  Montreal;  D.  A.  Selby,  Mont- 
real; A.  Soosar,  Montreal;  W.  J.  Spain, 
Hamilton;  H.  L.  Thompson,  Edmonton;  P. 
von  Bulow,  Brampton;  J.  G.  White,  Sault 
Ste.  Marie;  D.  F.  Witherspoon,  Guelph; 
R.  Yong,  Montreal;  H.  G.  Zimmerling, 
Montreal. 

For  Admission  as  Associate  Member:  E. 
W.  Burgar,  Thailand;  I.  D.  Carnegie,  Scar- 
borough; W.  R.  F.  Duffell,  Calgary;  R.  D. 
Eaton,  Levack;  T.  D.  Ferguson,  Venezuela; 
A.  H.  Francis,  Montreal;  L.  D.  House, 
Toronto;  M.  E.  Kilfoil,  Saint  John,  N.B.; 
D.  I.  MacLeod,  Calgary;  Y.  Moshi,  Mont- 
real; D.  J.  Senior,  Montreal;  H.  J.  Thor- 
burn,  England;  D.  C.  Wong,  Vancouver. 

For  Transfer  from  Associate  Member  to 
Member:  T.  G.  Bowie,  Toronto;  W.  L. 
Larson,  Montreal;  D.  M.  Shah,  England; 

N.  Toye,  Hong  Kong.  ' 

For  Transfer  from  Student  to  Member: 

J.  S.  Crispin,  Montreal. 


STUDENTS  ADMITTED 
Ecole  Polytechnique:  B.  F.  Ashkar,  M. 
Bastien,  P.  Belanger,  G.  Bertrand,  P. 
Bhéreur,  J.  P.  R.  Blais,  J.  P.  Boulich,  J. 
P.  Bourdages,  J.  G.  P.  Cabana,  J.  P.  Caza, 
A.  Charbonneau,  D.  Coté,  A.  Couvrette, 
J.  A.  R.  Crev,ier,  A.  J.  DeBroux,  J.  A.  R. 
de  Grandpré,  R.  del  Salvador,  R.  Dervaux, 
J.  A.  G.  Desrochers,  R.  Dionne,  G.  Dupont, 
J.  J.  Dupré,  B.  A.  Genest,  J.  Gosselin,  V. 
Gravel,  P.  M.  Gremeaux,  G.  L.  Grenier, 
M.  Grenier,  G.  Grignon,  G.  Guay,  D.  Hac- 
coun,  P.  Heynemand,  J.  E.  G.  Houle,  G. 
Juneau,  D.  P.  Labelle,  P.  P.  Labelle,  C. 
Lachance,  J.  P.  Lacoursiere,  A.  Lafontaine, 
G.  Lamontagne,  M.  Lamontagne,  J.  Lamy, 
A.  Lanctôt,  L.  H.  J.  P.  Lariviere,  L.  La- 
vertu,  C.  Leblanc,  J.  M.  Loignon,  P.  Male- 
part,  E.  Maloney,  G.  Patenaude,  G. 
Payette,  G.  Pesant,  S.  Ricard,  J.  P.  Ro- 
berto, J.  C.  Rodrigue,  J.  Rompre,  J.  H. 
Roussy,  P.  St.  Onge,  G.  Soulieres,  L. 
Sziladi,  O.  Talbot,  B.  Talerman,  R.  Theoret, 
P.  A.  White. 

Queen's  University:  C.  F.  Blair,  K.  H. 
Boegh,  D.  M,  Bruce,  J.  C.  Burnett,  R.  A. 
Copp,  I.  W.  Davidson,  K.  D.  Does,  E. 
Exley,  G.  B.  Fenton,  J.  B.  Gilmour,  D.  B. 
Graham,  J.  W.  Green,  W.  K.  Lee,  B.  C. 
Mitchell,  P.  B.  Perrin,  R.  T.  Popple,  J. 
D,  Rannie,  E.  V.  Ryczko,  D.  H.  Smith,  S. 
W.  Spero,  P.  J.  Spooner,  R.  L.  Streich, 
I.  D.  Thom,  R.  J.  Twigg,  J.  M.  Van  Brunt, 
O.  J.  Weber,  E.  J.  Woolsey. 

St.  Mary's  University:  D.  E.  Borde,  A.  A. 
MacDonald,  I.  R.  de  Verteuil. 

Royal  Military  College:  J.  M.  J.  L.  Filion, 

T.  H.  Phelan,  A.  J.  Rodger. 

University  of  Toronto:  D.  C.  Newton,  I. 
C.  P.  Sturdee. 

Mount  Allison  University:  D.  G.  M.  Scott. 

University  of  Alberta  (Calgary):  D.  J. 

Aitken. 


McGill  University:  R.  D.  Brodie. 

Assumption  University  of  Windsor:  J.  F. 

Dalgleish. 

Coming  Events 

The  Engineering  Institute  of  Canada. 
75th  Annual  General  Meeting.  Mont- 
real. June  12-15. 

American  Nuclear  Society.  Eighth  An- 
nual Meeting,  Boston,  Mass.  June 

17- 21. 

American  Chemical  Society.  Division  of 
Medicinal  Chemistry.  Eighth  Annual 
Medicinal  Chemistry  Symposium. 
Boulder,  Col.  June  18-20. 

Canadian  Society  of  Agricultural  Engi- 
neering. Annual  Meeting.  Ottawa. 
June  18-20. 

American  Institute  of  Electrical  Engi- 
neers. Summer  General  Meeting.  Den- 
ver, Col.  June  18-22. 

Institute  of  Electrical  Engineers.  Sum- 
mer Meeting.  Mersey,  England.  June 

18- 22. 

The  Chemical  and  Petroleum  Engineer- 
ing Exhibition.  Olympia,  London, 
England.  June  20-30. 

American  Society  for  Testing  Materials. 
65th  Annual  Meeting.  New  York.  June 

24- 29. 

Institute  of  Radio  Engineers.  Sixth 
National  Convention  on  Military  Elec- 
tronics. Washington,  D.C.  June  25-27. 
American  Society  of  Heating,  Refriger- 
ating and  Air  Conditioning  Engineers. 
69th  Annual  Meeting.  Miami.  June 

25- 27. 

In.stitute  of  Radio  Engineers,  American 
Institute  of  Electrical  Engineers,  In- 
strument Society  of  America,  American 
Society  of  Mechanical  Engineers, 
American  Institute  of  Chemical  Engi- 
neers. Joint  Automatic  Control  Confer- 
ence. New  York.  June  27-29. 

Gordon  Research  Conference  on  Statis- 
tics in  Chemistry  and  Chemical  Engi- 
neering. New  Hampton,  N.H.  July 
30-August  3. 

American  Society  of  Mechanical  Engi- 
neers, American  Institute  of  Chemical 
Engineers.  Fifth  National  Conference 
on  Heat  Transfer.  Houston.  August 
.5-8. 

Engineering  Institute  of  Canada,  Ottawa 
Branch,  Ottawa  Valley  Golf  Meet  in 
celebration  of  the  Institute’s  75th  An- 
niversary. Arnprior  Golf  Club,  June  15. 

m 
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You  start  with  50  years  experience 

when  you  deal  with  LIQUID  AlR 


Every  time  you  specify  or  use 
Liquid  Air  products  or  processes, 
you  benefit  from  more  than  a 
half-century  of  engineering  and 
manufacturing  experience. 

Liquid  Air  engineers  and  scientists 
conduct  a continuing  program  of 
research  — in  the  production  of 
industrial  and  medical  gases,  oxy- 
acetylene  and  electric  arc  welding 


equipment,  electrodes  and  asso- 
ciated products,  with  emphasis  on 
practical  applications  in  industry. 
In  the  field  of  cryogenics,  also. 
Liquid  Air  has  continually  led  the 
way,  having  developed  the  first 
low-temperature  gas  separation 
plant  for  the  production  of  oxy- 
gen in  commercial  quantities. 
Today,  low-temperature  installa- 


tions designed  and  built  by  the 
Company  are  producing  vital  in- 
dustrial gases  — cutting  produc- 
tion costs  and  boosting  capacity 
in  steel,  chemical  and  petro- 
chemical plants  throughout  the 
world.  This  long  experience  backs 
the  wide-ranging  technical  serv- 
ices available  to  our  customers. 
Call  or  write  our  nearest  olfice. 


Canadian  LIQUID  AIR  Company 

LIMITED 

Branches,  plants,  sales  stores,  dealers  & depots  across  Canada. 


THE  ENGINEERING  JOURNAL  JUNE,  1962 


1 


Personals 


Benoit  Baribeau,  m.e.i.c.  (Ecole  Poly. 

43  ) , Assistant  to  the  President,  De- 
fence Construction  (1951)  Limited,  Ot- 
tawa, has  been  named  General  Manager 
of  Engineering  at  Quebec  Hydro-Electric 
Commission.  Mr.  Baribeau’s  experience 
includes  positions  as  assistant  to  the  plant 
engineer  at  the  Montreal  East  plant  of 
British  American  Oil  Co.  Ltd.;  resident 
engineer  on  \arious  projects  with  the 
consulting  firm  of  Surveyer,  Nenniger 
and  Chenevert;  and  as  branch  manager 
for  Quebec  and  director  of  European 
operations  in  Paris  for  Defence  Con- 
struction (1951)  Limited. 

Hugh  E.  Seely,  m.e.i.c.  (U.N.B.  ’47), 
former  chairman  of  tire  Hamilton  Branch 
of  the  Engineering  Institute  of  Canada, 
has  been  appointed  General  Sales  Man- 
ager of  Robertson-Irwin  Limited,  Hamil- 
ton. Mr.  Seely  lias  had  extensive  sales 
management  experience,  and  for  the  past 
few  years  he  lias  managed  the  com- 
pany’s Toronto  District  Office. 

Leo  Roy,  m.e.i.c.  (McGill  ’32,  Poly.  ’30) 
General  Manager,  has  been  appointed 
Executive  Assistant  to  the  President  at 
Quebec  Hydro-Electric  Commission.  Mr. 
Roy  was  associated  with  Shawinigan 
^Vater  and  Pow'er  Company,  and  with 
the  Quebec  Power  Company  for  14  years 
until  1946,  when  he  joined  Hydro-Que- 
bec. Mr.  Roy  was  former  Chaiiman  of 
the  Montreal  Branch  of  the  Engineering 
Institute  of  Canada.  He  is  vice-presi- 
dent of  the  Engineers  Confederation 
Commission. 

Glenn  H.  Curtis,  m.e.i.c.  (Toronto  ’48) 
has  been  elected  President  of  Stone  & 
Webster  Canada  Limited.  Mr.  Curtis 
is  the  first  Canadian  to  hold  this  posi- 
tion. Mr.  Curtis  joined  Stone  & Webster 
in  1955. 

Howard  Campbell,  m.e.i.c.  (McGill  ’40) 
has  been  promoted  to  Vice-President, 
Manufacturing  at  Canada  Starch  Co. 
Ltd.  Mr.  Campbell  has  been  manager 
of  the  company’s  plant  at  Cardinal,  Ont. 
since  19.57,  and  will  continue  in  this 
post.  Mr.  Campbell  joined  the  company 
in  1949. 

J.  D.  Chisholm,  m.e.i.c.  (McGill  ’23) 
has  retired  as  Manager  of  the  Filling 
Division  of  Canadian  Arsenals  Limited, 
after  16  years  as  head  of  the  Crown 
owned  munitions  plant.  Mr.  Chisholm 
held  the  position  of  Production  Manager 


of  Ammunition  Filling  plants  for  De- 
fence Industries  Limited  during  World 
W’ar  II.  Mr.  Chisholm  joined  the  Engi- 
neering Institute  as  a student  in  1922. 
Col.  William  A.  Capelle,  c.d.,  m.e.i.c., 
P.Eng.,  (Manitoba  ’32),  of  Ottawa,  has 
been  named  Special  Assistant  to  the 
Assistant  Deputy  Minister,  ( Construc- 
tion Engineering  and  Properties)  in  the 
Department  of  National  Defence. 

G.  L.  Bancroft,  m.e.i.c.  (U.B.C.  ’50)  has 
been  appointed  manager,  M^estern  Di- 
vision for  S.Mh  Hooper  & Co.  Ltd.  Mr. 
Bancroft’s  experience  includes  eight  years 
in  the  pulp  and  paper  and  allied  indus- 
trial machinery  sales,  as  well  as  me- 
chanical contracting,  and  four  years  in 
technical  sales  and  service  with  a major 
Canadian  chemical  company  in  Western 
Canada. 

.T.  W.  Hicks,  m.e.i.c.  (Toronto  ’59)  has 
been  appointed  Regional  Engineer  for 
the  Central  Region  of  International 
Underwater  Contractors  Limited.  Mr. 
Hicks’  duties  will  involve  all  facets  of 
lUC’s  construction,  as  well  as  under- 
\vater  consulting  activities,  which  will 
encompass  both  the  municipal  and 
marine  construction  fields.  Mr.  Hicks  will 
be  located  at  the  firm’s  offices  in  Scar- 
borough, Ont. 

L.  A.  Prudhoinme,  m.e.i.c.  ( Ecole  Poly. 
’44),  Maintenance  Superintending  Engi- 
neer, Regional  Operations  Division,  has 
been  named  General  Manager,  Supply 
Services  at  Quebec  Hydro-Electric  Com- 
mission. Mr.  Prudhomme  joined  Hydro- 
Quebec’s  Industrial  Department  in  1948 
after  four  years  at  the  Beauharnois 
power  house,  and  was  appointed  Re- 
gional Manager  of  its  Northwestern  Sys- 
tems in  1950.  In  1955,  he  became  Main- 
tenance Superintending  Engineer. 

Yvon  De  Guise,  m.e.i.c.  (Ecole  Poly. 
’37),  Assistant  Chief  Engineer,  Regional 
Operations  Division,  has  been  named 
General  Manager,  Operations  and  Sales 
at  Quebec  Hydro-Electric  Commission. 
Mr.  De  Guise  joined  Hydro  Quebec  in 
194.5,  and  has  held  positions  as  Opera- 
tions Engineer  at  Beauharnois;  Super- 
intending Engineer,  Operations  of  Power 
Stations.  He  was  a member  of  the  work- 
ing committee  which  prepared  the  con- 
trol and  regulation  plans  for  the  St. 
Lawrence  River,  and  is  now  a member 
of  the  International  St.  Lawrence  River 
Board  of  Control. 


Obituaries 

Wilfrid  Abell,  m.e.i.c.  died  Febniary 
26,  1962  in  Winnipeg.  Mr.  Abell  was  61. 
He  was  born  in  Keewatin,  Ontario  and 
came  to  Winnipeg  in  193'7.  He  became 
a member  of  the  Engineering  Institute 
of  Canada  in  1952.  He  is  survived  by 
his  widow,  a daughter,  two  sons  and  four 
grandchildren. 


James  Bertram  Hayes, 

m.e.i.c. 


James  Bertram  Hayes,  m.e.i.c.  (N.S.T.C. 
’16),  President  of  the  Engineering  In- 
stitute of  Canada  in  1946,  died  May  21 
at  Halifax.  He  was  in  his  70th  year. 

Mr.  Hayes  was  born  at  Springhill, 
N.S.,  and  received  his  education  there 
and  at  Mount  Allison  University,  Dal- 
housie,  and  Nova  Scotia  Technical  Col- 
lege. Immediately  after  graduating  in 
1916  he  joined  the  Canadian  Field  Ar- 
tillery, and  he  served  with  the  C.F.A. 
and  the  Royal  Canadian  Engineers  until 
1919. 

From  1919  until  1929  Mr.  Hayes  held 
a variety  of  positions  in  the  utility  field 
in  the  United  States  and  in  Jamaica, 
and  returned  to  Canada  to  become  the 
general  manager  of  the  Nova  Scotia 
Light  and  Power  Company  at  Halifax. 
He  retired  in  1948. 

Mr.  Hayes  joined  the  Institute  in  1920 
and  subsequently  served  on  the  execu- 
tive committee  of  Halifax  Branch.  He 
also  served  as  president  of  the  Canadian 
Electrical  Association,  the  Halifax  Board 
of  Trade,  and  the  Canadian  Transit  Asso- 
ciation. 

During  his  career  Mr.  Hayes  was  an 
active  participant  in  local  and  provincial 
affairs. 

Survivors  include  his  wife  and  a son. 

(Continued  on  page  129) 
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MESSAGE  EROM  THE  PRESIDENT 


The  engineering  institute  of  Ganada  stands  at  an  historic  milestone  in  its  progress.  Be- 
hind ns  lie  the  75  years  it  has  taken  to  reach  this  year,  the  Institute’s  Diamond  Jubilee.  Ahead  is 
a great  adventure:  the  opportunity  to  serve  Ganada  in  far  greater  measure  than  we  have  ever  done 
before. 

The  SEVENTY-FIVE  years  which  have  brought  us  to  this  milestone  have  witnessed  the  build- 
ing of  a great  institution,  the  Engineering  Institute  of  Ganada.  Our  Institute  is  founded  on  the 
solid  rock  of  engineering  achievement  which  has  made  this  land  what  it  is — the  home  of  free  men, 
not  afraid  of  hard  physical  labour,  but  with  the  value  of  that  labour  mightily  enhanced,  thanks  to 
the  great  power  developments,  transmission  systems  and  distribution  networks  which  bring  elec- 
tric service  to  virtually  all  citizens;  thanks  to  the  railways,  waterways,  highways  and  airways  which 
permit  easy  travel  almost  everywhere;  thanks  to  the  telecommunications  systems  which  not  only 
knit  the  cities,  villages  and  farms  of  Ganada  together,  but  also  join  us  to  our  fellow  men  around  the 
world;  and  thanks  to  our  great  forestry,  mining  and  manufacturing  enterprises  which  have  provided 
Canadians  with  a high  standard  of  living,  largely  by  enabling  us  to  enjoy  a notable  role  in  world 
markets. 

But  this  is  not  sufficient.  We  cannot  rest  on  our  laurels,  because  we  have  not  yet  looked  to 
our  obligations  as  we  should. 

WHAT  ARE  these  obligations?  I think  they  are  included  in  these  aspects  of  the  life  of  a truly 
professional  engineer: — 

I.  Each  engineer  should  add  his  strength  to  that  of  his  professional  fellows  by  participation 
in  the  activities  of  the  voluntary,  professional,  technical  society  of  his  choice.  I hope  it  is 
the  Engineering  Institute  of  Canada. 

2.  Each  engineer  should  make  available  to  the  community  in  which  he  lives  the  balanced, 
deliberative  counsels  he  is  so  well  qualified  to  give. 

3.  Each  engineer  should  play  such  role  as  he  can,  effectively,  in  the  collective  deliberations  of 
our  country,  the  role  for  which  his  training  as  an  engineer  qualifies  him. 

4.  Each  engineer  should  recognize  his  responsibility  to  the  Canadian  community  by  building 
up  the  engineering  heritage  our  professional  forebears  bequeathed  us. 

5.  Each  engineer  should  strive  to  make  the  maximum  contribution  he  can  towards  a full  un- 
derstanding of  the  problems  of  our  fellow  men  in  the  under-developed  countries:  towards 
helping  them  to  help  themselves. 

I KNOW  that  if  we,  as  Canadian  engineers,  will  put  our  shoulders  to  the  wheel  in  the  way  I 
have  indicated,  the  next  75  years  will  be  bright,  worthy  of  the  heritage  we  have  received.  Let  us 
be  worthy  of  it. 

For  my  part,  I am  humble  indeed  in  recognition  of  the  great  honour  you  have  done  me  in 
electing  me  to  that  office  which  so  many  great  Canadian  engineers  have  filled.  As  your  President, 
I hope  I can  contribute,  in  some  small  measure,  towards  making  the  Engineering  Institute  of  Canada 
capable  of  even  greater  service  to  our  Country  and  to  our  fellow  men. 


F.  L.  Lawton,  m.e.i.c. 

F resident,  1962-1963 
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MESSAGE  DU  PRESIDENT 


L INSTITUT  CANADIEN  DES  INGENIEURS  atteint  ime  étape  historique  de  son  existence.  Derrière  lui,  s’étend 
le  chemin  parcouru  jusqu’à  l’anniversaire  qu’il  fête  cette  année:  75  ans!  Devant  lui,  c’est  une  perspective  riche 
jde  grandes  possibilités;  l’occasion  de  servir  le  Canada  comme  jamais  encore  l’Institut  n’a  pu  le  faire. 

CES  75  ANNEES  ont  vu  s’édifier  une  grande  institution:  l’Institut  canadien  des  ingénieurs.  Celui-ci  repose  sur  une 
base  solide,  celle  des  réalisations  techniques  qui  ont  fait  de  notre  pays  ce  qu’il  est:  une  patrie  d’hommes  libres  ne 
lcraignant  pas  le  dur  labeur  physique  mais  conscients  de  l’aide  incomparable  que  leur  apportent  les  grandes  réalisa- 
itions  techniques  de  notre  époque:  centrales  électriques,  réseaux  de  transport  et  de  distribution  qui  mettent  à la  dis- 
position de  presque  tous  les  citoyens  les  merveilles  de  l’énergie  électrique;  chemins  de  fer,  voies  d’eau,  routes,  lignes 
aériennes  qui  rendent  nos  déplacements  si  faciles;  systèmes  de  télécommunication  qui  relient  les  uns  aux  autres  non 
jseulement  nos  cités,  nos  villages,  nos  fermes,  mais  multiplient  les  contacts  avec  l’humanité  toute  entrière;  enfin, 
nos  grandes  industries  forestières,  minières  et  manufacturières  qui  ont  assuré  aux  Canadiens  un  niveau  de  vie  si 
lélevé  en  même  temps  qu’ils  leur  permettaient  de  jouer  un  rôle  important  sur  les  marchés  mondiaux. 

I 

Mais  cela  ne  suffit  pas.  Nous  ne  pouvons  nous  reposer  sur  nos  lauriers,  parce  que  nous  n’avons  pas  encore 
rempli  toute  notre  tâche  ni  accompli  tout  ce  qu’on  attend  de  nous. 

I 

Quelles  sont  nos  obligations?  En  voici  quelques-unes,  et  je  crois  qu’elles  font  partie  intégrante  de  l’existence 
^ du  véritable  ingénieur. 

, 1.  Tout  ingénieur  doit  s’associer  aux  efforts  de  ses  collègues  en  participant  à toutes  les  activités  volontaires,  pro- 

fessionelles  et  techniques  du  groupement  auquel  il  a choisi  d’appartenir.  J’espère  que  c’est  l’Institut  canadien 
' des  ingénieurs. 

' 2.  Tout  ingénieur  doit  avoir  à coeur  de  transmettre  à la  communauté  à laquelle  il  appartient  les  conseils  réfléchis 

I et  impartiaux  que  son  expérience  particulière  a pu  lui  inspirer. 

3.  Tout  ingénieur  se  doit  de  participer  aux  délibérations  collectives  de  son  milieu  et  d’y  occuper  le  rang  pour 
j lequel  sa  formation  professionnelle  le  qualifie  si  bien. 

4.  Tout  ingénieur  doit  être  conscient  de  ses  responsabilités  envers  la  communauté  canadienne,  en  faisant  fructi- 
I fier  l’héritage  de  connaissances  techniques  que  lui  ont  transmis  ses  devanciers. 

5.  Tout  ingénieur  doit  contribuer  autant  qu’il  le  pourra  à une  meilleure  compréhension  des  problèmes  de  nos 
; semblables  vivant  dans  les  pays  sous-développés,  tout  en  les  aidant  à s’aider  eux-mêmes. 

JE  SUIS  CONVAINCU  que  si  nous,  ingénieurs  canadiens,  nous  nous  attelons  à la  tâche  que  je  veins  de  résumer, 
les  75  prochaines  années  de  notre  Institut  seront  belles  et  dignes  de  l’héritage  que  nous  avons  reçue.  A nous  d’être  à 
I la  hauteur  de  l’avenir  qui  s’annonce. 

POUR  MA  PART,  en  toute  humilité,  j’accepte  l’honneur  que  vous  me  faites  en  m’élevant  à ce  poste  que  tant  d’é- 
minents ingénieurs  canadiens  ont  occupé  avant  moi.  A titre  de  président,  j’espère  pouvoir  contribuer,  au  moins  dans 
; une  modeste  mesure,  aux  très  grands  services  que  notre  pays  et  nos  semblables  sont  en  droit  d’attendre  de  l’Institut 
canadien  des  ingénieurs. 


F.  L.  Lawton,  m.e.i.c. 
Président,  1962-1963. 
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Amherst 

G.  C.  L.  McEnery,  m.e.i.c. 

Correspondent 

Tile  Branch’s  meeting  at  the  Fort 
Cumberland  Hotel  April  13  was  ori- 
ented towards  the  interests  of  senior 
engineering  students  at  Mount  Allison 
University.  W.  D.  Hagan,  Chairman 
of  the  Branch,  introduced  Dr-  Henry 
Hicks,  Vice-President  and  Dean  of  Arts 
and  Science  at  Dalhousie  University, 
who  addressed  the  students  on  the  many 
opportunities  available  to  graduate  engi- 
neers in  the  business  world  of  today. 
Dr.  Hicks  suggested  that  since  engi- 
neers are  being  asked  to  move  into  the 
fields  of  management  and  administra- 
tion, engineering  students  need  more 
than  the  technical  knowledge  they  re- 
ceive in  their  undergraduate  course.  In 
these  fields,  the  graduate  engineer  may 
find  himself  ill-equipped  to  cope  with 
the  problems  which  may  arise.  He  urgecl 
students  to  take  extra  courses  and  to  do 
extra  reading  to  prepare  themselves  for 
any  added  responsibilities.  Dr.  Hicks  was 
thanked  by  R.  D.  Meinnis,  President 
of  the  Engineering  Society  at  Mount  Al- 
lison University. 

Special  guests  at  this  meeting  in- 
cluded Dr.  F.  L.  West,  Vice-President 
of  Mount  Allison  University  and  M.  T. 
Avard  of  Amherst. 

BeUeville 

A.  F.  G.  Tooth,  M.E.I.C. 

Correspondent 

On  March  12,  the  Branch  held  a din- 
ner meeting  at  the  Shrine  Club.  E.  A. 
Cross,  Ontario  Regional  Vice-President 
of  the  Engineering  Institute  of  Canada, 
and  Col.  T.  M.  Medland,  Executive 
Director  of  the  Ontario  Association  of 
Professional  Engineers  were  the  guest 
speakers.  W.  N.  Throop  introduced  both 
guests  who  spoke  on  Confederation. 

Mr.  Cross  traced  the  growth  of  the 
Institute  from  its  fonnation  in  1887, 
when  it  was  known  as  the  Canadian 
Society  of  Civil  Engineers,  through  to 
1918  when  it  became  the  Engineering 
Institute  of  Canada  encompassing  all 
fields  of  engineering. 

The  Confederation  Commission  was  or- 
ganized to  study  the  proposed  unification 
of  the  Institute  and  the  provincial  associ- 
ations, and  to  present  a report.  This  report 


is  now  being  studied  by  the  Institute  and 
the  iirovincial  associations.  Evidently, 
there  are  several  problems  to  be  settled 
before  Confederation  is  acceptable  to 
both  engineering  bodies.  Col.  Medland 
confirmed  the  problems  mentioned  by 
Mr.  Cross.  Both  speakers  were  thanked 
by  J-  A.  Grant  for  their  talks  on  a sub- 
ject which  is  of  importance  to  all 
engineers. 

Border  Cities 

William  J.  Luciani, 

Correspondent 

The  Branch  held  its  second  annual 
students  “paper  night”  March  12  in  the 
new  Esse.x  College  auditorium.  The 
students  were  chosen  by  members  of 
the  university  faculty.  The  talks  were 
based  on  thesis  worked  on  during  the 
year.  Cash  prizes  were  awarded  to  Wes- 
ley M.  Brigden,  who  .spoke  on  “Micro- 
wave  Amplification  by  the  Stimulation 
Emission  of  Radiation”;  Paul  S.  Dun- 
seath,  “The  Photovoltic  Effect  — Its 
Efficiency  and  Uses”;  David  J.  Peach, 
“Pumped  Storage  Plant  to  Handle  Power 
at  Peak  Loads”  and  Michael  W.  Prince, 
“Model  Analysis  of  Structures”. 

In  addition,  an  Engineering  Institute 
of  Canada  proficiency  award  and  prize 
were  presented  to  Gary  S.  Dunlop,  a 
1961  engineering  graduate  from  Wind- 
sor. The  award  is  presented  annually  to 
a student  for  his  competition  in  engi- 
neering courses  and  his  work  with  engi- 
neering societies. 

Harris  Chapman,  m.e.i.c.  Engineering 
Consultant  in  Windsor  was  the  guest 
speaker  at  the  Branch’s  April  12  meet- 
ing. The  title  of  his  talk  was  “The 
Engineer  and  the  Price  System”.  This 
was  essentially  a talk  on  applied  econo- 
mics, dealing  with  the  effect  of  the 
economy  on  engineers,  and  the  engineers’ 
effect  on  economy.  Mr.  Chapman  gave 
an  accounting  calculation  of  the  value 
of  an  engineer  to  the  economy.  This  was 
demonstrated  by  the  use  of  a chart 
showing  Canada’s  economic  figures  and 
its  industrial  ownership  over  the  past 
few  years. 

Brockville 

A.  N.  Campbell,  m.e.i.c- 

Correspondent 

A.  G.  Stewart,  Manager,  Industrial 


J 


Products  Division,  Automatic  Electric!, 
Sales  (Canada)  Limited,  Brockville,' 
Ont.,  was  the  guest  speaker  at  the 
Branch’s  March  6 meeting.  The  title  of 
his  talk  was  “Visual  Communications”, 
in  which  he  reviewed  briefly  the  his- 
tory of  both  visual  and  audible  com-l; 
munications,  and  television.  The  validity 
of  the  use  of  television  as  an  entertain-  ;; 
ment  medium  was  questioned  and  exa-h 
mination  was  made  of  the  potential  that  '.l 
television  holds  as  a means  of  visual  j - 
communication  in  commerce,  industry  i: 
and  education.  There  is  a large  group  ji; 
of  people  now  bent  on  exploiting  closed  j 
circuit  television  to  the  fullest  extent  in 
the  fields  mentioned.  The  problems  of 
cost,  comple.xity  and  reliability  which  | 
arose  in  the  early  days  of  closed  dr-  j! 
cuit  television  have  now  been  overcome. 


Mr.  Stewart  supplemented  his  talk 
with  color  slides  showing  various  types 
of  the  latest  in  television  equipment 
and  some  of  the  most  recent  installa- 
tions and  uses  of  typical  direct  wire 
television  equipment.  A closed  circuit 
television  installation  was  set  up  and  a 
demonstration  was  presented.  The  dis- 
play illustrated  vividly  that  direct  wire 
television  can  play  an  extremely  import- 
ant part  in  most  fields  including  those 
of  commerce,  industry  and  education. 
Mr.  Stewart  was  thanked  by  D.  B- 
Ashenden. 


Cape  Breton 

Lloyd  Boutilier,  m.e.i.c. 

Correspondent 

The  Branch  held  a meeting  on  March 
1 at  which  Capt.  E.  S.  Brand,  Director, 
Marine  Operations,  Ottawa,  was  the 
guest  speaker.  He  spoke  on  Ice  Break- 
ing Operations,  and  said  that  ice  break- 
ing operations  are  necessary  because 
throughout  the  last  four  years,  several  || 
large  industries  in  the  Seven  Islands,  [t 
Port  Cartier,  and  south  shore  areas  have 
decided  to  operate  12  months  per  year. 
Such  areas  require  trade  and  supplies  j 
to  maintain  their  economies  and  con- 
tinue their  growth.  The  Federal  Govern-  ! 
ment  was  forced  to  meet  this  problem  j 
and  supplied  ice-breakers  to  keep  the 
shipping  lanes  open  throughout  the  j 
winter.  | 

(Continued  on  paee  148)  !i 
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Grinnell 
Pipe  Hangers 
play  big 

supporting  role  at 
Canadian  Petrofina 
refinery! 


:'ome  120  miles  of  piping  are  engineered  into  the 
10,000  bpd  Canadian  Petrofina  refinery.  Many  of 
jiese  lines  posed  critical  stress  problems  — prob- 
j:ms  solved  with  Grinnell  Pipe  Hangers. 

I To  prevent  stress  at  terminal  and  other  points  in 
he  hot,  shifting,  reactor  effluent  and  main  steam 
ïnes,  Petrofina  uses  Grinnell  Constant  Support 
[langers.  They  provide  mathematically  perfect, 
iniform  supporting  force  equal  to  the  piping  load 
tt  all  positions  of  travel. 

Grinnell  Variable  Support  Hangers  counter- 
l|)alance  bellow  expansion  joints  on  catalyst  lines. 
^ ifemperatures  here  range  from  70°  to  1100°  F and 
• biping  expands  10"  per  100  feet. 

I Other  Grinnell  supports  and  sway  braces  keep 
piping  under  control  at  many  locations  in  this  mod- 
jern  refinery.  Whatever  your  pipe  support  problems, 
(Grinnell  has  the  hangers,  the  engineering,  the  in- 
jstallation  experience  to  solve  them, 
i Write  Grinnell  Company  of  Canada, 

(Ltd.,  Edmonton,  Montreal, Toronto, 

( Vancouver,  Winnipeg. 


GRINNELL  sfe 


Grinnell  81-H 


Constant 
Support  Hanger 


CANADA’S  #1  SUPPLIER  OF  PIPE  HANGERS  AND  SUPPORTS 


Grinnell  80-V 
Constant 
Support  Hanger 


Grinnell  200  Hydraulic 
Shock  and  Sway  Suppressor 


Grinnell  Type  F 
Spring  Hanger 
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Library  Notes 


Prepared  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 

BOOK  REVIEW 

“introduction  to  physical 
GEOLOGY,  2nd  ED. 

In  this  revision  little  change  has  been 
made  in  the  general  order  of  treating 
major  subjects,  but  most  parts  of  the 
text  have  been  reorganized,  rewritten, 
and  considerably  amphfied  to  make  the 
presentation  clearer  and  more  up-to- 
date.  Many  diagrams  and  half-tones  have 
been  replaced,  and  the  total  space  given 
to  illustrations  increased  by  more  than 
fifty  percent.  An  innovation  is  the  in- 
clusion of  precise  definitions  of  geologic 
terms  within  the  pages  of  the  text  de- 
voted to  subject  matter  with  which  the 
terms  are  concerned.  A brief  summary  at 
the  end  of  each  chapter  has  also  been 
added.  (C.  R.  Longwell  and  R.  F.  Flint. 
New  York,  Wiley,  1962.  504p.,  $7.95.) 

“vector  mechanics 

FOR  ENGINEERS,  PART  I:  STATICS. 

The  foundations  of  formal  vector 
methods  are  presented  in  an  orderly 
manner,  to  increase  the  engineering  stu- 
dent’s understanding  of  elementary 
mechanics  and  to  establish  a framework 
for  more  advanced  analysis.  The  editor 
and  the  four  other  contributors  are  all 
on  the  staff  of  Case  Institute  of  Tech- 
nology. (H.  R.  Nara.  New  York,  Wiley, 
1962.  4.5.5p.,  $6.50.) 


“numerical  methods  in 
ENGINEERING,  2nD.  ED. 

This  second  edition  preserves  the  es- 
sential structure  of  the  original  work, 
while  at  the  same  time  extending  its 
scope  through  numerous  additions  and 
extended  treatment  of  certain  of  the 
original  topics.  The  author  covers  the 
practical  solution  of  algebraic  and  tran- 
scendental equations,  finite  differences 
and  their  applications,  the  numerical  in- 
tegration of  initial  value  problems,  the 
numerical  integration  of  ordinary  boun- 
dary value  problems,  and  the  numerical 
solution  of  partial  differential  equations. 
Written  from  the  engineer’s  point  of 
view,  this  work  is  applicable  to  all  fields 
of  engineering  and  applied  science.  (M. 
G.  Salvador!  and  M.  L.  Baron.  Engle- 
wood Cliffs,  Prentice-Hall,  1961.  302p., 
$10.65.) 


“analysis  of  bistable 

MULTIVIBRATOR  OPERATION. 

An  extended  analysis  of  the  transient 
behavior  of  the  bistable  multivibrator 
circuit.  This  edition  has  been  enlarged 
by  an  extra  chapter  which  contains  some 
actual  bistable  multivibrator  circuits  and 
binary  or  decimal  counters  composed  of 
such  circuits.  (P.  A.  Neeteson.  New  York, 
Rider,  1961.  92p.,  $2.90.) 


“automatic  control  SYSTEMS 

A comprehensive  treatment  of  the 
principles  and  techniques  utilized  in  the 
analysis  and  design  of  feedback  control 
systems.  Starting  with  a review  of  the 
mathematical  background  of  control  sys- 
tems, the  theory  of  feedback  is  de- 
veloped from  a general  point  of  view. 
Techniques  discussed  are  frequency  do- 
main (using  Nyquist  criterion.  Bode  plot, 
and  Nichols  chart),  root  locus,  and  root 
contour.  The  book  is  so  prepared  that  it 
can  be  used  for  either  a first  or  an  in- 
termediate course  in  servomechanisms. 
A knowledge  of  basic  circuit  theory  is 
assumed.  (B.  C.  Kuo.  Englewood  Cliffs, 
Prentice-Hall,  1962.  504p.,  $16.00.) 


“a  writer’s  guide  for 

ENGINEERS  AND  SCIENTISTS. 

Using  a practical  approach,  this  guide 
first  analyzes  the  common  problems  of 
writing  in  any  technical  field,  and  then 
presents  positive  method  for  dealing  with 
them. 

Examples  of  effective  writing  are 
given  for  both  general  and  specific  pre- 
sentations, taken  from  published  reports 
and  articles.  (R.  R.  Rathbone  and  J.  B. 
Stone.  Englewood  Cliffs,  Prentice-Hall, 
1962.  348p.,  $7.95.) 


THE  ENGINEERING 
INSTITUTE  LIBRARY 

The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library,  and  may  be  borrowed 
by  inembers  of  the  Institute.  Two 
items  may  be  borrowed  at  one 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.m.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mansfield 
Street,  Montreal. 


/ 


“design  of  machine  elements,  3rd.  ed. 


In  this  edition  the  author  has  simpli- 
fied and  streamlined  analytical  tech-  ^ 
niques  used  for  the  design  of  the  various  ^ 
machine  elements.  He  first  covers 
theories  of  mechanics  and  strength  of 
materials,  proceeding  on  to  stress  con- 
centration and  repeated  loading.  He  then' 
discusses  in  detail  such  basic  machine 
members  as  shafts,  springs,  screws,  bear- 
ings, gears,  cams,  and  press  fits.  The 
concluding  chapters  cover  correct  dimen- 
sioning and  detailing,  and  metallurgical 
properties  of  engineering  materials.  (M.l 
F.  Spotts.  Englewood  Cliffs,  N.  J.,  Pren-f 
tice-Hall,  1961.  583p.,  $13.35.) 


” SYMPOSIUM  ON  FIRE 
TEST  METHODS. 


Information  on  the  techniques  and»] 
evaluation  of  fire  tests  is  presented  inf 
this  volume.  The  papers  included  deal] 
with  pioneer  attempts  to  simulate  actual 
conditions  in  a burning  structure,  pre- 
diction of  fire  test  results,  a new  beam 
furnace,  and  a survey  of  test  methods 
and  comparison  of  results  when  measur- 
ing surface  flammability  of  materials. 
(Philadelphia,  American  Society  For 
Testing  and  Materials.  1961.  82p.,  $3.25. 
s.t.p.  no.  301). 


'THE  SCIENCE  OF  DAYLIGHT. 


From  the  diversified  literature  of  phy- 
sics, architecture,  photo-biology,  color, 
and  law,  the  author  has  attempted  to 
draw  together  an  ordered  account  of  re- 
search on  daylight.  Of  particular  interest 
to  engineers  are  the  chapters  on  the 
design  of  windows,  daylight  requirements 
for  buildings,  dayli^t  calculation  by 
graphical  and  non-graphical  methods, 
and  sunlight  control.  There  is  also  a 
chapter  on  the  legal  protection  of  day- 
light. (J.  W.  T.  Walsh.  London,  Mac- 
donald, 1961.  285p.,  £2.) 


“metallurgy  IN  THE 
SERVICE  OF  MAN. 

The  field  of  metallurgy  is  reviewed 
both  in  its  general  principles  and  in 
its  industrial  application.  Individual 
chapters  discuss  mineral  dressing;  ex- 
tractive metallurgy;  production  of  iron 
and  steel;  cast  iron  and  ferro-alloys; 
mechanical  properties  and  shaping  of 
metals;  non-ferrous  metals;  light-weight 
metals;  uranium;  and  minor,  precious, 
and  rare  metals.  (W.  H.  Dennis.  London, 
Macdonald,  1961.  372p.,  45/—.) 

(Continued  on  page  128) 
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Here  are  more  sketches  drawn  by  Terence 
Cuneo  at  the  Barrow  Works  of  Vickers- 
Armstrongs  {Engineers)  Ltd.  Both  drawings 
feature  transport  propulsion,  one  of  the  activi- 
ties of  the  Vickers  Group  of  Companies  that 
has  received  mention  before  in  this  series.  The 
drawing  of  the  marine  engine  gives  some  idea 
of  the  size  of  job  undertaken  at  Barrow  Works. 
Starling  in  iSys  these  Works  of  the 
Engineering  Company  now  cover  88  acres  and 
employ  about  8000  people  exclusive  of  the 
Ship-building  Company  Works  which  cover  a 
further  Or  acres  and  employ  an  additional 
4§oo  people  at  Barrow. 
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• Library  Notes 

(Continued  from  page  124) 


“mechanical  properties  of 

ENGINEERING  CERAMICS. 

A collection  of  papers  presented  at  a 
conference  held  at  North  Carolina  State 
College  in  1960.  The  papers  are  divided 
into  five  sections  which  deal  with  im- 
perfections and  deformation  processes, 
thermal  stress  and  mechanical  properties, 
the  mechanical  properties  of  oxide  cera- 
mics, the  mechanical  properties  of  gra- 
phite, and  the  mechanical  properties  of 
non-oxide  ceramics.  While  attention  is 
concentrated  to  some  degree  on  refrac- 
tory, non-metallic,  and  crystalline  solids, 
this  volume  also  presents  research  on  re- 
lated materials  including  alkali  halides, 
brittle  alloys  and  semi-conductors,  un- 
usual glasses,  and  composites.  (Ed.  by 
W.  W.  Kriegel  and  Hayne  Palmour.  New 
York,  Interscience,  1961.  646p.,  $21.00.) 

“introduction  to  space  dynamics. 

Intended  for  the  intermediate  or 
graduate  level  of  instruction  this  text 
begins  with  essentials  of  vector  algebra 
and  kinematics  througli  tire  general  case 
of  space  motion  in  moving  coordinates. 
It  goes  on  to  discuss  such  topics  as:  co- 
ordinates for  space  motion  and  orbits  in 
a central  force  field;  gyrodynamics  and 
gyroscopic  theory  as  applied  to  instru- 
ments, missiles,  and  satellites;  the  at- 
titude of  spinning  rockets,  mis,siles,  and 
satellites;  optimization  of  multistage 
rockets,  trajectories,  and  orbit  transfer 
problems;  and  the  generalized  theory  of 
dynamics.  (W.  T.  Thomson.  New  York, 
Wiley,  1961.  317p.,  $11.50.) 


SPECIALISTS  IN 


“stability  by  Liapunov’s 

DIRECT  method  WITH  APPLICATIONS. 

A detailed  and  elementary  account  of 
Liapunov’s  second  method.  This  is  the 
only  general  method  now  available  for 
the  study  of  stability  of  nonlinear  systems 
and  has  both  practical  and  theoretical 
applications.  Certain  mathematical  es- 
sentials are  reviewed  at  outset  and  are 
followed  by  numerous  examples  illustrat- 
ing applications  of  the  method.  (Joseph 
La  Salle  and  Solomon  Lefschetz.  New 
York,  Academic,  1961.  134p.,  $5.50.) 


“management  models  and 

INDUSTRIAL  APPLICATIONS  OF 
LINEAR  PROGRAMMING.  VOLUME  2. 

The  present  volume  complements  the 
introductory  material  of  volume  1 
through  “model  types”  which  have  been 
derived  from  actual  experience.  Trans- 
portation type,  incidence  type,  coupled 
and  dyadic  models  are  presented,  as 
well  as  subdual  and  double-reverse 
metliods.  A section  is  devoted  to  an  oil 
pipehne  model,  and  some  extensions  of 
game  theory  are  presented.  A lengthy 
bibliography  is  included.  (A.  Charnes  and 
W.  W.  Cooper.  New  York,  Wiley,  1961. 
p.  469-859,  $11.75.) 


“methods  engineering: 

DESIGN  & MEASUREMENT  OF 
WORK  METHODS. 

The  author  presents  principles  and 
practice  with  a critical  evaluation  of 
methods.  He  applies  the  work  of  psycho- 
logists and  engineers  to  methods  design 
and  presents  new  means  of  rating  work 
measurement.  Unbalance  and  variation 


“A  Report  on  the  Education  and 
Training  of  Professional  Engineers 
in  the  United  States”,  published 
by  the  Engineers’  Council  for 
Professional  Development  is  avail- 
able to  members  of  the  Engineer- 
ing Institute  of  Canada  at  $3.25 
per  copy.  Further  information  may 
be  obtained  by  writing  to;  Elsie 
Murray,  Executive  Secretary,  En- 
gineers’ Council  for  Professional 
Development,  345  East  Forty- 
Seventh  Street,  New  York  17,  N.Y. 


in  production  capabilities  are  discussed, 
and  finally  the  administration  of  per- 
sonnel  and  performance  in  the  methods 
engineering  function  is  evaluated.  The  It 
appendices  contain  some  individual  || 
methods  and  tables.  (E.  V.  Krick.  New  ji 
York,  Wiley,  1962.  530p.,  $10.75.) 

j 

“moment  distribution.  I 

This  method  of  analysis  for  rigid-  i 
jointed  structures  is  intended  to  be  a ,! 
continuation  of  Continuous  Frames  in 
Reinforced  Concrete,  by  Cross  and  ' 
Morgan,  with  the  addition  of  some  new  i 
design  procedures.  The  elastic  method 
for  either  prismatic  or  haunched  recti-  : 
linear  and  inclined  members,  curved 
members,  and  circular  tanks  are  dis-  ' 
cussed.  The  applications  of  moment  dis- 
tribution to  allow  for  shearing  and  axial  ' 
forces,  elastic  beam-column  connections, 
and  elastic  instability  are  also  presented. 
(Edgar  Liglitfoot.  London,  Spon,  1961. 
363p.,  67/6.)  j 

“the  influence  of  temperature 
ON  the  MECHANICAL  PROPERTIES  OF 
METALS  & ALLOYS. 

In  this  translated  Russian  treatise  the 
author  examines  mechanical  properties  j 
and  their  relation  to  the  internal  struc- 
ture of  solids,  mechanisms  of  plastic  de- 
formation, and  general  physiochemical 
relations.  He  discusses  the  influence  of  j 
temperature  on  the  mechanical  proper-  ! 
ties  of  monomorphic  and  polymorphic  1 
metals,  metalhc  compounds,  and  alloys 
in  eutectic  and  solid-solution  systems. 
Lastly,  criteria  are  given  for  selecting 
optimum  conditions  for  hot-working  al- 
loys. (E.  M.  Savitsky.  Stanford,  Uni- 
versity Press,  1961.  303p.,  $9.00.) 

“scientific  FOUNDATIONS  OF 
VACUUM  TECHNIQUE,  2nD.  ED, 

The  basic  science  of  all  the  operations 
of  the  production  and  measurement  of 
high  and  ultra-high  vacuum  is  incorporat- 
ed in  this  volume  together  with  practical 
technology.  The  production,  measure- 
ment, and  utilization  of  vacua  are  related 
to  fundamental  concepts  of  kinetics  and  j 
sorption.  The  staff  of  General  Electric  > 
Research  Laboratory  has  enlarged  the  ; 
1949  edition  and  has  added  new  material  ' 
to  the  text  and  the  references.  (Saul 
Dushman.  New  York,  Wiley,  1962.  806p.,  | 
$19.50.) 

(Continued  on  page  177) 
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1962  CONFERENCES 


OF  PARTICULAR  INTEREST  TO  E.  I.  C.  MEMBERS 


Following  is  a tentative  list  of  conferences  to  be  held  later  this  year  either  totally 
or  partially  under  the  sponsorship  of  the  Institute.  Further  details  will  be  carried  on 
a regular  basis  in  the  pages  of  the  Engineering  Journal. 


August  24  - 25  Baie  Comeau  Regional  Conference 

September  12  - 14  Edmonton  Conference 

September  13  - 14  Soil  Mechanics  Conference,  Edmonton 


JOINT  NRC  - EIC 


October 


Autumn 


Chemical  Engineering  Conference,  Sarnia 

JOINT  CIC  - EIC 

Newfoundland  Regional  Conference 


Obituaries 

I (Continued  from  page  116) 

I 

I Mrs.  Frederick  Perry  Shearwood  died 
I April  18,  1962,  in  Montreal.  She  was 
j 94.  Mrs.  Shearwood  was  one  of  the 
I earliest  women  students  to  attend  Mc- 
1 Gill  University  from  which  she  gradu- 
I ated  in  1890.  After  graduation,  she 
j worked  for  the  Canadian  Society  of  Civil 
Engineers  which  in  1918  became  the 
I Engineering  Institute  of  Canada.  She 
I was  married  in  1898  to  the  late  F.  P. 
j Shearwood,  and  was  active  in  church 
and  charitable  work  including  the  Wo- 
I men’s  Auxiliary  of  Christ  Church  Ca- 
thedral, and  the  Alumnae  Society  of 
McGill  University.  In  later  years  she 
was  interested  in  the  Canadian  Authors 
Association  and  had  published  three 
books  on  Canadian  subjects  including, 
By  Word  and  Water,  and  had  contributed 
many  articles  to  periodicals.  Her  hus- 
band died  in  1956.  Surviving  are  one 
son,  A.  P.  Shearwood,  a daughter,  Mrs. 
C.  F.  Furse,  and  four  grandchildren. 

H.  R.  Younger,  life  m.e.i.c.  died  Sep- 
tember 18,  1961.  Mr.  Younger  gradu- 
ated from  McCill  University  in  1910 
with  a Bachelor  of  Science  Degree  in 
Civil  Engineering.  He  became  an  As- 
sociate Member  of  the  Engineering  In- 
stitute in  1913,  a full  member  in  1940, 
and  a Life  Member  in  1948. 

Ilew  Martin  Scott,  life  m.e.i.c.  died 
early  this  year.  He  became  a Life  Mem- 
ber of  the  Engineering  Institute  of  Can- 
ada ill  1955,  and  had  been  a member 
of  the  Institute  since  1920. 
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right  from  the  start,  with  integrated  planning 


If  your  expansion  program  involves  instrumentation, 
the  instrument  manufacturer  belongs  on  your  plan- 
ning team.  □ He  can  help  you  get  a more  efficient 
system . . . especially  if  he  has  the  facilities,  experience 
and  broad  range  of  products  that  Honeywell  provides. 
So  complete  is  Honeywell  instrumentation  service 
that  it  can  shoulder  complete  responsibility  for  any 
instrumentation  assignment  : from  initial  planning  to 
system  layout,  equipment  procurement  and  selection, 
histallation,  check-out,  start-up  and  maintenance. 
That’s  why  Honeywell  can  be  of  so  much  help  in 
planning.  □ Honeywell  systems  engineers  have  ex- 
perience in  instrument  applications  on  a wide  range 
of  industrial  processes.  Their  experience  will  enrich 
your  own  process  knowledge  in  planning  sessions. 
They’re  available  to  work  with  your  engineering  and 

Honeywell 


production  personnel,  your  consultants  and  equip- 
ment suppliers,  on  any  aspect  of  instrumentation. 
If  y ou  wish,  they’ll  devise  a complete  control  system  for 
your  process,  working  to  your  specifications.  That 
way,  you  merely  specify  results.  You  need  no  longer 
shop  for  hardware.  You  won’t  need  to  overload  your 
present  staff'.  You’re  spared  the  problem  of  trying  to 
recruit  scarce  specialists  for  a short-term  peak-load 
problem.  And  you  gain  a system  that’s  produced  by 
control  specialists  from  start  to  finish.  □ Whether  you 
need  a single  instrument  or  a complete  system, 
Honeywell  has  the  world’s  widest  range  of  control 
equipment,  Canada’s  most  experienced  staff  of  instru- 
ment specialists.  For  further  information,  call  your 
nearest  Honeywell  office  or  write  Honeywell  Controls 
Limited, Industrial  Products  Group, Toronto  i7,Ontario. 
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Appointments  and  Transfers 


Joseph  Black  has  been  appointed  Man- 
ager of  the  Tanker  Division  of  Truck 
Engineering  Limited,  Woodstock,  Ont. 
Mr.  Black  has  served  for  more  than  26 
years  in  the  design  engineering,  produc- 
tion and  sales  of  tanker  units.  Initially, 
Mr.  Black  will  be  located  at  the  com- 
pany’s headquarters  in  Woodstock.  He 
will  later  be  transferred  to  the  Toronto 
office  at  Re.xdale. 

John  L.  McGavin  has  been  appointed 
Manager  of  the  Windsor  branch  of  Bur- 
roughs Business  Machines  Ltd.  Mr.  Mc- 
Gavin joined  Burroughs  in  1948  as  a 
sales  representative  in  Winnipeg  w'here 
he  remained  until  1953,  when  he  was 
transferred  to  Toronto  as  a regional  sales 
promotion  representative.  In  19.57,  he 
returned  to  Winnipeg  as  a zone  .sales 
manager. 

Jean  Paul  Gagnon  has  been  appointed 
Canadian  Sales  Manager  of  Eutectic 
Welding  Alloys  Corp.  Mr.  Gagnon  joined 
the  company  in  1953  and  has  since  been 
Technical  Representative,  Field  Super- 
visor and  Regional  Manager.  He  will 
make  his  headquarters  in  Montreal. 

Roy  G.  Peers  has  been  elected  Director 
of  AGE  Industries  (Canada)  Limited. 
Mr.  Peers  also  is  a director  of  Boeing 
of  Canada,  Ltd.,  Catalytic  Construction 
of  Canada,  Ltd.,  and  Milltronics,  Ltd. 

Reginald  L.  Johnson  has  been  appointed 
director  of  advertising  and  public  re- 
lations for  the  Johns-Manville  Corpora- 
tion, Port  Credit,  Ont. 

John  D.  Leitch,  Chairman,  Maple  Leaf 
Mills  Ltd.;  Edwin  A.  Locke,  Jr.,  Presi- 
dent, Union  Tank  Car  Company;  W. 
Harvey  Cruickshank,  Vice-President  and 
General  Manager,  Toronto  Area,  Bell 
Telephone  Company  of  Canada;  Ronald 
M.  Melvin,  Managing  Director,  Procor 
Limited;  M.  O.  Simpson,  Jr.,  President, 
Combined  Enterprises  Limited;  and 
J.  W.  Van  Gorkom,  Executive  Vice- 
President,  Union  Tank  Car  Company, 
have  been  appointed  as  Directors  of 
Procor  Limited,  Toronto. 


E.  A.  Planche  of  the  chemicals  division 
of  Canadian  Industries  Limited,  has  been 
appointed  works  manager  of  the  new 
C-I-L  chlorine  and  caustic  soda  plant 
at  Dalhousie,  N.B.  Mr.  Planche  has  held 
various  positions  in  the  company’s 
chemicals  division,  and  most  recently 
was  production  superintendent,  Hamilton 
works. 

Jean  Gilles  Caron  has  been  appointed 
zone  sales  manager  in  the  Montreal 
Branch  of  Burroughs  Business  Machines 
Ltd.  Mr.  Caron  joined  Burroughs  in 
1940,  and  has  .since  held  sales  positions 
in  Montreal  and  Sherbrooke. 

E.  J.  Standtlander  has  been  appointed 
Purchasing  Manager  at  the  Canadian 
Blower  and  Forge  Co.  Ltd.  Mr.  Standt- 
lander joined  the  engineering  depart- 
ment of  the  company  in  1940,  and  was 
appointed  Production  Manager  in  1943. 

Albert  Lalande  has  been  appointed  man- 
ager, education  services  at  the  Mont- 
real Branch  of  Burroughs  Business  Ma- 
chines Ltd.  Mr.  Lalande  joined  the  com- 
pany in  1940,  and  in  1954,  became  a 
zone  sales  manager.  Mr.  Lalande  gradu- 
ated from  the  Liniversity  of  Montreal 
and  holds  a Masters  degree  in  commerce. 

John  D.  Lynch  has  been  appointed  the 
New  Construction  Specialist  in  the  Tor- 


onto area  for  the  Tremco  Manufacturing 
Company  (Canada)  Limited.  He  will  pro-t 
vide  a technical  service  to  architects,! 
engineers,  contractors  and  builders.  j 

N.  H.  Hollefriend  has  been  named  Man-i 
ager  of  Marketing  for  Canadian  Allis-j 
Chalmers  Limited.  Mr.  Hollefriend  has' 
had  30  years  of  experience  with  the! 
company,  and  a combined  knowledge! 
of  products,  sales  and  application  engi-j 
neering.  ■ 

Roger  Chartier,  Professor  of  Industrial 
Relations  at  Laval  University,  has  been 
named  General  Manager,  Personnel,  at 
Quebec  Hydro-Electric  Commission.  Mr. 
Chartier  was  formerly  Assistant  to  the 
Director  of  Personnel,  at  Rio  de  Janeiro 
Light. 

Bruce  W.  Darling  has  been  appointed 
Manager  of  Canadian  Field  Sales  for 
Garrett  Manufacturing  Limited.  Mr. 
Darling  has  been  a Garrett  representa- 
tive in  Ottawa  for  several  years  and  will 
maintain  his  headquarters  there. 

C.  L.  Echlin  has  been  appointed  man- 
ager, sales  and  service  of  Canadian  Allis- 
Chalmers  Limited.  Mr.  Echlin  has  more 
than  30  years  of  experience  in  the  com- 
pany’s sales,  field  service  and  erection 
work. 


Developments 

Information  contained  in  this  section  has  been  obtained  from  press  releases. 
Mention  of  products  and  services  does  not  imply  endorsement  by  the  Institute. 


MAJOR  EXPANSION  of  the  Terre- 
bonne, Que.  plant  of  the  Matthew 
Moody  Division  of  Canadian  Bowl-Mor 
Co.  Ltd.,  has  begun  and  will  eventually 
make  the  company  one  of  the  largest 
Canadian  manufacturers  of  manual  ma- 
terials handling  equipment.  The  new 
plant  will  increase  manufacturing  and 
storage  area  by  one  third.  New  machin- 
ery to  be  installed  will  include  a 150- 
ton  press  brake.  The  company  will 
manufacture  for  FICO  “Backbone”  pal- 
let racking  and  “Bowl-Mor”  automatic 
pinsetting  equipment  for  the  bowling 
industry. 


TWO  MINIATURE  ELECTRONIC 
controllers,  fully  transistorized  and  self- 
contained,  have  been  announced  by 
Thermovolt  Ltd.  Type  PEC  measures 
7J2  inches  by  3/4  inches;  type  MEC,  6 
inches  by  3 inches.  Both  have  full  am- 
bient compensation  and  thermocouple 
break  protection.  Both  are  available  with 
cross  coil  elements  for  resistance  ther- 
mometers or  any  other  application  where 
the  process  measurement  can  be  con- 
verted into  direct  current  and  voltage. 

(Continued  on  page  168) 
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EV  MOLONEY  modular 

- another  step  forward  in  standardization . . • 


UNiTrAn” 


design 


t -lew  compact  design. 

• (ingle  or  three  phase. 

§ Jew  Safety  barriers  make 
JNITRAN  safest  for 
>perating  personnel. 

I ;ase  of  interchangeability 
or  transformer 
ihangeouts. 

» Jew  “modular” 
tandardized  components. 

idinged  doors  easily 
emovable. 


“UNITRAN”.. .FOR  UNDERGROUND  DISTRIBUTION  SYSTEMS 

The  new  Modular  UNITRAN  is  another  fine 
example  of  the  Moloney  “Total  Design”  concept 
which  reflects  the  engineering  and  operating 
requirements  of  many  Utility  Companies. 

Originally  introduced  in  1960,  the  Moloney 
UNITRAN  has  been  redesigned  to  retain  the 
many  features  of  the  previous  design,  plus  several 
exclusive  new  advantages  to  obtain  greater 
safety,  greater  flexibility  and  to  facilitate  field 
assembly  and  cable  connection  work  or  service. 

The  new  UNITRAN  is  engineered  with  the  same 
superior  “electrical-mechanical”  balanced  designs 
as  Moloney  pole  type  transformers. 

UNITRANS  are  available  in  all  standard  distribution 
ratings.  Write  for  bulletin  No.  D-151-1 


MOLONEY 

ELECTRIC  COMPANY  OF  CANADA  LIMITED 

FACTORY  and  HEAD  OFFICE:  213-219  STERLING  ROAD,  TORONTO 

REGIONAL  OFFICES:  MONTREAL,  CALGARY,  VANCOUVER 
Sal€^i  (^OHoda. 


t 1 

I THE  POWERS  REGULATOR  COMPANY  OF  CANADA,  LTD.  j 

I Dept.  6-J  15  Torbarrie  Road,  Downsview,  Ontario  I 

I Send  me  a free  copy  of  Powers  Engineer's  Manual  For  Steam-Water  Service  | 

I Name: I 

1 Title; I 

1 Company: j 

I Address: I 

I City: Zone: State | 

I Specific  requirement  or  problem: I 

[ _j ; 

"helS  âW1d"e~aÿ~ôn7üê^^^ 

PRE-HEATER  CONTROL  SYSTEMS 


Outside  power  is  not  required  by  this 
system.  The  temperature  indicating 
regulator  is  installed  in  the  steam  sup- 
ply line,  with  a remote  sensing  bulb  set 
in  the  hot  oil  outlet  of  the  heater.  A 
self-cleaning  strainer  precedes  the  regu- 
lator, and  a properly  sized  steam  trap 
is  used  in  the  condensate  return. 


Easy  temperature  selection  and  a cali- 
brated regulator  dial  are  features  of 
this  system.  In  this  case  a control  valve 
is  used  in  the  steam  supply  line.  Tem- 
perature regulator  and  dial  thermome- 
ter are  installed  in  the  hot  oil  outlet  to 
give  a constant  visible  check  of  operat- 
ing temperature. 


Get  full  details  about  these  and  many  other  steam  and  water  control 
systems.  The  handy  coupon  above  is  for  your  convenience.  There’s  no 
obligation. 

Other  systems  included  in  the  practical 
engineering  manual  you  will  receive  are: 

• Domestic  Hot  Water 

• Storage  Heaters 

• Two-Temperature 
Hot  Water 

• Jacket  Water  Cooling 

• Process  Hot  Water 

• Pressure  Reducing 

• Instantaneous  Heat  Exchangers 

• Heat  Exchangers  For  Cooling 

If  you  have  a requirement  or  problem,  give 
us  the  specifics.  We’ll  advise  you  on  the  best  way  to  handle  it. 

THE  POWERS  REGULATOR  CO.  OF  CANADA,  LTD. 

Dept.  6-J  Offices:  Halifax,  Quebec,  Montreal, 

15  Torbarrie  Road  Ottawa,  Hamilton,  London,  Winnipeg, 

DOWNSVIEW,  ONTARIO  Edmonton,  Calgary,  Vancouver 


(Continued  from  page  122) 

In  his  talk  Capt.  Brand  discussed  th 
use  of  helicopters  to  find  “blue  sea’] 
how  an  ice-breaker  frees  an  ice-lockeJ 
ship.  He  said  that  information  as  t 
which  ships  were  entering  certain  area 
was  obtained  through  shipping  agents  a 
least  36  hours  before  the  arrival  oj 
these  ships.  Capt-  Brand  then  describee 
how  a number  of  ships  were  corallet] 
into  one  area  so  that  one  ice-breake: 
could  operate  more  efficiently.  He  exj 
plained  how  information  was  obtained 
from  the  meteorological  centres  in  th| 
area  of  approaching  ships.  He  describeq? 
other  marine  operations  such  as  searcl  r 
and  rescue,  supply  to  northern  port 
and  weather  ports  off  the  coast  of  Bri 
tish  Columbia.  The  talk  was  followed 
by  slides  of  the  ice-breakers,  northen 
ports  and  DEW  line  bases. 

Corner  Brook 

Robert  G.  Scott,  m.e.i.c. 

Correspondent 

M.  J.  Howley,  City  Engineer,  City  o: 
Corner  Brook,  was  the  guest  speaker  a ; ■ 
the  March  27  meeting  of  the  Branch:» 
where  he  gave  a brief  outline  of  the  ; 
Municipal  plan  for  the  City  of  Comer 
Brook.  Mr.  Howley  first  explained  munh 
cipal  plans  in  general,  describing  howj 
these  came  into  being,  their  legal  statu.^ 
and  their  effect  on  the  community  anq! 
its  individual  citizens.  He  then  referred 
to  several  maps  and  drawings  and  ex- 
plained the  varied  ' aspects  of  each.  Hei 
also  explained  how  the  city  administra-: 
tion  proposed  to  carry  out  these  muni- 
cipal plans.  The  question  and  answer  i 
period  which  followed  Mr.  Howley’s 
talk  proved  to  be  one  of  the  most  lively 
of  the  year.  i 

R.  Newton,  m.e.i.c.,  on  the  requestl; 
of  the  Chairman,  gave  a brief  chrono-j 
logical  resume  on  Confederation.  i 

The  Branch  plans  to  hold  its  annual 
meeting  and  election  of  officers  on  May! 
22.  This  will  include  a dinner  and  dance! 
for  the  members  and  their  wives.  J 

1 

Cornwall  j 

F.  R.  Warner,  m.e.i.c.  ] 

Correspondent 

Harold  W.  Blakely,  President  of  Crane] 
Canada  Ltd.,  was  the  guest  speaker  at; 
the  Branch’s  March  meeting.  Mr.  Blakely] 
outlined  the  role  of  the  engineer  in  top] 
management  positions.  He  said  that; 
the  engineer,  through  his  training,  is! 
best  suited  to  fill  top  management  posts.! 
He  stressed  the  need  for  more  adequate: 
training.  He  said  the  engineers’  scientific;: 
training  should  be  increased  but  not  at; 
the  cost  of  reducing  humanities  training,  i 
Mr.  Blakely  advocated  a five-year  course  ; 
for  an  engineer  to  achieve  the  aims  he  ! 
outlined. 

Mr.  Blakely  touched  on  the  economic  ' 
problem,  saying  that  the  Canadian  eco-  i 
nomy  should  be  better  organized  than  it 
is  today.  He  said  there  is  too  much  ; 
provincialism  in  the  Canadian  economy,  ; 
and  that  Canada  will  soon  have  to  ; 
choose  sides  in  the  world  trading  bloc. 

Mr.  Blakely  was  thanked  by  C.  I.  ; 
Bacon.  ! 
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f Idmonton 

J.  Allman,  m.e.i.c. 

' 'orrcspondent 

The  Branch  held  a meeting  March 
8,  at  the  Seven  Seas  Restaurant.  The 
peaker  of  the  evening  was  J.  E. 
|)berholtzer,  Deputy  Minister  of  Indus- 
|r>'  and  Development  for  the  Govern- 
. jaent  of  Alberta.  Mr.  Oberholtzer’s  topic 
' as  “The  Alberta  Industrial  Picture- 

I'ast  and  Future”.  He  spoke  at  length 
in  Alberta’s  industrial  growth,  and  dealt 
vith  the  many  changes  that  have  taken 
ilace  in  industry  in  Alberta  since  1900. 
Vt  the  turn  of  the  century,  the  natural 
esources  of  Alberta  were  virtually  un- 
mown and  untouched.  Industrial  growth 

Improved  steadily  and  the  turning  point 
n Alberta’s  industrial  picture  was  on 
I February  13,  1947.  On  that  date,  a new 
f ?ra  in  natural  resources  started  when 
I Leduc  Number  1 oil  well  became  a pro- 
lucer  and  ushered  in  the  vast  oil,  and 
gas  industry.  Mushrooming  oil  wells  soon 
Drought  about  the  building  of  pipeline 
md  refineries  and  by  1955,  the  total  re- 
fining capacity  had  almost  reached 
SO, 000  barrels  per  day. 

Mr.  Oberholtzer  predicted  that  there 
would  be  a steady  increase  in  the  pro- 
duction of  oil  and  gas  in  the  Province 
during  the  next  40  to  50  years,  and  said 
that  although  the  natural  resources  had 
been  developed  rapidly,  up  to  the  pre- 
sent time,  conservation  of  these  resources 
had  been  part  of  this  development.  He 
stated  as  a result  of  this  conservation, 
the  natural  resources  of  the  Province 
w'ould  be  adequate  for  many  future 
decades. 

Halifax 

D.  E.  Rudolph,  M.E.i-c. 

Correspondent 

The  Branch  held  a dinner  meeting 
on  April  3 at  the  Flamingo  Restaurant 
which  71  members  attended.  The 
speaker  for  the  evening  was  A.  R.  Har- 
rington, Vice-President  and  General 
Manager  of  Nova  Scotia  Light  and 
Power  Gompany  Limited.  Mr.  Harring- 
ton spoke  on  productivity,  a subject  in 
which  he  is  vitally  interested  as  he  is 
a member  of  the  National  Productivity 
Council,  representing  the  Atlantic  Pro- 
vinces, and  is  also  Chairman  of  the 
Nova  Scotia  Productivity  Committee. 

Productivity  has  been  described  as 
tlie  “ability  to  supply  goods  and  serv- 
ices needed  by  the  community  with  the 
minimum  consumption  of  real  resources”. 
In  other  words,  it  is  a ratio  of  input 
to  output  and,  as  such,  is  not  the  same 
as  total  production.  The  part  engineers 
have  to  play  with  the  increase  in  pro- 
ductivity must  not  be  minimized,  and 
as  Canada  becomes  more  industrialized, 
the  engineers’  part  in  this  important  as- 
pect of  our  economy  increases.  When 
designing,  proper  thought  must  be  given 
to  the  raw  materials,  men  and  manage- 
ment. Canada’s  production  level,  when 
compared  with  that  of  other  countries, 
is  very  low.  If  we  wish  to  maintain  our 
standard  of  living  and  raise  it,  we  must 
raise  the  level  of  production  per  person 

(Continued  on  pope  164) 


For  today’s  large  scale 
pumping  needs  • • • 


Specify  a modern 

SUMO  SUBMERSIBLE  PUMP 

Here  is  the  latest  thing  in  large  scale  pumping  from  deep  wells  — 
the  Sumo  Submersible.  The  entire  unit,  motor  and  pump,  operates 
inside  the  well  where  it  is  protected  against  damage  from  floods, 
freezing  or  tampering.  No  pump  house  is  needed. 

Proved  and  tested  by  almost  half  a century  of  service  in  installa- 
tions all  over  the  world.  Sumo  Submersibles  will  give  years  of 
troublefree,  maintenance-free  service.  Capacities  range  up  to  2000 
gpm.  Power  ratings  range  from  1/3  hp  to  120  hp. 

What's  more,  installation  is  exceedingly  simple.  The  unit  is  simply 
attached  to  the  end  of  the  discharge  pipe  and  lowered  into  the 
well  casing.  There  are  no  drive  shafts  or  bearings  or  alignment 
problems  to  give  trouble.  And,  because  the  pump  is  coupled  di- 
rectly to  the  motor,  more  efficient  use  of  power  is  obtained. 

Sumo  offers  technical  advice  and  assistance  in  selecting  and  apply- 
ing submersible  pumps  to  your  needs.  There's  no  obligation. 


BULLETIN  B-1000 

has  full  information  on  Sumo  high-capacity 
pumps.  Call  or  write  for  your  copy.  Also  re- 
quest data  on  Sumo  extra  high  capacity 
120  hp  units. 


7035  GRAND  AVE.,  MONTREAL  10,  P.Q.  CR.  1-2397 


SUMO  SUBMERSIBLE  DRAINER  PUMPS 

for  pumping  water  containing  high  percentages  of  solids.  Write 
BULLETIN  B-llOO  for  details  on  these  rugged,  heavy  duty  pumps 
designed  for  drainage,  flooding  or  general  service  pumping. 


SUMO  PUMP  DISTRIBUTORSHIPS  OPEN  — INQUIRIES  SOLICITED 
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Employment  Service 

THE  ENGINEERING  INSTITUTE  OF  CANADA 

This  service  is  operated  for  the  benefit  of  members  of  the  Engineering 
Institute  of  Canada  and  for  organizations  employing  engineers. 


SITUATIONS  WANTED 

Advertisements  are  inserted  free  of  charge  for  members  of  all  classes.  Maximum 
length  is  60  words,  and  repeat  insertions  must  be  separately  requested  in  writing 
for  each  desired  appearance. 

SITUATIONS  VACANT 

Rate:  Six  dollars  per  column-half-inch  per  insertion. 

Replies  to  advertisements  should  be  addressed  to  the  file  number.  Employment 
Service,  2050  Mansfield  Street,  Montreal.  Interviews  with  the  Employment  Service 
may  be  arranged  by  calling  VI  2-8121  at  the  above  address. 


(' 

ELECTRICAL  ENGINEER,  P.  Eng.,  A.I.-l 
E.E.,  E.I.C.,  7 years  experience  in  variousHii 
fields.  Seeks  employment  with  a consult-'  » 
ing  or  manufacturing  firm.  File  No.ll 
6405-E.  i: . 

i:  ' 

CIVIL  ENGINEER,  age  36.  Graduate  1952,' 
Delft,  The  Netherlands.  P.  Eng.,  Ontario.;'', 
2 years  field  experience  and  8 years  diver-)  < 
sified  experience  in  structural  engineering;: 
for  industrial  projects  and  hydraulic  it 
structures;  also  preliminary  layouts  and  i , 
reports  for  hydro-electric  and  flood  con-  ;;  : 
trol  projects.  Desires  challenging  positions 
with  growth  potential  in  consultant  office  ) : 
or  with  contracting  firm.  File  No.  247-C.  ii  >' 


SITUATIONS  WANTED 


MARINE  ELECTRICAL  ENGINEER  — 

M.E.I.C.,  Grad.  I.E.E..  H.N.C.,  age  35,  mar- 
ried. Fully  qualified  with  Canadian  and 
U.K.  experience  in  electrical  installations 
on  all  new  ship  construction,  refit,  repair 
and  associated  shipyard  plant;  in  all 
phases  of  supervising,  estimating,  draft- 
ing and  electrician  labour.  Presently  em- 
ployed as  Manager.  Desires  similar  posi- 
tion or  Chief  Draftsman.  Would  consider 
any  location.  File  No.  257-E. 

CIVIL  ENGINEER,  M.E.I.C.,  P.Eng.  Age 
34.  married.  6V2  years  experience  in 
bridge  work  involving  the  construction  of 
timber,  concrete  and  steel  bridges.  One 
year  varied  experience  in  general  con- 
tracting work  and  public  works.  Pre- 
pared to  locate  anywhere.  Available  on 
two  weeks  notice  to  present  employer. 
File  No.  256-C. 

ENGINEER-ACCOUNTANT,  M.E.I.C..  P.- 
Eng. (Ont.),  A.M.I.Mech.E.,  R.I.A.  (Inter- 
mediate). Age  37.  Experience  in  chemical 
and  mechanical  design,  maintenance,  con- 
struction and  administration.  Also  plant 
methods,  budgetary  control,  material  pro- 
curement and  inventory  control.  A profit- 
oriented  executive  seeking  a company  who 
will  benefit  from  these  talents  and  who 
can  offer  further  opportunity  after  proof 
of  performance.  File  No.  255-M. 

MECHANICAL  ENGINEER,  M.E.I.C.,  P.- 
Eng. (Ont.),  B.Sc.  Queen’s  1952,  age  41. 
Experience  — six  years  maintenance  en- 
gineer, petro-chemical  and  pulp  & paper 
industry;  one  year  as  plant  engineer;  two 
and  one  half  years  in  design  on  plant 
engineering.  Desires  position  in  field  of 
design,  plant  engineering  or  maintenance. 
Resume  available.  Prefer  Ontario  or 
Montreal.  File  No.  254-M. 


ELECTRICAL  ENGINEER,  M.E.I.C.,  P.- 
Eng. (Ont.),  married,  age  43,  Experience 
in  electronics,  hydro-electrical  systems 
construction,  maintenance,  design  and 
transmission  in  nearly  all  phases,  includ- 
ing supervisory  positions.  Considerable 
experience  in  research  and  consulting  on 
electrical  conductors  and  fittings,  includ- 
ing aluminum.  File  No.  6474-E. 

MECHANICAL  ENGINEER,  A.M.E.I.C., 
B.A.Sc.  (Toronto  1960),  Graduate  of 
R.M.C.,  age  24,  married,  serving  in  Royal 
Canadian  Navy.  Three  years’  experience 
in  man  management  and  general  adminis- 
tration. Desires  interesting  engineering 
position.  Any  location  considered.  Avail- 
able February  1963.  File  No.  253-M. 


CONSTRUCTION  ENGINEER,  B.Eng. 
(Civil)  McGill  1953,  age  31,  single.  Con- 
siderable experience  in  field  supervision 
and  inspection  of  militarv  building 
projects  and  industrial  buildings.  Thor- 
oughly familiar  with  office  routine,  es- 
timating, preparing  and  checking  plans 
and  specifications.  File  No.  252-C. 

CHEMICAL  ENGINEER,  B.E.  (SASK.  1959), 
A.M.E.I.C.,  P.Eng.,  married,  age  24,  with 
two  years’  experience  in  analytical  and 
animal  feeds  technology.  Desires  position 
in  testing  and  analysis  or  research  and 
development.  Location  — Edmonton, 
Alberta.  Available  immediately.  File  No. 
251-Ch. 

RETIRED  EXECUTIVE,  M.E.I.C.,  P.Eng. 
(Que.),  desires  position,  either  full  or  part 
time,  where  past  diversified  experience 
can  be  an  asset.  Broad  experience  in 
Administration,  Management,  Labor  and 
Production;  also  qualified  Mechanical  and 
Civil  Engineer.  Well  versed  in  all  phases 
of  construction;  maintenance;  cost  re- 
duction; purchasing;  contracts;  studies 
and  reports,  etc.  In  excellent  health.  Do 
not  want  to  stagnate.  Willing  to  travel. 
File  No.  250-M. 

MECHANICAL  ENGINEER,  A.M.E.I.C., 
age  30,  (N.S.T.C.  ’59),  married  with  2 

children.  Three  years  plant  engineering 
and  maintenance  experience  in  quarrying 
operation.  Desires  to  try  new  phases  of 
engineering  in  mechanical  industry. 
Ma.ritimes  preferred,  but  will  relocate. 
File  No.  249-M. 

CIVIL  ENGINEER,  S.E.I.C.,  B.E.  1962 
University  of  Saskatchewan.  Seeks  position 
related  to  structures  or  road  construction. 
Plenty  of  surveying  experience.  Some 
construction  and  some  design  experience. 
Resume  on  request.  Will  consider  position 
anywhere  in  Canada.  File  No.  248-C. 

MECHANICAL  ENGINEER.  M.E.I.C.,  P.- 
Eng., A.M.I.Mech.E.,  M.I.  Nuclear  E.,  age 
40,  with  wide  experience  in  maintenance 
of  plant  and  equipment,  also  plate  fabrica- 
tions in  medium  and  light  engineering 
fields,  seeks  progressive  position  in  ad- 
ministrative capacity  where  hard  work, 
integrity  and  record  of  success  in  this 
field  can  be  utilised  for  mutual  benefit. 
Location  preferred  Ontario  or  West.  File 
No.  170-M. 

CHEMICAL  ENGINEER  — Bilingual,  with 
experience  in  pulp  and  paper  industry, 
sewage  treatment  equipment,  seeks  posi- 
tion in  control,  research,  development  or 
production  departments  in  pulp  and 
paper  industry  or  allied  fields.  File  No. 
187-Ch. 


CIVIL  ENGINEER  — B.Sc.,  A.M.I.C.E.,  i : 
M.E.I.C.,  P.  Eng.,  age  41.  Broad  experi-iiii 
ence,  8 years  field  supervision,  6 years  !», 
estimating,  4 years  consulting,  3 years!» 
industry,  covering  studies,  reports,  liaison,  1 » ' 
design,  supervision,  management,  plan- 1 1 ■ 
ning,  estimating,  negotiation,  etc.  Seeks  Ij»' 
permanent  position.  Consider  any  location  1 1 
but  prefer  Toronto.  Available  im-iii 
mediately.  File  No.  246-C.  j ’ 


EXPLORATION  MINING  ENGINEER, 

B.Sc.,  P.  Eng.,  15  years  exploration  and 
production  experience,  presently  employed 
as  exploration  supervisor,  desires  similar 
position  with  a more  active  company. 
Presently  located  northwestern  Ontario 
with  good  office  facilities.  File  No.  245- 
Min. 


ENGINEER-ECONOMIST,  P.  Eng.  (Civil) 
McGill  57.  Canadian.  Diploma  in  Manage- 
ment and  Business  Administration  as  well 
as  additional  training  in  economics,  ad- 
vanced mathematics^  statistics.  Experi- 
enced in  various  phases  of  structural  steel 
and  reinforced  concrete  design.  Has  been 
in  charge  of  multi-million  dollar  erection 
projects.  Planning,  market  analyses,  eco- 
nomic appraisals,  costing,  contract  nego- 
tiation and  general  administration.  Energy 
requirements  and  future  development  of 
petroleum  industry.  Seeks  position  where 
technical,  managerial,  administrati’^e  and 
social  aspects  are  of  an  asset.  File  No. 
6482- C. 


PLANT  MANAGER,  M.E.I.C.,  P.Eng.,  Age  ; 
39,  married.  Holder  of  engineering  and  ii 
business  degrees.  Diversified  experience  |li 
in  production  and  scheduling,  contracts  | 
administration  and  negotiations,  plant 
layout  and  maintenance,  budgeting,  in- 
dustrial engineering  and  management  fJ 
problems,  wage  and  labor  analysis,  field  j|l 
projects  supervision  and  co-ordination,  ji^ 
Desires  responsible  position  preferably  Si 
in  mechanical  industry,  would  consider  S' 
small  capital  investment.  Location  Mont-  ) 
real.  File  No.  6498-W.  ; 


ELECTRICAL  ENGINEER  — M.E.I.C.,  Î 

graduated  in  Electrical  Engineering  from  | 
London  in  1956.  Age  31  years,  married,  J 
widely  travelled,  immigrant  in  Canada.  .‘1 
Having  4 years  experience  in  dealing  with  ( 
switchgears,  transformers,  instruments,  | 
motors,  etc.  Seeks  position  in  Sales  or 
Manufacturing.  File  No.  6303-E.  ; 

CIVIL  ENGINEER.  M.E.I.C.,  P.Eng.  (Albt.)  1 
(U.N.B.  1959).  Age  25,  married.  T\yo  years’  j 
experience  on  hydro  projects  with  coii-  ; 
suiting  firm,  including  6 months  experi-  ;i 
ence  in  supervision  of  field  soils  labora-  [ 
tory.  For  the  past  year  employed  by  de-  > 
signing  firm.  Willing  to  work  anywhere  in 
Canada.  File  No.  169-C. 
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Illustrated  is  one  of  six  Weir  Size 
EF-100,  9-stage  boiler  feed  pumps  for 
Ontario  Hydro’s  Richard  L.  Hearn  Station 
— largest  thermal  generating  station  in 
Canada.  Each  pump  is  capable  of 
delivering  735,000  pph  of  feed  water  at 
2,300  psi.  Metropolitan -Vickers  motors 
— Vulcan-Sinclair  hydraulic  couplings. 
Consultants:  Stone  & Webster 
Canada  Limited. 

Representing  the  world-wide  Weir 
organization  for  many  years  in  Canada, 
Peacock  Brothers  Limited  bring  their 
own  sixty  years’  experience  to  the 
application  of  Weir  boiler  feed  pumps, 
condensers,  feed  water  heaters  and 
other  well-known  power  plant  auxiliaries. 


G.  & J.  WEIR  LTD. 
GLASGOW,  SCOTLAND 


Represented  in  Canada  by 

PEACOCK  BROTHERS 
LIMITED 

MONTREAL 

SYDNEY  • TORONTO  • SUDBURY  * CALGARY  • VANCOUVER 
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(Continued  from  page  149) 

in  Canada.  On  the  short  term  basis, 
there  are  three  project  areas  where 
management  should  increase  productiv- 
ity: labor-management  relations;  the  field 
of  vocational  and  technical  training;  and 
the  field  of  method  improvement  and 
work  study. 

Nova  Scotia  was  the  first  province  to 
form  a provincial  productivity  com- 
mittee and,  to  date,  two  work  study 
schools  have  been  held.  The  province 
would  also  like  to  establish  a National 
School  of  Productivity  in  co-operation 
with  the  Institute  of  Public  Affairs  of 
Dalhousie  University.  Those  interested 


in  productivity  in  Canada  feel  that  Can- 
ada must  lower  its  cost  structure- 

London 

W.  L.  Thompson,  m.e.i.c. 

Correspondent 

On  Tuesday,  March  20,  1962,  at  the 
Engineering  Building  of  the  University 
of  Western  Ontario,  some  60  members 
of  the  Branch,  with  guests  from  the 
A.P.E.O.,  I.R.E.  and  A.I.E.E.,  listened 
to  an  illustrated  subject  entitled  “Entry 
of  Manned  Space  Vehicles  into  Planetary 
Orbit”,  written  and  presented  by  Pro- 
fessor B.  Etkin,  of  the  Institute  of  Aero- 
physics,  University  of  Toronto. 


Moose  Jaw  Li 

R.  J.  Tomlinson,  m.e.i.c.  |r 

Correspondent  i 

A.  S.  Ringhein,  Senior  Project  Engi- U 
neer  at  the  South  Saskatchewan  River  ij 
Dam  was  the  guest  speaker  at  the 
Branch’s  March  28  meeting.  Mr.  Ring-  f ' 
hein  discussed  progress  and  construe-  ■ 
tion  of  the  Dam  from  its  start  to  thej 
present.  The  talk  was  illustrated  with  | f 
color  slides  showing  all  aspects  of  con- 
struction.  Mr.  Ringhein  outlined  future  1 
construction  and  the  possible  problems  IB 
which  may  be  encountered.  I| 

The  following  were  elected  Branch  of-  li 
ficers  for  1962-63:  President,  Ehght  j j 
Lieutenant  V.  L.  McKinnon;  Vice-Presi-  li  : 
dent,  M.  S.  Shelley,  Secretary-Treasurer,  | ' 
G.  C.  Skorbohach. 

Newfoundland 

Anthony  O.  Nemec,  a.m.e.i.c. 

Correspondent 

On  April  14,  the  Branch  members 
made  a field  trip  to  the  Golden  Eagle 
Refinery  at  Holyroad,  40  miles  west  of 
St.  John’s.  At  the  time  of  the  visit,  a 
large  tanker  which  transports  crude  oil 
from  Venezuela,  was  pumping  oil  into  | 
the  refinery’s  storage  tanks.  Members  I 
were  taken  on  a tour  through  the  re-  | 
finery  and  were  very  impressed  by  the  I 
extent  and  application  of  the  modem  { 
equipment  which  they  saw  in  use  there.  | 
The  testing  laboratory  was  another  point  ■ 
of  interest  to  the  group  which  included  | 
30  student  members  of  the  Branch.  | 

Nipissing  and  Upper  Ottawa 

J.  S.  Cooper,  m.e.i.c.  I 

Correspondent 

The  branch  held  its  annual  President’s 
visit  and  Ladies’  night  April  10  at  the 
White  Oaks  Inn,  Temiscaming  at  which 
Dr.  D.  G.  Ballard,  hon.  m.e.i.c.  spoke 
on  Engineering  in  Canada.  Dr.  Ballard 
was  introduced  by  J.  F.  Chantier,  m.e.i.c. 
of  Temiscaming.  In  his  speech.  Dr.  ] 
Ballard  discussed  generally  the  engineer-  i 
ing  profession  in  Canada,  emphasizing  I 
some  of  its  more  recent  achievements. 

He  advised  that  engineers  must  examine 
closely  the  social  implications  of  their 
work.  P.  M.  Rebin  m.e.i.c.  of  Sturgeon 
Falls,  thanked  Dr.  Ballard  on  behalf  of 
the  63  members  present. 

University  of  Alberta 

J.  B.  Osentor,  s.e.i.c.  | 

Correspondent 

The  Branch  held  a meeting  March  22, 
at  which  Dr.  Ford,  Head  of  the  Me- 
chanical Department,  University  of  Al- 
berta, was  the  guest  speaker.  Dr.  Ford 
described  the  new  supersonic  airliner 
being  built  by  Britain  and  France.  He 
indicated  the  research  being  done  in 
Canada  on  high  speed  flight  and  de- 
scribed the  wind  tunnel  at  the  National 
Research  Centre.  Two  films  were  shown, 
“Famborough  1960”,  a 30-minute  film 
about  the  annual  British  air  show.  Al- 
though this  was  not  technical,  it  was 
interesting  to  the  members  since  it 
showed  the  latest  of  Britain’s  aircraft. 
“Four  Figure  Flight”,  a short  film  of  ' 
the  record-breaking  flight  of  the  Fairey 
Delta  2 in  1957,  showed  the  actual 


For  lower  cost  per  unit 
look  to  C.M.C. 
Special  Purpose  Machines 


This  special  purpose  machine  was  built  to  meet  very  special  require- 
ments. Working  closely  with  the  client’s  engineering  department,  C.M.C. 
built  this  12-head,  fully  automated  hydraulic  piercing  and  forming 
machine  ...  a machine  that  has  proved  absolutely  right  for  the  job. 
If  you  have  a production  problem  of  costs,  efficiency  or  productivity  a 
special  purpose  machine  may  be  just  the  answer.  Call  on  us  without 
obligation  — The  C.M.C.  Special  Purpose  Machine  Division  is  at  your 
service. 


12-head,  fully  automated  hydraulic  piercing  and  forming  machine 
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flight  and  the  measuring  instruments. 
The  film  was  shown  at  high  speed  to 
illustrate  the  difference  between  the 
aircraft’s  speed  and  that  of  every  day 
objects. 

The  new  e.xecutive  was  elected  at 
this  meeting:  Chairman  is  J.  Osentor; 
Vice-Chairman,  T.  French;  Secretary- 
Treasurer,  D.  Sanby,  Advertising  Chair- 
man, Roger  Patterson. 

Winnipeg 

Foster  W.  New, 

Correspondent 

In  his  address  to  the  March  15  meeting 
of  the  Branch,  Dr.  K.  J.  Charles  of  the  De- 
partment of  Sociology  and  Economics  at 
the  University  of  Manitoba,  suggested 
that  the  engineer  should  take  an  in- 
terest in  the  economic  problems  of 
society.  Some  economic  problems  have 
been  created  by  the  activities  of  engi- 
neers, and  some  of  them  bear  a striking 
resemblance  to  engineering  mechanisms. 
Thus,  by  his  interests,  the  engineer  will 
be  in  a better  position  to  make  a more 
purposeful  contribution  to  the  welfare 
of  society. 

Dr.  Charles  then  presented  three  prob- 
lems to  which  engineers  could  benefici- 
ally apply  their  talents:  the  maintenance 
of  sufficient  growth  rate  of  the  Gross 
National  Product;  the  understanding  of 
the  complex  workings  of  the  modem 
technological  society;  the  effect  of  tech- 
nological progress  on  society.  Dr. 
Charles,  dmring  this  discussion  presented 
some  reasons  for  the  tardy  growth  rate 
of  the  G.N.P.  in  western  Canada.  He 
said  that  although  there  are  differ- 
ences between  the  economic  and  engi- 
neering system,  there  are  areas  where 
an  engineering  approach  could  be  of 
benefit.  He  said  that  the  effect  of  tech- 
nological progress  on  society  is  not  well 
understood,  and  if  it  were,  the  interest 
of  the  engineer  would  be  benefited. 

The  annual  students’  night  of  the 
Winnipeg  Branch  was  held  at  the  Pem- 
bina Hotel  in  Fort  Garry  on  March  22. 
Professor  R.  E.  Ghant,  Ghairman  of  the 
Branch  introduced  Dean  A.  E.  Mac- 
Donald who  outlined  the  terms  of  refer- 
ence for  the  summer  thesis  prizes-  Three 
engineering  students,  Gyril  Howard, 
Civil;  Nelson  Zagalasky,  Electrical;  and 
Robert  Chalmers,  Mechanical,  were  pre- 
sented with  cheques  and  an  Engineer- 
ing Institute  of  Canada  Bronze  Medal. 

After  the  presentation,  N.  Mudry  re- 
viewed the  Institute’s  classes  of  mem- 
bership. R.  J.  Roscoe,  Chairman  of  the 
Student  Section  then  introduced  the 
speakers.  J.  Crawley,  G.  Denson  and  J. 
Hoogstraten,  judges  of  the  contest 
awarded  first  prize  to  Bill  Fisher,  a 
second  year  student  who  gave  an  inter- 
esting talk  on  what  he  thought  could 
be  done  to  improve  engineering  educa- 
tion. Bob  Newbury,  a fourth  year  Givil 
student,  was  second  prize  winner.  He 
spoke  on  “Sedimentation  Predictions  of 
the  South  Sa.skatchewan  Reservoir’’.  His 
paper  was  based  on  model  studies  at  the 
University  of  Manitoba.  Les  Grosthwaite, 
a fourth  year  Mechanical  student,  was 
tliird  prize  winner.  He  spoke  on  “Hy- 
draulic Governors  for  Water  Wheel  Tur- 
bines. tîfl 


miracle  of 
engineering  skill 


With  these  basic  tools,  engineers  are  remold- 
ing the  face  of  Canada— developing  projects 
that  are  imaginative  in  concept  ; breathtaking 
in  scope;  awesome  in  execution. 

The  Bank  of  Commerce  salutes  the  men  of 
the  Engineering  Institute  of  Canada  for  past 
achievements  and  looks  forward  with  confi- 
dence and  pride  to  the  future. 


CANADrAN  riSIPERIAL 

BANK  OF  COMMERCE 

Over  1260  branches  to  serve  you 
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BANK 
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In  all  these  forms  of  constructii 


Civic  Square  Underground  Parking 
Garage,  Toronto.  Consulting  Engineers: 
H.  K.  Ferguson  Co.  of  Canada  Ltd. 
Contractors:  Perini  Ltd. 


McMahon  Stadium,  Calgary.  Architects: 
Rule,  Wynn  & Rule.  General  Contractor: 
Burns  & Dutton  Concrete  & Construction 

Co.  Ltd.  Supplier  and  erector  of  precast 
and  prestressed  members:  Con-Force 
Products  Ltd. 


Steinberg  Store,  Riverside  Shopping 
Centre,  Eastview.  Ont.  Architects: 
Dawson  & Baker,  Montreal.  Consulting 
Engineer:  Dr.  Felix  M.  Kraus,  Montreal. 
Manufacturer  of  precast  concrete 
shells:  Hochelaga  Precast  Structures, 
Ltd.,  Montreal.  General  Contractors: 
Beta  Construction  Ltd.,  Montreal  and 
Geo.  A.  Crain  & Sons  Ltd.,  Ottawa. 


CFCF-TV  Building,  Montreal.  0 
Canadian  Marconi  Company.  Arch 
Paul  Lapointe.  Engineering  Mar 
J.  Creighton-Douglas.  Contractor:  I 
Hewson  Ltd. 


CANADA  [EMei 


le  proved  economy  of  CONCRETE 


: are  just  four  of  the  widely  varying  ways  today’s  builders  capitalize  on  the  special  charac- 
tics  and  cost  advantages  of  concrete.  Either  precast,  prestressed  or  cast-in-place,  concrete 
e with  Canada  Cement  is  equally  adaptable  to  your  plans  for  structures  that  are  severely 
tional,  or  rich  in  architectural  interest.  More  than  ever.  Concrete  provides  the  answer  to 
need  for  permanent  and  attractive  structures  at  modest  cost. 


CANADA  CEIVIENT  COMPANY,  LIMITED 

CANADA  CEMENT  BUILDING,  PHILLIPS  SQUARE,  MONTREAL 

SALES  OFFICES:  Moncton  • Quebec  • Montreal  • Ottawa  • Toronto 
Winnipeg  • Regina  • Saskatoon  • Calgary  • Edmonton 


Developments 
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THERMOVOLT’S  new  compact  Pro- 
gram Controller  contains  the  PEC  Elec-; 
tronic  Controller  in  a 7%."  x ll^s"  panel-' 
mounted  case,  together  with  a variable! 
speed  program  cam,  a cam-followei 
mechanism  and  an  adjustable  end-of-l 
cycle  switch.  The  instrument  has  one' 
uncut  transparent  plastic  cam.  Oncej 
the  program  of  a process  is  established,; 
the  instrument  can  repeat  the  predeter-; 
mined  process-time  cycle  identically  any; 
number  of  times.  It  can  perform  two-i 
step  on-off;  three-step  on-off;  and  timel 
proportioning  control  functions.  Thej 
controlled  process  variable  can  be  tern-; 
perature  or  any  other  measurementlj 
which  can  be  converted  into  DC  volt-f 
age  or  current.  Temperature  ranges  aret 
available  from  — 320°F  to  -+-5500°F.  j 

MECHANICAL  SHAFT  seals,  compact,! 
self-contained  units  with  all  workingjj 
parts  enclosed  within  the  seal  housing,ii 
are  available  from  Syntron  (Canada)j 
Ltd.  A positive  mechanical  seal  is  estab- 
lished between  the  rotating  and  station-; 
ary  parts  in  the  seal.  Syntron  shaft  seals| 
are  used  to  eliminate  the  leakage  of 
gases  or  liquids  around  the  rotatingj 
shafts  of  pumps,  compressors,  mixers,' 
engines  and  other  equipment.  Type| 
“M”  seal  will  handle  abrasive-freej 
liquids  at  high  or  low  temperatures  with; 
shaft  speeds  up  to  3000  r.p.m. 

ONE  OF  THE  LARGEST  mining  fans} 
ever  produced  in  Canada,  has  been  in- 
stalled in  the  Gaspe  Copper  Mines  Ltd.,| 
mine  at  Murdochville,  Que.  The  single! 
stage  axial  flow  fan  with  cast  aluminum; 
variable  pitch  blades,  has  a wheel  di-j 
ameter  of  120  inches,  delivers  260,000| 
C.F.M.  with  3.5  W.G.  It  was  designed! 
and  manufactured  by  James  Howden  &! 
Co.  of  Canada  Ltd.,  Toronto. 

A HERMETICALLY  SEALED  dPDT^ 
relay  featuring  small  size  and  extremely 
long  life  is  offered  by  tire  Potter  & 
Rrumfield,  Division  of  AMF  Canada 
Limited.  Slightly  larger  than  one  cubic 
inch,  this  KHS  relay  operates  in  en- 
vironments calling  for  a sealed  unit. 
Mechanical  operating  life  is  in  excess  of 
100  million  cycles.  Load  rating  ranges' 
from  dry  circuits  up  to  3 amps  at  30  : 
volts  DC  or  115  volts  AC  resistive.' 
KHS  relays  meet  tlie  demands  of  such 
critical  applications  as  data  processing,  i 
and  telephone  carriers. 

THE  ALL-HYDRAULIC  6-inch  ca-  ! 
pacity  Staffa  pipe  bender,  a heavy  duty 
general  purpose  machine  operating  on 
a 4 hp.  motor,  has  been  announced  by  i; 
Affiliated  Engineering  Equipment  (1961) 
Limited,  of  Montreal.  This  unit  is  com- 
pletely  enclosed  and  can  be  used  for  both 
bending  and  straightening.  Steel  pipes 
with  up  to  6-inch  bore  and  steel  sec- 
tions up  to  10  inches  by  8 inches  joinsts 
are  easily  handled.  Maximum  working 
pressures  developed  is  5000  p.s.i.,  and 
maximum  power  is  50  tons.  ! 


WINNIPEG 
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k 600  \’OLT  Type  CM-0  epoxy  molded 
urrent  transformer,  featuring  high 
letering  accuracy  0.3B0.1,  0.3B0.2, 

•.6B0.5,'"  0.6B0.9,  0.6B1.0,  1.2B2.0;  an- 
iutomatic  short  circuit  link  which  be- 
lomes  operative  when  the  cover  is  re- 
moved, small  size,  4/2  inch  high  and 
inch  wide,  and  a continuous  current 
ating  of  150%.  These  current  trans- 
omiers,  introduced  by  Canadian  Gen- 
eral Electric,  are  interchangeable  with 
!ill  bar-type  Canadian  built  indoor  600 
olt  2 wire  current  transformers. 

! 

(CANADIAN  BROOMWADE  of  Toronto 
las  announced  the  introduction  into 
Canada  of  a new  gas  turbine  rotary 
compressor.  The  portable  air  power 
init,  known  as  the  Broomwade  Power 
Pack,  requires  no  foundations  starts  in- 
stantaneously, runs  without  vibration 
and  delivers  630  c.f.m.  at  100  p.s.i.  It 
can  operate  on  a wide  range  of  distillate 
fuels,  has  only  a few  moving  parts,  has 
no  need  for  a coolant  and  is  compact 
and  \ersatile.  The  Power  Pack,  incor- 
'porates  simple  control  system  with  auto- 
imatic  safeguards. 

i 

;THE  BRISTOL  COMPANY  of  Canada 
I Limited  has  announced  the  Dynamaster 
I Transmittance/Linear  Absorbance  Re- 
' corder  which  permits  full-scale  presenta- 
jtion  of  three  decades  of  linear  ab- 
isorbance  (optical  density)  with  a range 
iof  3.0-0  corresponding  to  0.100%  trans- 
j mittance.  Both  absorbance  and  transmit- 
I tance  scales  are  hnear.  This  recorder, 
j designed  to  operate  from  any  type  of 
f spectrophotometer  with  a millivolt  out- 
I put,  provides  absorbance  readings  with 
{ an  accuracy  of  ±/2%  of  absorbance  span 
I and  ±/4%  of  transmittance  span. 

I THE  DROCO  POWER  CONVEYOR 
! System  has  been  introduced  to  Canadian 
! industry  by  the  Galt  Wood  Toll  and 
Machine  Company  Limited.  The  con- 
veyors are  available  in  straight,  curved 
and  floor-to-floor  sections.  The  powered 
curves  which  are  available  in  a wide 
variety  of  inside  radii  offer  a substantial 
saving  in  space  and  manpower,  and  are 
of  interest  to  those  concerned  with  ma- 
terial handling  problems. 

TWO  NEW  LINES  developed  primarily 
for  the  original  equipment  and  produc- 
tion markets  have  been  introduced  by 
Killark  Electric  of  Canada  Ltd.  Series 
“Z”  cord  and  cable  connectors  provide 
a greater  mechanical  sealing  grip  for 
the  entrance  of  flexible  cord  and  cables 
to  electrical  equipment.  They  are  avail- 
able in  a variety  of  sizes,  laoth  in  the 
nut  type  and  clamp  type.  Each  type  in- 
cludes a tapered  rubber  internal  bushing 
wincli  imparts  a positive  seal  and  a firm 
grip  on  the  cord  or  cable.  A .series  of 
closc-coupled  conduit  elbows  has  also 
hc('n  developed  in  a variety  of  sizes,  in 
45  degree  and  90  degree  styles.  They  are 
inodueed  in  copper-free  aluminum  alloy 
by  tlie  permanent  mold  casting  process 
lor  greater  uniformity  and  overall 
quality. 

(Conliinicd  on  next  patie) 


Only  the  results 
will  tell  the  difference 


UNION  QUALITY 

INDUSTRIAL  PLATING 


Plating  may  look  alike  . . . but  into  Union  Industrial 
Plating  is  built  quality,  service  and  an  engineered 
approach  to  the  problem.  It  is  this  difference  which 
guarantees  results  and  means  low  cost  operation. 

Atomic  Energy  Reactor  Parts  plated  by  Union 
meet  full  specification  . . . 

Diesel  Engine  Parts  worn  in  service  and  plated  back 
to  original  tolerances  give  miles  more  service  . . . 

Paper  Mill  Rolls  plated  against  corrosion  produce 
higher  quality  paper  . . . 

The  list  is  endless  . . . industry  after  industry  have 
found  that  Union  Industrial  Plating  solves  many 
problems  economically. 


THE  UNION  SCREEN  PLATE  COMPANY 
OF  CANADA  (LIMITED) 

HEAD  OFFICE:  LENNOXVILLE,  QUE. 

3 PLANTS  TO  SERVE  YOU  - AT  STRATEGIC  LOCATIONS 
PLANT  and  SALES  OFFICES:  LENNOXVILLE,  MONTREAL,  P.Q.  and  BRAMPTON,  ONT. 
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Each  month  a different  panel  of  fifty  Journal  readers  from  across  Canada  is 
asked  to  nominate  an  award-winning  ad  of  their  choice  from  the  viewpoints 
of  ACCURACY  — INFORMATION  — ATTRACTION. 


Some  advertisements  are  so  striking  that 
they  become  monthly  aware  winners 
whenever  they  appear.  Such  is  the 
fortunate  position  the  Algoma  Steel 
Corporation  Limited  finds  itself  in  with 
the  winning  advertisement  for  March, 
which  appeared  on  page  65.  The  same 
advertisement  won  the  award  in  our 
December  issue. 

The  undoubted  key  to  the  advertise- 
ment’s success  was  a remarkably  colour- 
ful photograph  of  the  mill  floor  in  action 
with  (presumably)  the  white  hot  flange 
beams  being  produced.  Copy  gave  full 
credit  to  the  Canadian  mill  builders  and 
workmen  involved,  and  quoted  beam 
sizes  available. 

The  advertising  of  Algoma  Steel  is  under 
the  direction  of  Mr.  L.  Brown,  Admini- 
strative Assistant  to  the  President.  The 
winning  advertisement  was  produced  by 
the  Toronto  office  of  Cockfield,  Brown 
& Company  Limited,  Mr.  F.  D.  Adams, 
Account  Executive. 


EIC  CERTIFICATE  OF 
ADVERTISING  MERIT 


Sensitive  eye  tissue  can  be  destroyed  in  moments. 
Contamination  from  industrial  caustics  and  chemi- 
cals requires  instant  first  aid  . . . and  a HAWS 
Emergency  Eye-Wash  Fountain  can  mean  the 
difference  between  temporary  irritation  and  perma- 
nent injury!  Write  for  your  free  HAWS  catalog. 


EMERGENCY  EYE-WASH 


SPLIT 
SECOND 
SAFET'" 


Model  7300 

Cast  aluminum  receptor; 
twin  fountain  heads 
direct  automatically 
regulated  streams 
into  the  eyes. 


Since  1909 


EYE-WASH  FOUNTAINS 

A product  of  HAWS  DRINKING  FAUCET  COMPANY 

MONTREAL,  QUEBEC  NORTH  VANCOUVER,  B.C. 

R.  G.  K.  WARD.  LTD.  ROBERT  SOMERVILLE,  LTD. 
5719  Monkland  Aue.  2720  Crescentview  Drive 


SPUN  ROCK 

BLANKETS 

and 

PIPE  INSULATION 

for  Canadian  industry 

Has  all  the  features  expected  of  a 

good  thermal  insulation,  plus  these 

IMPORTANT  EXTRAS: 

• Long,  resilient,  stable  fibres; 
no  binder 

• Non-corrosive  to  any  metal 

• Withstands  continued 
vibration 

• Maximum  thermal  efficiency 
at  temperatures  as  high  as 
1200°  F. 

• Made  from  rock,  by  electric 
furnace  process. 

• Conforms  to  Commercial 
Standards  CS-1 17-49 

Technical  information  and  samples  available. 

SPUN  ROCK  WOOLS 

LIMITED 

Thorold  Ontario 

0001 


® Developments 

(Continued  from  page  169) 


A LOWER  COST  abrasion  and  chemi- 
cal resistant  topping  for  concrete,  wood 
and  metal  floors,  has  been  introduced 
by  the  Tremco  Manufacturing  Co.  (Can- 
ada) Ltd.,  Toronto.  Tradenamed  “Poly- 
trem  Flooring”,  this  topping  offers  high 
resistance  to  acids,  oils,  grease,  alkali, 
heated  liquids  and  heavy  steel  wheel 
trucking.  Surfaces  protected  with  Poly- 
trem  require  no  priming. 


AVAILABLE  FROM  Canadian  Westing- 
house  is  the  Type  SGR-18  automatic  re- 
closing relay  for  ac  circuit  breakers  with 
ac  or  dc  control  schemes.  The  reclosing 
circuit  is  energized  in  approximately 
one  cycle  after  the  breaker  opens  by  the 
single  reclosure,  self-reset  relay,  and 
resets  automatically  after  a time  delay 
if  the  breaker  trips  immediately  after 
initial  reclosure.  For  ac  control  appli- 
cations, the  SGR-18  recloser  contains 
an  internally-mounted  full  wave  silicon 
diode  rectifier  which  provides  a filtered 
dc  output  to  the  control  circuits. 

HIGH  POWER  SILICON  rectifiers  with 
a maximum  peak  reverse  voltage  rating 
to  1000  volts  at  240  amperes  are  avail- 
able from  Canadian  Westinghouse  Com- 
pany, Limited,  Switchgear  and  Control 
Division.  This  line,  type  439-P  to  439-Z, 
is  suitable  for  high-voltage,  high-current 
applications  including  electrochemical  re- 
fining, plating,  elevators,  cranes,  rail- 
way traction  and  power  supplies.  The 
line  features  an  alloyed  junction,  ceramic 
insulation,  a lifetime  hermetic  seal,  and 
hard  solder  construction  which  eliminates 
thermal  fatigue  problems.  Kï 
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CONSULTING 

SERVICES 


THE  WARNOCK  HERSEY  COMPANY  LTD. 

Consulting,  Inspection,  Expediting, 
Testing. 

Mechanical,  Electrical,  Civil  Inspections  • Soil  Mechanics 
ond  Site  Investigations  e Chemical  and  Physical  Tests  e 
X-Ray  ond  Ultrasonic  Examinations  e Research  e Industrial 
Appraisals  and  Surveys  e Expediting. 

Head  Office:  128  Elmslie  Street,  Montreal  32,  P.Q. 

Branch  offices:  Sf.  John's,  Nfld.,  Sydney,  Halifax,  Trenton, 
N.S.,  Saint  John,  N.B.,  Montreal,  Ottawa,  Peterborough, 
Toronto,  Hamilton,  London,  Windsor,  Sault  Ste.  Marie, 
Winnipeg,  Regina,  Edmonton,  Vancouver. 


WIGGS,  WALFORD,  FROST  & 
LINDSAY 

Consulting  Engineers 


INDUSTRIAL  SURVEYS,  REPORTS  AND  APPRAISALS 
CIVIL,  ELECTRICAL  AND  MECHANICAL  ENGINEERING 
DESIGNS,  SPECIFICATIONS  AND  SUPERVISION 


TORONTO  MONTREAL  OTTAWA 

Hudson  1-6496  HUnter  1-7741  CEntral  6-5371 


WOOD,  McADAM  & MAGOR 

Consulting  Engineers 

STRUCTURAL  - MECHANICAL  - ELECTRICAL 
DESIGNS,  SPECIFICATIONS  and  SUPERVISION 

4444  SHERBROOKE  ST.  WESTMOUNT,  P.Q. 
WE:  S-8S87-8S88 


e Library  Notes  (Continued  from  page  128) 

SURVEY  OF  MINES  1962. 

This  thirty-sixth  annual  edition  of  the  Survey  gives  in- 
formation on  thousands  of  Canadian  mining  companies, 
both  active  and  inaetive.  Also  included  are  maps  of  Cana- 
dian mineral  areas,  and  tables  showing  mineral  produetion, 
the  priee  range  of  mining  stocks,  and  the  price  range  of 
metals.  (Toronto,  Financial  Post,  1961.  338p.,  $5.00.) 


BASIC  MATHEMATICS,  VOL.  3. 

This  third  volume  of  a “pictured-text”  course  in  matlie- 
matics  shows  how  the  various  branches  of  mathematics  are 
developed  as  working  methods  in  mathematics.  It  covers 
orders  of  magnitude,  binary  arithmetic,  possibilities  and 
probabilities,  differentiation,  converging  series,  abstract 
functions,  integration,  conic  sections,  determinants  and  sys- 
tems of  coordinates.  (N.  H.  Crowhurst.  New  York,  Rider, 
1961.  137p.,  $3.90.) 


Eradiation  and  waves  in  plasmas. 

The  papers  constituting  this  book  are  based  on  seven 
talks  presented  during  Lockheed’s  Fifth  Annual  Magneto- 
hydrodynamics Symposium,  held  in  Palo  Alto  in  December, 
1960.  They  cover  kinetic  equations  for  plasma  and  radiation; 
static  equilibria,  stability,  and  wave  propagation  in  sym- 
metrical collisionless  plasmas;  the  electron-stream  model  of  a 
plasma,  and  the  problem  of  energy  conservation  in  Landau 
damping;  microwave  emission  from  ultra-energetic  plasmas; 
coherent  wave  propagation  properties  of  plasmas;  thermal 
generation  of  a fully  ionized  cesium  plasma;  and  Alfvén- 
wave  propagation.  (Ed.  by  Morton  Mitchner.  Stanford, 
University  Pr,  1961.  156p.,  $4.50.) 


POPULAR  LECTURES  IN  MATHEMATICS  SERIES 

Pergamon  Press  has  pubhshed  six  volumes  in  this  series 
translated  from  the  Russian.  The  lectures  were  intended 
primarily  for  advanced  high  school  students,  and  are  as 
follows:  volume  1,  The  method  of  mathematical  induction 
by  I.  S.  Sominskii;  volume  2,  Fibonacci  numbers  by  N.  N. 
Vorob’ev;  volume  3,  Some  applications  of  mechanics  to 
mathematics  by  V.  A.  Uspenskii;  volume  4,  Geometrical 
constructions  using  compasses  only;  volume  5,  The  ruler 
in  geometrical  constructions  by  A.  S.  Smogorzhevskii; 
volume  6,  Inequalities  by  P.  P.  Korovkin.  (London,  Perga- 
mon, 1961.  each  about  70  pages,  about  $1.50.) 


®ELEMENTARY  SURVEYING,  4tH  ED. 

Changes  in  this  new  edition  of  a basic  surveying  text  for 
college  and  general  use  include  a revision  and  expansion 
of  the  chapter  on  the  theory  of  measurements  and  errors 
and  limited  coverage  of  the  electronic  instruments  used 
in  linear  measurements.  The  use  of  the  tape  level,  plane 
table,  and  compass  are  included  with  extensive  coverage 
on  the  transit.  In  part  II  the  more  advanced  material  is 
introduced,  with  limited  coverage  of  photogrammetry,  field 
astronomy,  boundary  surveys,  and  industrial  apphcations  of 
surveying  methods.  (R.  C.  Brinker  and  W.  C.  Taylor.  Scran- 
ton, International  Textbook,  1961.  606p.,  $9.50.) 


TECHNICAL  PAPER  PREPRINTS 

Preprints  of  most  of  the  technical  papers  to  be  presented  at  the  Annual 
General  Meeting  of  the  Institute  have  been  prepared.  These  will  be  sold  at  a 
special  counter  near  the  registration  desk  in  the  Queen  Elizabeth  Hotel  during  the 
Annual  Meeting.  They  also  can  be  ordered  directly  from  the  Institute. 

The  price  is  50  cents  a copy  for  papers  up  to  eight  pages  in  length,  and  $1 
a copy  for  papers  more  than  eight  pages  in  length.  Mail  orders  should  be  prepaid. 
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Alchem  Limited  

Algoma  Steel  Corporation,  Limited,  The 

American  Air  Filter  of  Canada  Limited  

Anaconda  American  Brass  Limited  

Apeco  of  Canada  Limited  

Atlas  Copco  Canada  limited  
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Haws  Drinking  Faucet  Company  170 

Honeywell  Controls  Limited  19-20,  134-135 

Hopper,  C.  H 174 

Horton  Steel  Works  Limited  62-63 

Huffey,  A.  W 174 

IBM  21 

l-T-E  Circuit  Breaker  (Canada)  Limited  79 

Imperial  Oil  Limited  90 

Industrial  Development  Bank  69 

Inglis  Company  Limited,  John  2 

International  Business  Machines  Company  Limited  21 

International  Nickel  Company  Limited  24 

Jenkins  Bros,  limited  27 

Johnson-Anderson-Bruce  174 

Joy  Manufacturing  Company  (Canada)  Limited  1 

Kent  Limited,  George  107 

Kilborn  R.  K.  & Associates  175 

Manitoba  Hydro  47 

Marine  Industries  Limited  54 

Marion,  Marion,  Robic  & Bastien  175 

Marshall  Macklin  Monaghan  Limited  175 

Master  Builders  Company  Limited  IBC 

McNamara  Engineering  Limited  175 
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Giant  Foxboro  Magnetic  Flow  Meter  measures  | 
11,000  gallons  of  rock  slurry  a minute 


Exact  metering  of  slurry  velocity  prevents 
pipeline  breaks  for  Geo.  M.  Brewster 


In  three  and  a half  months,  Geo. 
M.  Brewster  & Son,  Inc.  filled  a 
65 -acre  swamp  with  more  than 
600,000  cubic  yards  of  gravel  — 
all  piped  in  as  slurry. 

The  rock  slurry  crackled 
through  a 16"  Foxboro  Magnetic 
Flow  Meter  at  11,000  gpm.  The 
big  meter’s  job:  keep  tabs  on 
velocity  to  prevent  line  breaks  or 
line  plugging. 

Metering  rock  slurry  is  easy 
with  the  Foxboro  Magnetic  Flow 
Meter.  That’s  because  it  has  no 
flow  restrictions  — no  orifice 


plates,  no  pressure  taps — nothing 
to  foul  or  plug  up.  Instead,  two 
electrodes,  flush-mounted  in  the 
tube  wall,  measure  flow  to  an 
accuracy  of  ±1%. 

The  Foxboro  Magnetic  Flow 
Meter  is  a simple  answer  to  the 
“impossible”  problem  of  meter- 
ing rock  slurry. 

It’s  likely  to  answer  your  tough 
flow  measurement  problems,  too. 
So  for  more  details,  write  for 
Bulletin  20-14.  The  Foxboro 
Company  Ltd.,  707  Dollard 
Avenue,  LaSalle,  Quebec. 

'^Reg.  in  Canada 


tOXBORO 

REGISTERED 

Montreal  • Saint  John,  N.  B.  • Toronto  • Sudbury  • Port  Arthur  • Edmonton  • Calgary  • Vancouver 
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Foxboro  Dynalog*  Recorder  receives  flow  meter  ^ 
signals  — enables  operator  to  regulate  pumping  rate.  1 


Brewster’s  pipe  spewed  rock  slurry  1 7 hours  a day  for 
SJA  months.  Foxboro  instruments  needed  no  repairs. 
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IN  THIS  ISSUE 


In  their  paper,  “Building  of  Hemispheres  of  High  Explo- 
sives from  Cast  Blocks”,  W,  J.  Ditto,  Head  of  the  Munitions 
Section,  Defence  Research  Board  of  Canada,  and  J.  Holds- 
worth.  Technical  Officer,  also  with  the  Defence  Research 
Board,  describe  the  investigations  of  shock  and  blast 
phenomena  in  free  air  brought  about  by  a requirement  for 
hemispherical  explosive  charges  to  be  burst  at  ground  level. 
The  aim  was  to  initiate  the  explosive  from  the  centre  and 
achieve  a symmetrical  shock  wave  through  the  surrounding 
atmosphere.  No  container  or  casing  was  to  be  used  be- 
cause debris  would  add  difficulties  to  instrumentation,  and 
might  affect  the  symmetry  of  the  shock  wave  produced. 
Cast  hemispheres  had  been  used  in  earlier  experiments, 
but  the  requirement  for  progressively  larger  charges  ex- 
tending into  the  multi-ton  range  brought  about  the  investi- 
gation of  the  block  method  of  construction.  This  introduced 
several  new  and  interesting  problems,  particularly  in  the 
preparation  of  the  cast  blocks  of  TNT  of  consistent  high 
density,  of  smooth  and  regular  surfaces  so  that  they  should 
fit  closely  together  and  of  a size  and  shape  that  should 
be  convenient  to  handle. 


Highly  compressible  marine  clay  is  the  most  common  soil 
in  the  vicinity  of  Ottawa  where  many  residential  districts 
have  been  affected  by  differential  settlements  of  founda- 
tions in  this  material.  In  an  attempt  to  correlate  degree 
of  damage  with  soil  characteristics  and  other  environmental 
influences,  detailed  settlement  studies  have  been  carried 
out.  In  this  paper,  “Soil  Shrinkage  Damages  Shallow  Foun- 
dations at  Ottawa,  Canada”,  M.  Bozozuk  shows  that  as  a 
result  of  these  studies,  differential  settlements  are  attri- 
buted to  the  influence  of  paved  streets,  sewers  and  trees, 
which  tend  to  lower  the  ground  water  table.  Loss  of  soil 
moisture  causes  the  clay  soil  to  shrink  with  the  result  that 
the  surface  of  the  ground  settles.  In  hot  and  dry  weather, 
the  great  demand  for  water  by  large  trees  increases  tlie 
problem,  and  if  the  trees  are  situated  too  close  to  the 
streets  or  buildings  large  local  settlements  may  cause 
considerable  damage. 


A man  may  enter  mining  engineering  through  either  a 
two-year  course  in  a technical  school,  more  particularly 
the  Provincial  Institute  of  Mining,  from  the  equivalent  of 
Grade  12  in  Ontario,  or  from  a four-year  course  in  a 
university  after  the  equivalent  of  Grade  13  in  Ontario. 
In  his  paper,  “Mining  Engineer  Education”,  A.  V.  Gorlett, 
Head,  Mining  Department,  Queen’s  University,  states  that 
about  one-third  to  one-half  of  the  entrants  enter  by  the 
technical  school  route.  The  two  groups  start  off  evenly 


for  traditionally  “the  only  way  to  learn  about  mining  is 
on-the-job”,  and  the  technical  school  men  who  have 
worked  on  a narrower  program  are  as  skilled  at  the  tech- 
nician level  as  the  young  engineer.  The  young  engineer’s 
skills  were  learned  in  the  lower  years  at  university,  as  a 
small  part  of  his  training. 

The  university  student  has  spent  about  30%  of  his  time 
on  fundamental  studies  common  to  all  engineers  and  50% 
on  cognate  subjects  such  as  geology  and  metallurgy.  Not 
much  of  his  time  was  spent  on  strictly  mining  subjects. 
A mining  engineer  must  know  more  about  abstruse  mine 
design  forces  than  any  other  engineer  knows  about  them. 
He  must  know  the  value  of  his  ore,  and  must  design 
systems  to  co-ordinate  the  work  of  men  and  machines  to 
move  it.  The  design  systems  which  constitute  mining  en- 
gineering are  based  on  data  that  has  varying  degrees  of 
reliability.  Mining  engineering  students  are  being  educated 
to  interpret  those  data.  If  industry  does  not  recognize  the 
utility  and  availability  of  that  talent,  our  efforts  are  wasted. 


In  tliis  paper,  “Magnetic  Inverters — A Review  of  Switching 
Processes”,  C.  H.  R.  Gampling,  M.E.I.G.,  Queen’s  Univer- 
sity, J.  A.  Bennett,  A.M.E.I.G.,  Queen’s  University  and  C.  H. 
O’Hara,  A.M.E.I.G  of  the  National  Research  Gouncil,  dis- 
cuss switching  in  single-phase  inverters  and  transient  locking 
phenomena  in  polyphase  inverters  The  class  of  inverters 
with  which  the  paper  deals  includes  those  in  which  the 
operating  frequency  and  (for  polyphase  inverters)  the  elec- 
trical angles  between  phases  are  determined  by  the 
characteristics  of  the  inverter  transformers.  Polyphase  units 
of  this  type  are  known  as  self-locking  inverters. 

Two  circuit  arrangements  are  presented  which  permit 
the  generation  of  pure  rectangular  voltage  waveforms  at 
arbitrary  voltage  levels  with  self-locking  inverters.  In 
addition  a simple  method  is  demonstrated  for  generating 
output  waveforms  which  are  stepped  approximations  to 
sinusoids. 


ERRATA 

Due  to  a mechanical  error,  one  complete  page  of  the  paper 
entitled,  “Modern  Techniques  Solve  Unusual  Log  Driving 
Problems”,  by  D.  M.  Foulds  and  G.  E.  Davidge,  was 
omitted  from  the  May  issue  of  the  Engineering  Journal. 
We  sincerely  regret  tlie  embarrassment  caused  to  the 
authors  and  the  inconvenience  caused  to  the  many  readers 
who  brought  this  to  our  attention.  Any  reader  wishing  a 
complete  copy  of  this  paper,  may  obtain  it  free  of  charge 
by  writing  tire  Editorial  Department  of  tlie  Engineering 
Journal. 


COVER  ILLUSTRATION 

The  use  of  explosives  is  common  in  many  engineering  projects,  and  by  many  engineering  disciplines. 
The  cover  illustration  symbolizes  this  general  use,  and  our  lead  paper.  Photo  courtesy  Canadian  Industries 

Limited. 
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AAF  dust-defense  ^tem 

at  work  for 
English  foundry 


Dust  is  the  universal  foundry  problem,  the 
inevitable  by-product  wherever  castings  are 
made.  Fortunately,  the  solution  is  universal  too: 
AAF  dust  control. 

A case  in  point  is  the  new  Thames  foundry 
of  Ford  Motor  Company,  Ltd.,  at  Dagenham, 
England.  AAF  collectors  here  are  exhausting 
700,000  cfm  of  dust-filled  air  from  core  sand 
mixing  plants,  core  grinding  lines,  moulding 
lines,  primary  and  vibratory  knockouts,  back- 


scrap  and  sand  preparation  plant,  chipping  and 
grinding  lines  and  abrasive  cleaning  plants. 

AAF’s  complete  line  of  dust  control  equip- 
ment was  application-developed,  now  challenges 
any  foundry  dust  control  problem — anywhere. 

For  more  information,  call  your  local  Ameri- 
can Air  Filter  representative  or  write  us  direct. 
Address;  American  Air  Filter  of  Canada  Ltd., 
400  Stinson  Blvd.,  Montreal  9. 


6214 


yV^r  ^Lmerican  Filter 

400  Stinson  Blvd,,  Montreal  9 


CANADA 
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BUILDING  HEMISPHERES 
OF  HIGH  EXPLOSIVES  FROM  CAST  BLOCKS 


500  POUNDS  TO  100  TONS 

JF.  J.  Ditto,  and  J.  Holdsworth 


NVESTIGATION  of  shock  and 
blast  phenomena  in  free  air  raised 
! a requirement  for  hemispherical  ex- 
I plosive  charges  to  be  burst  at  ground 
j level.  It  was  desired  to  create  a sym- 
metrical shock  wave  as  from  a point 
I source  on  the  ground.  This  was  to  be 
j achieved  by  a charge  of  hemispherical 
I shape,  flat  side  down  on  the  ground 
and  initiated  from  its  centre — that  is, 
the  centre  of  the  base  circle.  No  con- 
tainer or  casing  was  to  be  used  be- 
cause debris  was  to  be  excluded  from 
the  initial  wave  front. 

Five  hundred  pound  cast  hemi- 
j spheres  of  TNT  had  been  used  in 
I earlier  experiments  at  the  Suffield 
! Experimental  Station  at  Ralston,  Alta, 
j Because  it  was  desired  to  extend  the 
size  into  the  multi-ton  range  it  was 
I apparent  that  solid  casting  might  be- 
come impractical.  Therefore  it  was 
proposed  to  build  charges  of  approxi- 
mately the  desired  shape  from  cast 
blocks.  To  relate  the  performance  of 
the  solid  cast  and  the  block  built 
I charges,  the  first  block  built  designs 
I were  of  the  500  lb.  size.  By  using 
I cast  blocks  3%  in.  x SVa  in.  x 1%  in. 

! it  was  found  practical  to  build  a 
j 500  lb.  charge  approximating  a 
j hemisphere  and  giving  a performance 


on  detonation  which  matched  that  of 
the  solid  cast  hemisphere.  Having 
achieved  success  in  block  building  of 
charges  of  500  lb.  it  was  then  de- 
cided to  continue  this  system  for 
charges  of  many  tons.  However,  in 
the  multi-ton  range  it  was  felt  that 
the  unit  blocks  should  be  larger  and 
accordingly  a programme  was  set  in 
motion  for  casting  TNT  blocks  of 
approximately  33  lb.  weight,  and 
dimensions  12  in.  x 12  in.  x 4 in. 
Figure  1 shows  cross-sections  of  three 
charges  constructed  with  these  blocks. 

Casting  TNT  Blocks  and  Booster  Charges 
It  was  a prime  requirement  to 
achieve  high  density,  and  small  crys- 
tal size  in  the  blocks  as  well  as  ac- 
curate shape  and  dimensions.  Be- 
cause TNT  shrinks  a great  deal  as 
it  hardens,  and  because  rapid  cooling 
seems  to  produce  the  most  desirable 
crystalline  structure,  it  was  decided 
to  cool  the  molds  with  water  from  the 
bottom  region  and  up  the  sides  and 
maintain  a “hot  header”  of  liquid 
from  the  top  down  into  the  centre 
to  fill  in  for  shinkage.  Single  block 
molds  were  used.  These  were  made 
from  aluminium  plate,  pieces  being 


grooved  to  fit,  and  held  together  with 
clamps.  (Fig.  2) 

The  molds  were  arranged  in  groups 
of  six  inside  rectangular  aluminium 
water  tanks  and  riding  on  aluminium 
hand  trucks  for  easy  movement  from 
pouring  room  to  cooling  room  and  to 
the  block  removal  room.  Each  water 
tank  was  equipped  with  a hose  outlet 
so  that  water  level  could  be  con- 
trolled. (Fig.  3) 

Two  large  double-walled  alumin- 
ium tanks  were  used  to  melt  Grade  I 
flaked  TNT.  Water  at  temperatures 
around  97°  C.  was  circulated  be- 
tween the  walls  of  the  tanks.  A 
plunger  type  valve  and  spout  at  the 
base  of  each  tank  allowed  pouring 
directly  into  the  molds  in  position  on 
the  hand  trucks.  Long  stemmed  fun- 
nels were  used  to  minimize  the 
splash.  Splashing  of  liquid  TNT  on 
to  upper  portions  of  the  mold  while 
filling  the  lower  part  causes  “scaling” 
on  the  block  due  to  prehardening  of 
thin  layers  against  the  cool  metal. 
(Fig.  4) 

The  molds  were  not  pre-heated  and 
TNT  pouring  temperatures  of  around 
95°  C.  were  found  most  suitable. 
About  3 in.  of  the  header  reservoir 
was  filled  to  provide  excess  liquid. 


Fig.  1.  Cross  Sections  of  Newer  Charge  Designs. 


Fig.  2.  Twelve  Inch  Block  and  Mould. 
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Fig.  5.  Finished  Blocks  Ready  for  Weighing. 


The  molds  were  wheeled  from  the 
pouring  room  into  the  cooling  room 
where  cold  water  was  available  with 
suitable  valves  and  tubing  to  fill  the 
outer  tanks  with  water. 

In  order  to  maintain  a liquid 
header  as  the  blocks  cooled  from 
the  bottom  and  the  sides,  a steam 
probe  was  devised.  This  consisted  of 
a brass  tube  about  % in.  in  diameter, 
closed  at  the  lower  end  and  equipped 
with  a smaller  injection  tube  to  heat 
it  with  steam.  The  steam  probe  was 
inserted  down  through  the  pouring 
hole  in  the  top  plate  to  ensure  access 
of  liquid  into  the  central  regions  of 
the  block. 

It  was  found  most  satisfactory  to 
cool  the  molds  with  water  for  about 
45  minutes  and  then  to  allow  four  to 
five  hours  air  cooling  with  the  steam 
probes  maintaining  liquid  at  the  top. 


Fig.  3.  Moulds  with  Water  Baths  and  Steam  Probes  in  Cooling  Room. 


Fig.  4.  TNT  Melting  Tanks  with  Molds  in  Position  for  Pouring. 


Tolerances  for  the  blocks  were  set  as 

follows: — 

A.  Shape 

(1)  Faces  flat  within  0.05  in. 

(2)  Large  faces  parallel  within 
0.2°  of  arc. 

(3)  Mean  distance  between  large 
faces  4 in.  ± 0.02  in. 

(4)  Edge  faces  parallel  within 
0.3°  of  arc. 

(5)  Mean  distance  between  edge 
faces  12  in.  ± 0.03  in. 

(6)  Adjoining  faces  at  90°  within 
0.3°. 

B.  Surfaces 

(1)  Limit  of  surface  pits  on  one 
face  1 in^  area,  max.  depth 
0.4  in.,  max.  av.  depth  O.I  in. 

(2)  All  projections  to  be  removed. 

C.  Density 

Minimum  density  of  any  one 

block,  1.55. 


After  this  period  the  probes  were  re- 
moved and  the  mold  left  overnight 
before  removal  of  the  blocks. 

Because  of  further  shrinkage  after 
hardening  it  was  found  that  tire 
blocks  slid  out  of  the  molds  after  re- 
moval of  the  base  plate.  To  help 
remove  the  header  block,  it  was 
found  convenient  to  place  a brass 
handle  into  the  header  after  removal 
of  the  steam  probe.  On  hardeniirg 
of  the  TNT,  this  handle  with  one 
portion  protruding  from  the  top  af- 
forded a means  of  pulling  the  waste 
chunk  from  the  top  reservoir.  After 
cleaning,  the  molds  were  lightly 
lubricated  with  silicon  oil  before  re- 
use. (Figs.  5 & 6) 

A high  order  of  accuracy  was  re- 
quired to  ensure  a close  fitting  pile. 
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were  cast  using  the  TNT  block  molds, 
and  weighed  about  34  lb.  each,  with 
a density  of  1.63. 


For  the  20  ton  and  100  ton  charges 
the  boosters  were  made  up  of  stand- 
ard size  blocks  of  Tetrytol.  These 


Fig.  6.  Molds  in  Cleaning  Room. 


Some  fractional  size  blocks  were  re- 
quired for  trimming  the  outside  of  the 
piles.  Standard  TNT  blocks  were  cut 
with  a phosphor  bronze  saw  using  a 
wooden  mitre  box  flooded  with  water. 

Booster  charges  were  cast  from 
Tetrytol,  a mixture  of  crystalline 
Tetryl  and  TNT  in  proportion  70/30. 
For  the  five  ton  charges  the  booster 
consisted  of  two  cylinders  of  tetrytol 
4 in.  high,  one  being  12  in.  in  di- 
ameter sitting  on  the  other  which  was 
17  in.  in  diameter.  These  cylinders 
were  surrounded  by  specially  cast 
TNT  blocks  which  were  curved  to 
fit  the  contours  of  the  cylinders. 
(Fig.  7) 


Fig.  8.  Shelter  Building  for  100  Ton  Pile. 


Building  Charges  in  the  Field 

For  the  five  ton  charges  construc- 
tion took  but  a few  hours  and  there- 
fore each  of  these  was  built  on  the 
morning  of  a trial.  It  was  evident  that 
in  the  case  of  the  20  ton  charges 
about  two  days  would  be  required 
for  building.  This  raised  new  prob- 
lems because  of  such  things  as 
weather  hazards  and  the  effects  of 
solar  radiation  on  exposed  TNT.  It 
was  decided  to  place  lightning  rods 
on  opposite  sides  of  the  charge  and 
also  to  cover  the  charge  with  a suit- 
able tarpaulin.  When  it  came  to  con- 
structing the  100  ton  charge,  some- 
thing like  a week  would  be  needed. 
To  give  acceptable  working  condi- 
tions and  a reasonable  margin  of 
safety  from  weather,  dirt,  etc.,  it  was 
decided  to  use  a shelter  building 
which  could  be  taken  away  on  the 
day  of  the  trial  by  removing  one  end 


Fig.  7.  Cylindrical  Booster  Blocks,  Special  TNT  Blocks  and  the  Casting  Molds. 


and  raising  it  onto  wheels.  The  shelter 
building  chosen  was  of  a Nissen  Hut 
type  with  laminated  wooden  arches 
and  aluminium  sheeting.  (Fig.  8).  The 
two  flat  ends  were  made  of  plywood, 
and  two  doors  about  3 ft.  wide  were 
placed  in  one  end  to  give  access  for 
supplies  during  building.  The  other 
end  of  the  building  was  designed  for 
easy  removal.  Lightning  rods  were 
mounted  on  the  apex  of  the  roof  and 
electric  lighting  was  provided  inside 
with  explosion-proof  wiring  and  fix- 
tures. To  improve  the  accuracy  of 
alignment  in  the  field  two  transits 
were  set  np  about  30  ft.  from  charge 
centre  and  sighted  along  bvo  refer- 
ence lines  through  the  centi'e  and  at 
right  angles  to  each  other.  These 
transits  enabled  the  base  to  be  posi- 
tioned accurately  and  gave  a quick 
cheek  on  block  alieinment  at  anv  stage 
of  construction.  For  the  hundred 
tonner,  being  constructed  inside  the 
shelter  buikling,  four  plumb  bobs 
were  hung  close  to  the  walls  to  fur- 
nish relereuee  lines. 
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The  charges  were  laid  on  two  or 
three  layers  of  % in.  plywood.  A 4 oz. 
tetrytol  primer  was  recessed  into  the 
centre  of  the  plywood  base  and  con- 
tained two  cavities  for  detonators  on 
opposite  ends.  Aluminium  tubes  were 
laid  between  adjacent  sheets  in  the 
top  layer  leading  to  opposite  sides  of 
the  pile  and  the  charge  was  fuzed  by 
inserting  two  detonators  into  the 
primer  through  these  tubes.  The  de- 
tonators, of  No.  8 commercial  type, 
were  wired  in  parallel  to  a capacitor- 
discharge  firing  box  with  12  micro- 
farad capacity  charged  to  1600  volts. 

Special  containers  were  designed 
for  hauling  the  TNT  blocks  to  the 
field.  These  were  open  top  wooden 
boxes  with  inside  dimensions  of  4% 
in.  by  37  in.  with  plywood  sides  and 
bottoms  and  heavy  wooden  ends. 
They  were  lined  with  either  soft  rub- 
ber or  thick  corrugated  cardboard. 


Direction 
from  Centre 

Elevation 
above  horizontal 
{approx.  ) 

Inner 

Probe  No. 

Outer 

Probe  No. 

N 

0° 

1 

2 

N 

45° 

3 

4 

(vertical) 

90° 

5 

6 

S 

45° 

7 

8 

S 

0° 

9 

10 

w 

*Estimated  Max.  Error. 

45° 

11 

12 

to  this  probe  was  18.5  in.  The  second 
probe  was  installed  in  layer  seven  at 
a horizontal  distance  of  65.5  in.  from 
the  centre  and  26  in.  above  the  base. 
The  distance  from  the  centre  of  the 
charge  to  this  point  was  70.5  in.  Both 
probes  were  in  the  same  direction  in 
azimuth  from  the  centre.  The  signals 
from  the  probes  and  also  from  the 
firing  pulse  to  the  detonator  were 
recorded  on  Ampex  Magnetic  Tape  in 
the  “direct  record”  mode. 


Iw 


Fig.  9.  100  Ton  Charge. 


Each  box  held  three  blocks  sitting  on 
edge  end  to  end.  About  3 in.  of  the 
blocks  sat  above  the  top  edge  of  the 
box  so  that  they  were  convenient  for 
lifting  out.  For  transporting  the  boxes 
w^ere  placed  on  trucks  in  one  layer 
only  and  covered  with  canvas  for  pro- 
tection. As  a precaution  against  static- 
electric  discharge,  all  boxes,  covers, 
etc.  were  treated  with  lissapol  anti- 
static agent. 

Improvement  in  design  and  experi- 
ence in  the  field  increased  the  rate  of 
building  considerably.  Construction  of 
the  five  ton  charge  required  as  little 
as  45  minutes  actual  working  time. 
The  20  ton  charge  was  completed  in 
two  days  and  the  blocks  of  the  100 
ton  charge,  with  some  increase  in 
crew,  were  actually  stacked  in  three 
working  days.  (Fig.  9) 


The  detonation  velocity  for  creamed 
TNT  of  density  1.6  has  been  given 
to  be  about  6800/sec.  (1) 

In  the  100  ton  charge,  12  ioniza- 
tion probes  were  installed.  These  were 
placed  in  three  directions  from  the 
charge  centre  — six  inner  probes  at 
approximately  28  in.  from  the  charge 
centre,  and  six  outer  probes  at  about 
119  in.  from  centre.  Their  locations 
were  as  shown  at  top  of  page: — 
The  following  velocities  were  cal- 
culated between  respective  inner  and 
outer  probes: — 


Interval  Velocity  Estimated  Max.  i 

{Probe  Nos.)  {m/sec.)  Error  - {m/sec.) 


1-2 

6750 

120 

3-4 

6750 

120 

5-6 

6800 

95 

7-8 

6800 

120 

9-10 

6770 

120 

11-12 

6800 

170 

The  following  time  intervals  were 
measured. 

(1)  Firing  pulse  to  first  probe  — 
96  microsecs.  (±2)  * 

(2)  Firing  pulse  to  second  probe — 
290  microsecs.  (±2)  * 

The  functioning  time  of  the  detona- 
tors from  the  time  of  the  firing  pulse 
has  been  determined  from  a recent 
series  of  experiments  to  be  23  ix  secs 
(±  2). 

Thus  the  time  intervals  from  de- 
tonator functioning  to  wave  arrival  at 
the  probes  is  calculated  to  be: — 

(1)  Finst  probe  73|U,  secs  (±V  secs) 
Second  probe  194/j.  secs  (dz^/x  secs) 
giving  velocities: — 

Detonator  to  Probe  1 — 6400  m/sec 
Detonator  to  Probe  2 — 6700  m/sec 
Probe  1 to  Probe  2 — 6800  m/sec 


As  an  indication  of  the  shape  of 
the  emerging  detonation  wave  as  in- 
dicated by  the  relative  time  of  arrival 
at  the  six  outer  probe  positions,  the 
following  distances  from  charge 
centre  of  the  wave  at  one  point  in 
time  (445/a  secs  after  zero)  have  been 
calculated  at  bottom  of  this  page: — 
The  last  table  indicates  that  the 
detonation  wave  in  the  100  tonner 
appears  to  have  had  good  symmetry 
close  to  the  surface  of  the  charge. 
Although  it  is  beyond  the  scope  of 
this  paper  to  treat  the  qualities  of  the 
resultant  atmospheric  waves,  it  might 
be  mentioned  that  at  the  distances 
measured  by  both  pressure  gauges 
and  photo-optical  methods,  excellent 
sphericity  of  the  shock  wave  was  ob- 
served. 


Measurement  of  Detonation  Velocities 
and  Symmetry  of  Detonation  Wave 
In  the  20  ton  charge,  two  ionization 
probes  were  installed.  The  first  was 
located  close  to  the  base  of  the 
charge,  just  outside  of  the  tetrytol 
booster.  The  distance  from  the  centre 


Probe  No. 

Direction 
and  Elevation 

Distance  from 
Charge  Centre 
at  sec. 

Estimated 

Max.  Error 

2 

N -0° 

119.2  ins. 

±2.0  ins. 

4 

N -45° 

118.4  ins. 

2.1  ins. 

6 

vertical 

118.7  ins. 

1.7  ins. 

8 

S -45° 

118.2  ins. 

2.1  ins. 

10 

S -0° 

119.0  ins. 

2.0  ins. 

12 

W-45° 

118.7  ins. 

2.4  ins. 

Bibliography 

(1)  Cook,  M.  A.  1958  The  Science  of  ' i 
High  Explosives  , 

Reinhold  Pub.  Co.  ;i! 


32 


THE  ENGINEERING  JOURNAL 


JULY,  1962 


SOIL  SHRINKAGE 

DAMAGES  SHALLOW  FOUNDATIONS 
at  Ottawa,  Canada 

M.  Bozozuk 

Research  Officer,  Soil  Mechanics  Section,  Division  of  Building  Research. 


Fine  grained  soils  are  often 

very  sensitive  to  changes  in  soil 
moisture  content;  when  dried  they 
shrink  and  when  wetted  they  swell. 
The  resulting  ground  movements 
introduce  a serious  problem  in  the 
design  of  shallow  foundations. 
Torchinskyi*  and  B a r a c o s and 
Bozozuk^  have  reported  building 
settlement  problems  in  Eastern  and 
Western  Canada;  Dawson®  has  re- 
ported on  the  foundation  movements 
of  small  houses  erected  on  expansive 
soils  in  the  United  States;  Collins® 
and  Isaacs^®  have  described  founda- 
tion problems  in  South  Africa  and 
Australia,  respectively;  and  Ward^® 
has  shown  that  vertical  soil  move- 
ments depend  on  weather  conditions 
in  England. 


Fig.  1.  Damage  caused  by  differential  settlement. 


Damage  due  to  soil  shrinkage  is  a 
serious  problem  in  some  parts  of  the 
city  of  Ottawa.  In  many  residential 
buildings  large  cracks  similar  to  those 
shown  in  Fig.  1 may  be  seen,  and 
streets  and  sidewalks  are  affected.  In 
many  cases  an  undulating  riding  sur- 
face develops  in  a street  bordered  by 
a row  of  large  trees  (Fig.  2). 


Site  Studied 

In  1954,  the  Division  of  Building 
Research  of  the  National  Research 
Council  initiated  a program  to  study 
the  problem.  An  area  10  city  blocks 
by  three  was  selected  for  study.  In 
general,  the  buildings  within  this  area 


Fig.  2.  Uneven  settlement  of  sidewalk  near  large  maple  trees. 
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are  2y2-storey  brick  veneer  structures 
resting  on  limestone  block  basement 
foundations.  For  the  most  part,  they 
are  single  or  double  family  units  from 
60  to  80  years  old. 

Tlie  soil  profile  consists  of  a 4-ft. 
to  6-ft.  mantle  of  fine  sand  overlying 
a thick  stratum  of  sensitive  marine 
clay.  The  clay,  known  locally  as  Leda 
clay,  was  deposited  in  the  marine  en- 
vironment of  the  Champlain  Sea 
which  existed  in  the  Ottawa-St. 
Lawrence  River  Valleys  at  the  close 
of  the  last  glacial  period.  Gadd*’  ® 
and  Terasmae^®  have  shown  that  the 
sea  existed  in  late  glacial  time  and 
that  it  was  modified  by  the  inflow 
of  fresh  water  in  several  places.  These 
clays  were  then  exposed  by  the  sub- 
sequent uplift  which  occurred  after 
the  glaciers  had  disappeared.  Gener- 
ally, the  Leda  clays  are  associated 
w ith  high  sensitivity,  high  w^ater  con- 
tent and  low  strength.  A detailed 
account  of  these  properties  is  given 
by  Eden  and  Crawford.^ 

Damage  Surveys 

A house-to-house  survey  was  car- 
ried out  to  assess  the  extent  of 
possible  damage.  A total  of  574  struc- 
tures were  examined  from  the  outside 
on  two  separate  occasions  and  the 
damage  gi'aded  according  to  the  fol- 
lowing scale: 

Zone  1:  No  damage.  Structures  in 
very  good  condition. 

Zone  2:  Slight  damage.  Some  hair- 
line cracks  occurring  in  the 
exterior  brickwork,  range  of 
differential  settlement  0 to 
2 in. 

Zone  3:  Moderate  damage.  Gracks  in 
the  brickwork  up  to  Vs  in. 
wide,  differential  settlement 
up  to  4 in. 

Zone  4:  Heavy  damage.  Gracks  14 
in.  or  more,  window  and 
door  frames  distorted,  dif- 
ferential settlement  up  to  6 
in. 

Zone  5:  Severe  damage.  Gracks  up 
to  2 in.  wide,  window  and 
door  frames  badly  distorted 
and  the  walls  out  of  plumb, 
differential  settlement  ex- 
ceeds 6 in. 

Some  buildings  had  tilted  as  com- 
plete units  with  relatively  little  dam- 
age occurring.  Although  the  measured 
differential  settlements  were  quite 
large,  exceeding  the  ranges  given  in 
the  above  scale,  these  cases  were 
graded  from  no  damage  to  moderate. 

Figure  3 shows  a damage  intensity 
map  based  on  the  house  surveys. 
There  is  no  distinct  pattern  to  the 


areas  of  damage  intensity.  Severe 
damage  occurs  in  numerous  isolated 
locations  with  the  greatest  concen- 
tration of  heavy  damage  centred  near 
Waverly  and  Lewis  Streets  in  the 
south  of  the  area  and  near  Lisgar  and 
Nepean  Streets  in  the  north.  Mac- 
Laren,  Somerset  and  Gooper  Streets 
consist  mainly  of  zones  of  no  damage 
to  moderate  damage.  Although  all  the 
houses  are  of  about  the  same  age  and 
of  similar  construction,  the  principal 
difference  appears  to  be  that  in  these 
zones  the  lawns  and  gardens  are 
given  more  care  and  the  trees  are 
much  farther  away  from  the  struc- 
tures. 

Solar  orientation  of  the  houses  ap- 
peared to  have  little  effect  on  the 
location  of  settlements.  Most  of  the 
houses  appeared  to  slope  towards  the 


streets  regardless  of  the  damage 
zones.  The  worst  damage  occurred 
when  trees  grew  close  to  the  struc- 
tures. 

The  damage  survey  was  reported 
in  more  detail  on  77  houses  located 
along  the  south  side  of  Waverly  Street 
between  Bank  and  Elgin;  the  south 
side  of  Somerset  Street  between  Bank 
and  Elgin;  the  west  side  of  O’Gonnor 
between  MacLaren  and  Somerset; 
and  along  both  sides  of  Metcalfe 
Street  between  McLeod  and  Gilmour 
Streets.  To  determine  settlement,  ele- 
vations were  measured  around  the 
perimeter  of  the  house  at  the  first 
brickline.  Assuming  that  the  houses 
had  been  constructed  level,  the 
amount  of  differential  settlement  was 
obtained. 

Angular  deformation  in  the  walls 


Fig.  3.  Damage  intensity  map  of  central  Ottawa. 
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TABLE  I 

Analysis  of  Building  Damage  in  Central  Ottawa 

Distribution 

of  Settlement*  Differential 

per  cent  Settlement,  in. 


Cases 

with 

No.  of  Trees 


Zone 

Damage, 

Houses 

Present, 

No. 

degree 

Surveyed 

per  cent 

Back 

Side 

Front 

Min. 

Max. 

Average 

Angular  Deformation 

1 

No  damage 

23 

70 

17 

30 

57 

0.6 

3.0 

1.3 

1/180 orO.7 in.  in  10ft. 

2 

Slight 

20 

85 

40 

20 

60 

1.0 

3.4 

2.0 

1 /120  or  1.0  in.  in  10  ft. 

3 

Moderate 

17 

88 

18 

29 

77 

1.7 

5.3 

3.1 

1 /90  or  1.4  in.  in  10  ft. 

4 

5 

Heavy 

Severe 

13 

4 

92 

100 

23 

25 

23 

50 

92 

100 

3.4 

5.9 

6.2 

14.0 

4.7 

9.4 

1/50  or  2.5  in.  in  10  ft. 

*Settlements  have  occurred  on  more  than  one  side  of  some  houses.  Therefore  the  total  per  cent  distribution  of  settlement  for  front. 


I back  and  side  may  exceed  100  per  cent. 

I 

I was  determined  by  dividing  the  maxi- 
i mum  differential  settlement  by  the 
I distance  over  which  it  occurred,  using 
! a minimum  distance  of  10  ft.  for  this 
t purpose.  Houses  which  had  tilted  and 
were  undamaged  had  very  small 
! angidar  deformations.  The  results  of 
: the  survey  are  given  in  Table  I. 

j Relation  of  Deformation  to  Damage 

The  average  settlement  in  the  “no 
j damage”  zone  was  1.3  in.,  producing 
I an  angular  deformation  of  1/180  or 
0.7  in.  in  10  ft.  Badly  damaged 
j houses  had  an  angular  deformation  of 
i 1/50.  Skempton  and  MacDonald^^ 
I showed  that  the  maximum  angular 
! deformation  for  “no  damage”  condi- 
j tions  for  large  heavy  structures  was 
I 1/300,  which  is  considerably  less  than 
that  measured  in  this  survey.  They 
j concluded,  however,  that  if  settle- 
j ment  proceeded  at  a slow  enough 
rate,  much  larger  deformations  could 
take  place  without  damage  to  the 
stiucture. 

The  National  Bureau  of  Standards 
has  issued  numerous  building  mate- 
rials and  structures  reports  giving  the 
results  of  racking  tests  on  8 ft.  by  8 ft. 
walls  made  of  various  building  mate- 
rials. These  tests  were  reviewed  and 
an  angular  deformation  at  first  crack 


determined  for  various  walls  by  di- 
viding the  strain  by  the  wall  height. 
Angular  deformations  were  obtained 
for  wood  frame  walls  sheathed  in 
fiberboard,  plywood,  gypsum  board 
and  plaster,  and  for  walls  constructed 
of  clay  tiles,  brick  and  concrete 
blocks.  These  results  are  given  in 
Table  II. 

The  racking  tests  described  in  these 
reports^^  show  that  wood  frame  walls 
are  more  flexible  than  solid  masonry 
walls  by  a factor  of  10.  Fiberboard, 
plywood,  gypsum  board  and  plaster 
walls  can  withstand  an  angular  de- 
formation of  from  1/60  to  1/270  in 
the  laboratory,  whereas  solid  masonry 
walls  withstood  values  of  only  1/500 
to  1/1000.  Field  observations  in 
Ottawa  show  that  masonry  walls  have 
withstood  angular  deformations  of 
1/180  without  distress.  Deformations 
in  the  field  occurred,  however,  over 
a period  of  60  years  or  more,  a very 
slow  rate  of  deformation  compared 
with  the  laboratory  tests  which  were 
completed  in  a matter  of  hours. 

Soil  Survey 

Fifty -five  soil  borings  were  made  in 
the  various  zones  at  the  locations 
shown  in  Fig.  3 in  order  to  correlate 
damage  intensity  with  soil  type.  The 


borings  were  made  by  hand  with  a 
IVz  in.  spiral  auger  to  a maximum 
depth  of  14  ft.,  and  the  disturbed  soil 
samples  tested  in  the  laboratory.  The 
water  contents,  maximum  liquid  limits 
and  the  plastic  limits  of  the  soils  in 
the  five  zones  are  plotted  in  Fig.  4. 

There  is  no  distinct  change  in 
Atterberg  limits  of  the  soil  from  one 
zone  to  the  other.  The  plastic  limits 
in  every  case  vary  from  25%  to  30% 
and  the  liquid  limits  from  70%  to 
80%.  The  mean  water  content  in  re- 
lation to  depth,  determined  mathe- 
matically by  the  method  of  least 
squares,  shows  that  it  is  similar  in  the 
five  zones.  The  principal  difference  is 
that  the  maximum  range  in  water 
content  is  greater  in  the  zone  of 
severe  damage  than  in  the  zone  of 
no  damage.  The  maximum  moisture 
content  deviation  from  the  mean  in 
zone  one  was  about  13%,  in  zone 
three  about  19%  and  in  zone  five 
about  27%.  It  appears  that  the  de- 
gree of  damage  is  reflected  in  the 
variation  in  the  water  content  of  the 
soil,  and  that  this  variation  has  re- 
sulted from  differential  degrees  of 
drying. 

Borings  made  near  a house  at  the 
corner  of  Metcalfe  and  Frank  Streets 
showed  that  the  average  water  con- 


Fig.  4.  Properties  of  the  soils  in  the  five  zones  of  damage  in  central  Ottawa. 
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TABLE  II 

Angular  Deformation  at  First  Crack  (Cracking  Modulus)  Obtained  from 
Racking  Tests  on  8 x 8 ft.  Walls  of  Various  Materials. 


water  table  and  reduce  the  soil  water  t . 
content  by  5 to  15%.  ■ 

Mechanism  of  Soil  Movement  | 


Description  of  Wall* 


Angular  Deformation  Ratio 


Fiberboard  or  plywood  facing  on  wood  frames 
Gypsum  board  or  fiberboard  with  plaster  on  wood 
frames 

Structural  clay  tiles  with  cement-lime  mortar 
Clay  brick  units  with  cement-lime  mortar 
Concrete  block  units  with  cement-lime  mortar 


1/60  to  1/170 

1/150  to  1/270 
1/1000 

1/500  to  1/1000 
1/1000 


*See  the  list  of  references  for  the  XBS  reports  used  in  developing  this  table. 


tent  of  the  clay  soil  from  a depth  of 
6 to  12  ft.  was  50%  near  the  point  of 
maximum  settlement  and  75%  at  the 
opposite  side  of  the  house  where  no 
settlements  were  measured.  In  other 
locations  as  well,  the  driest  subsoils 
were  always  found  where  maximum 
settlements  occurred.  This  was  gener- 
ally in  the  front  of  the  house  facing 
the  street  as  shown  in  Table  I. 

Three  open  standpipes  were  in- 
stalled to  a depth  of  12  ft.  between 
Frank  and  'Waverly  Streets  at  the 
locations  shown  in  Fig.  5 in  order  to 
measure  variations  of  the  ground 
water  table.  Observations  for  the 
period  1955  to  1957  showed  it  to  be 
always  3 to  5 ft.  lower  near  the  paved 
streets  than  in  the  middle  of  the  back 
yard.  It  is  clear  that  the  streets  tended 
to  drain  away  surface  water,  causing 
a lowering  of  the  ground  water  table 
and  a gradual  drying  out  of  the  sub- 
soil. Sewers  running  beneath  the 
streets  would  also  contribute  to  drain- 
age of  free  water. 

Influence  of  Trees 

From  the  initial  damage  survey  it 
was  evident  that  large  trees  were 
causing  most  of  the  trouble  through 


their  abilitv  to  draw  water  from  the 
soil  and  pass  it  to  the  atmosphere  by 
transpiration.  Croney  and  Lewis  ® have 
shown  that  vegetation  can  cause  con- 
siderable damage  to  roads  in  periods 
of  drought.  Ward  and  Skempton 
attributed  building  damage  to  the 
action  of  fast-growing  trees.  Based  on 
these  investigations,  the  British  Build- 
ing Research  Station  recommended 
that  structures  be  separated  from 
trees  by  a “safe  distance”  equal  to 
the  height  of  the  trees 

Special  gauges  were  installed  at 
various  depths  and  distances  from  a 
row  of  55  ft.  high  elm  trees  growing 
in  Leda  clay  at  the  Building  Research 
Centre  ^ to  study  the  effect  of  tree 
root  systems  on  soil  water  content  and 
ground  movements.  The  results  for 
1955  replotted  in  Fig.  6 show  that 
even  at  a depth  of  13  ft.  a vertical 
movement  of  Vz  in.  was  recorded 
within  a horizontal  distance  of  20  ft. 
At  a depth  of  5 ft.,  common  for 
foundations  in  the  area,  the  move- 
ments varied  from  a maximum  of  2y4 
in.  5 ft.  from  the  trees  to  % in.  30  ft. 
away.  Figure  7 shows  that  trees  have 
a considerable  effect  on  the  ground 


The  mechanism  which  appears  to 
have  caused  increasing  settlement  of 
shallow  foundations  over  a period  of 
years  can  be  explained  from  field  and 
laboratory  observations  together  with 
soil  physics  considerations. 

Leda  clay  retains  a high  water  con- 
tent in  its  natural  state.  It  is  charac- 
teristic of  marine  clays  to  settle  out 
in  a flocculated  structure  with  a par- 
ticle arrangement  in  which  edge  to 
face  contact  is  dominant  Warkentin 
and  Bozozuk  have  shown  in  the 
laboratory  that  this  clay  exhibits 
large  volume  shrinkage  on  drying, 
with  limited  swelling  on  rewetting. 
During  shrinkage  the  plate-like  clay 
particles  are  thought  to  align  them- 
selves into  a more  nearly  parallel 
arrangement  as  they  approach  each 
other.  Due  to  the  low  osmotic  swell- 
ing and  the  changed  structure,  the 
clay  will  not  regain  its  original  state 
on  rewetting.  Swelling  in  the  vertical 
direction  is  greater  than  in  the  hori- 
zontal. Repeating  the  drying  and  wet- 
ting cycles  decreases  the  regain  fur- 
ther owing  to  the  additional  reorienta- 
tion of  particles.  Eventually  a point 
may  be  reached  when  no  further  re- 
orientation of  particles  can  take  place. 
At  this  time  the  volume  changes 
should  be  reversible. 

The  degree  of  drying  and  the  num- 
ber of  dry-wet  cycles  will  govern  the 
amount  of  volume  regain  upon  re- 
wetting in  the  field.  The  natural 
shrinking  and  swelling  of  the  surface 
soils  are  probably  completely  rever- 
sible because  of  the  frequent  dry-wet 
cycles  they  have  experienced.  Growth 


Fig.  6.  Variation  in  maximum  vertical  ground  movements  in  Leda  clay  near  elm 
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of  large  trees  in  these  soils  causes 
them  to  dry  out  to  much  greater 
depths,  much  more  soil  is  subjected 
to  drying  and  wetting,  and  the 
; ground  movements  consequently  be- 
come much  greater.  The  decrease  of 
soil  moisture  and  the  change  in  the 
structure  of  the  soil  accounts  for  the 
depressions  around  the  trees  and  the 
large  differential  settlements  in  streets 
and  structures.  Similarly  paved  streets 
and  sewers  which  intercept  and  drain 
away  surface  water  cause  the  soils 
to  dry  out  gradually  and  to  shrink. 
This  process  is  not  reversible.  Rewet- 
; ting  will  not  restore  completely  the 
: original  volume. 

Based  on  this  reasoning  it  is  ap- 
parent that  frequent  surface  watering 
to  prevent  the  clayey  subsoils  from 
drying  out  will  reduce  shrinkage  dur- 
, ing  the  summer.  Small  trees,  or  those 
which  do  not  require  large  amounts 
of  water,  should  be  selected  for  new 
planting.  Large,  fast-growing  trees 
should  be  kept  as  far  away  as  possible 
from  houses  with  shallow  foundations. 
In  addition,  placing  foundations  at 
I such  depths  where  seasonal  moisture 
changes  are  small  and  far  from  trees 
and  streets  will  lessen  the  risk  of 
foundation  movement. 

Conclusions 

A survey  of  residential  buildings  in 
, central  Ottawa  revealed  a wide  range 
^ of  damage  intensity  due  to  settlement. 
The  maximum  angular  deformation 
, for  no  damage  conditions  in  brick 
houses  appeared  to  be  1/180.  Greater 
angular  deformations  produced  cracks 
in  the  exterior  walls.  Laboratory  rack- 
ing tests  carried  out  by  the  U.S. 


National  Bureau  of  Standards  show'ed 
that  masonry  walls  could  only  with- 
stand deformations  of  1/1000,  al- 
though wood  frame  walls  could  with- 
stand much  greater  deformations 
without  damage. 

An  investigation  of  the  properties 
of  the  soil  in  the  five  zones  of  damage 
showed  no  distinct  variations.  There 
was  a greater  variation  in  the  water 
content  of  the  soil,  indicating  greater 
differential  shrinkage,  in  the  zone  of 
severe  damage  than  in  that  where  no 
damage  occurred. 

Paved  streets  and  sewers  tend  to 
drain  away  surface  water  and  cause 
a lowering  of  the  ground  water  table 
and  a reduction  of  the  water  content 
of  the  soil.  The  subsequent  shrinkage 
in  soil  volume  changes  the  structure 
of  the  soil  and  causes  settlement  of 
the  ground  surface.  Consequently 
buildings  on  clay  soils  in  Ottawa  show 
greater  settlements  on  the  sides  facing 
paved  streets. 

Large  trees  can  cause  severe  settle- 
ments in  buildings  and  damage  to 
streets  and  sidewalks.  By  removing 
water  through  their  root  systems  they 
cause  a local  drying  out  of  the  soil. 
The  resulting  non-uniform  settle- 
ments can  cause  severe  cracking  in 
buildings  and  a “roller  coaster”  sur- 
face in  a roadway. 

Drying  of  undisturbed  Leda  clay 
breaks  down  its  flocculated  structure, 
forcing  the  plate-like  particles  into  a 
more  nearly  parallel  arrangement.  Be- 
cause it  also  has  low  osmotic  swelling, 
this  clay  does  not  completely  regain 
its  original  volume  on  wetting. 

To  minimize  the  effects  of  ground 
movements  in  clays,  lawns  and  gar- 


dens should  be  watered  frequently 
during  the  summer  months  to  prevent 
the  soil  from  drying  out.  Trees  should 
not  be  planted  too  close  to  structures, 
and  if  possible  foundations  should  be 
placed  at  a depth  in  the  soil  where 
seasonal  moisture  changes  are  a mini- 
mum. 
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A FADED  PICTURE  of  a mining 
engineer  represented  him  as  an 
ingenious  fellow,  able  to  cope  with 
any  emergency,  but  not  particularly 
urbane.  He  really  was  a rough  dia- 
mond, quite  at  home  in  a ballroom 
when  he  shed  his  corduroys,  flannel 
.shirt  and  high  boots.  He  didn’t  actual- 
ly have  much  engineering  talent  but 
he  could  get  things  done. 

Ten  per  cent  of  all  engineering  stu- 
dents graduated  in  mining  engineer- 
ing then.  Mineral  production  in  Can- 
ada was  valued  at  about  $225  million. 
The  rough  diamond  has  lost  his  glam- 
our, and  now  only  about  2%  of  engi- 
neering students  graduate  as  mining 
engineers.  Mineral  production  in  Can- 
ada is  now  valued  at  more  than  $2,000 
million. 

Unfortunately  the  image  was  be- 
lieved by  too  many  mining  engineers 
and  employers  of  mining  engineers. 
Much  of  the  capability  of  the  young 
graduates  was  lost  through  neglect 
to  develop  them.  Their  entry  into  min- 
ing engineering  was  through  the  labor 
force,  learning  to  do  by  doing,  or 
through  the  survey  office. 

Industry  is  aware  that  the  gradu- 
ates of  a technical  school  can  learn 
to  do  by  doing  as  well  as  university 
training  was  in  skills.  What  is  more, 
graduates  can,  and  they  can  probably 
do  better,  as  surveyors  or  assayers, 
because  a higher  percentage  of  their 
after  being  instructed  in  the  skills, 
they  did  not  spend  another  two  years 
studying  theories.  A third  to  a half  of 
the  entrants  to  mining  engineering 
staffs  are  from  the  Ontario  Provincial 


Institute  of  Mining.  A good  man,  with 
a technical  school  background,  can 
excel  in  mining  engineering  and  if  he 
can  excel  in  mining,  he  would  be  a 
good  man  anywhere. 

Mining  engineering  is  difficult.  The 
engineer  has  to  contend  with  the  per- 
versity, not  only  of  inanimate  objects, 
but  of  men.  The  complexity  of  opera- 
tion and  the  competition  from  other 
countries  is  increasing. 

This  paper  is  intended  to  objective- 
ly examine  the  field  of  mining  engi- 
neering, and  what  must  be  done  in 
education,  to  meet  tbe  increased  de- 
mands on  the  profession,  with  newly 
recognized  principles.  Mining  is  not 
the  only  field  that  can  use  the  new 
developments  in  mining  engineering 
and  there  is  an  attempt  to  provide 
other  engineers  with  information  that 
may  help  in  some  of  their  problems. 

The  term  “optimum”  will  be  used 
frequently.  It  implies  a compromise 
among  the  elements  of  a system.  A 
program  may  call  for  something  less 
than  the  best  from  one  or  more  ele- 
ments but  still  be  the  best  overall 
solution  to  a problem. 

Scope  of  Mining  Engineering 

A mineral  industry  project  is  initi- 
ated by  a discovery  of  valuable  miner- 
al and  the  end  product  is  a commod- 
ity that  will  meet  the  requirements 
of  a purchaser.  Geology  is  the  study 
of  the  combination  of  events  that 
bring  about  a concentration  of  miner- 
als that  can  be  worked  at  a profit.  It 
also  provides  structural  information 
that  is  valuable  to  the  mining  engi- 


neer in  rock  mechanics.  The  end  i!| 
product  is  usually  processed  by  a 
metallurgist.  The  mining  engineer  U 
works  in  the  middle  area.  He  is  the  1 
man  responsible  for  the  production  of  p : 
the  mineral.  His  scope,  if  shown  by  a 
graph  between  an  ordinate  represent-  ii 
ing  the  geologist’s  field  and  another  {f 
representing  the  metallurgist’s  field,  i 
resembles  the  curve  of  a normal  dis-  pi 
tribution,  intersected  on  one  limb  at  1 
about  one  standard  deviation,  on  the  |j! 
other  limb  by  the  metallurgy  field,  Ï 
again  at  about  one  standard  devia- 
tion.  The  overlap  is  needed  to  provide  I 
the  mining  engineer  with  a sufficient  | ■ 
appreciation  of  the  kindred  fields  to  l! 
properly  design,  operate,  and  valuate  j 
the  project.  Î 

Valuation  is  a test  of  his  activities  t . 
but  the  central  area  under  the  curve  is  | ' 
his  and  the  principal  activities  are  | 
ground  control  and  materials  handling.  Ii 

Ground  Control  1 

The  long-standing  approach  to  j;! 
ground  control  is  trial  and  error,  tem-  r 
pered  by  experience.  Mining  is  a one-  j; 
shot  operation.  An  error  cannot  be  f 
corrected.  The  site  can  be  abandoned, 
or  remedial  action  taken,  but  the  pro-  j 
cess  is  expensive.  The  result  of  an  Ij 
error  may  not  be  apparent  for  years  | 
and  then  it  may  only  be  revealed  by  ji' 
destructive  rock-bursts.  Experience  ji 
has  been  the  only  guide  available,  |' 
but  during  the  past  few  years,  pro-  p 
gress  has  been  made  toward  estab-  j;! 
lishing  a rational,  scientific  approach  | 
to  ground  control.  j 
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The  breaking  strain  is  well  known 
to  engineers,  but  most  engineers  are 
in  control  of  the  forces  that  could 
bring  it  about,  and  they  work  with 
materials  whose  behaviour  is  predict- 
able. The  mining  engineer  is  not  in 
control  of  the  forces  that  he  designs 
against,  or  the  materials  entering  into 
giound  control.  He  has  to  learn  to 
recognize  them  and  accommodate  his 
excavations  to  either  utilize  or  neutral- 
ize them.  If  he  is  wrong,  he  cannot 
tear  the  structure  down  and  start 
over  again. 


Materials  Handling 

The  mining  engineer  takes  ore  from 
in  place  and  moves  it  out  of  the 
mine.  He  must  do  it  efficiently.  Iron 
ore  is  worth  less  tlian  $11.50  per  ton 
at  Lake  Erie  ports,  and  South  Am- 
erican mines  are  competitors  there. 
It  is  cheaper  than  dirt  at  Knob  Lake 
more  than  1300  miles  away  by  rail 
and  water  routes. 

The  objective  of  material  handling 
is  the  optimum  cost  and  the  agencies 
are  people  and  equipment.  Equipment 
must  be  chosen  carefully.  Capacities 
and  cost  are  high.  So  is  the  skill  re- 
quired by  equipment  operators.  The 
engineer  must  be  able  to  organize 
and  direct  their  work.  The  boss  can- 
not just  point  and  kick. 

Systems  are  built  around  equip- 
ment. Balance  is  a prerequisite.  That 
involves  allocation,  linear  program- 
ming, scheduling,  and  queueing  prob- 
lems. These  are  only  formal  names 
for  what  has  been  done  for  years  in 
an  informal  way,  when  the  stakes 
were  not  so  high.  The  engineer  must 
be  prepared  to  meet  that  challenge, 
and  others  that  are  not  yet  recog- 
nized. 


Mining  Engineering  Curricula 

Certain  fundamental  studies  are 
common  to  all  branches  of  engineer- 
ing— English,  mathematics,  physics, 
chemistry  and  mechanics  of  materi- 
als. That  program  is  accompanied  by 
training  in  skills  — surveying,  draw- 
ing, and  laboratory  measurements  — 
which  are  introduced  in  the  first  and 
second  years,  but  receive  limited  at- 
tention thereafter. 

Other  subjects  required  for  min- 
ing engineering  are  geology,  mineral 
dressing  and  elementary  courses  in 
extractive  metallurgy,  in  hydraulics, 
in  mechanical  engineering  and  in  elec- 
trical engineering.  Those  are  sup- 
porting subjects  for  the  mining  engi- 
neering studies  which  are  concerned 
with  ground  control,  .systems  engi- 
neering and  administration. 

A new  mathematical  .system  of  an- 
alysis is  available  which  is  most  use- 
lul  to  mining  engineers.  It  is  stati.sti- 
cal  analysis  and  is  used  to  examine 


data  for  interpretation  and  signifi- 
cance. No  engineer  is  more  depend- 
ent on  sample  data  than  the  mining 
engineer  in  ground  control,  systems 
engineering,  administration,  and  val- 
uation. 

Ground  Control 

The  pattern  of  the  excavation  in  a 
mine  is  controlled  by  the  geometry 
of  the  ore  bodies,  the  parameters  that 
determine  the  behaviour  of  the  rocks 
that  surround  the  openings,  and  the 
system  designed  to  mine  the  ore. 
The  design  will  be  an  optimum  com- 
promise among  the  controls.  The  geo- 
metrical design  of  the  openings  is 
based  on  rock  mechanics. 

Rock  Mechanics:  Rock  Mechan- 
ics is  the  study  of  the  rheology  of 
geological  materials  with  emphasis 
on  those  materials  that,  in  practice, 
are  regarded  as  rock  rather  than  soil. 
The  starting  point  of  rock  mechanics 
is  mechanics  of  materials  but  there  is 
a rapid  divergence  because  rock  is  not 
an  elastic  substance,  except  under 
instantaneous  loading.  So  far,  it  is 
best  studied  as  a rheological  material. 
Few  of  the  precepts  of  mechanics  of 
materials,  or  the  theory  of  elasticity, 
are  useful  beyond  instantaneous  load- 
ing and  relief. 

The  engineering  material  that  most 
closely  resembles  rock  is  concrete.  It 
is  heterogenous  and  has  rheological 
properties.  A designer  would  not  load 
it  to  its  ultimate  strength.  The  design 
of  most  mechanisms  is  based  on  loads 
that  are  predictable  because  they  are 
assigned.  The  mining  engineer  has 
to  accept  a condition  of  triaxial  primi- 
tive stress  that  in  any  site  may  have 
any  orientation  and  magnitude  for 
the  components.  Those  attributes  will 
not  be  stable.  They  are  time-depend- 
ent. The  excavations  must  accommo- 
date the  stress  pattern.  Only  in  the 
past  few  years  have  engineers  suc- 
cessfully determined  the  orientation 
and  measured  the  magnitudes  of  the 
stress  components,  even  qualitative- 
ly. Progress  is  being  made  in  mining 
research  techniques  to  give  precise 
measurements. 

System  Design 

The  high  cost  of  labor  and  the  dis- 
parity between  the  increase  in  the 
price  indices  of  mineral  products  and 
those  of  labor  and  of  commodities, 
coupled  with  the  necessity  to  work 
lower  grade  deposits,  has  forced  the 
use  of  elaborate  and  costly  ecjuip- 
ment,  operated  by  highly  paid  skilled 
men.  The  result  is  that  each  operat- 
ing unit  must  produce  at  its  maximum 
capability. 

The  .system  must  be  in  balance. 
That  requires  the  engineer  to  know. 


from  work  study  data  what  a machine 
can  do  in  an  environment.  The  inter- 
dependence of  units  can  be  accom- 
modated in  an  optimum  manner,  by 
the  application  of  statistical  and  other 
mathematical  studies  of  performance 
data.  Similar  techniques  can  improve 
maintenance  of  machines  and  travel- 
ways.  Problems  involving  these  ap- 
plications of  scientific  principles  be- 
long in  the  curriculum. 

Equipment  Maintenance 

The  objective  is  to  keep  equipment 
at  an  optimum  level  of  reliability  and 
availability.  This  can  be  nicely  engi- 
neered now.  The  result  will  lead  to 
intelligent  modifications  of  the  equip- 
ment, to  accommodate  stresses  not 
foreseen  during  the  mechanical  engi- 
neer’s designing,  and  a predictable 
equipment  use  cost. 

Administration 

Safety  and  costs  are  the  ultimate 
tests  of  any  system.  The  ability  to 
read  a balance  sheet  is  not  enough 
for  a mining  engineer.  He  must  know 
the  cost  statement  and  know  the  limi- 
tations of  accountancy.  The  goal  of 
cost  accounting  is  to  do  away  with 
the  foreman’s  little  black  book. 

Decision  making  and  the  use  of 
electronic  computers  belong  under 
this  heading. 

Economics 

This  was  not  listed  among  the  fun- 
damental subjects  though  it  belongs 
there.  It  is  included  here  as  part  of 
valuation  studies.  The  value  of  a min- 
eral property  depends  on  the  amount 
of  mineral,  the  cost  of  making  the 
finished  product,  the  revenue  from  the 
sale,  and  how  long  that  revenue  will 
be  available.  The  data  gathered  for 
the  valuation  estimate  are  sample  data. 
The  student  should  be  prepared  to 
give  an  objective  statement  of  the 
degree  of  confidence  that  can  be 
placed  on  the  conclusions  in  the  esti- 
mate. Someone  has  to  use  the  estimate 
to  make  a decision. 

Summary 

The  newly-graduated  mining  engi- 
neer cannot  be  well  informed  on  all 
the . facets  that  could  control  his 
career.  Many  are  not  e^'en  known 
when  he  graduates.  The  best  that  can 
be  done,  is  to  train  him  to  never  be 
complacent  about  an  operation,  and 
to  put  at  his  disposal  the  fundamental 
knowledge,  that  will  enable  him  to 
produce  a solution  to  problems  of 
W'hich  his  professors  nc\er  dreamed. 
The  problems  will  not  be  solved  by 
a stroke  of  genius  as  one-man  pro- 
jects but  b\'  the  co-ordination  of  a 
team  of  specialists,  each  as  knowl- 
edgeable in  his  own  field  as  a mining 
engineer  must  be  in  his  field. 
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INVERTERS  in  wliich  solid-state  de- 
vices are  used  as  switches  are  being 
used  more  and  more  freriuenth-  for  the 
conversion  of  power  from  a d-c  source  to 
alternating  form.  Applications  naturallj" 
occur  in  those  situations  where  the 
available  source  of  electric  power  is  d-c, 
usually  in  the  form  of  a battery.  Land, 
marine  and  air  transport  are  obvious 
fields  in  which  such  power  conversion  is 
often  desirable  or  necessary.  Polyphase 
inverters  have  been  used  to  supply  a-c 
motors  in  gyros  for  space  vehicles. 
Portable  electrical  instruments  and 
apparatus  which  require  self-contained 
a-c  power  sources  now  commonly  use 
inverters  of  this  type.  They  are  used  in 
some  automobiles.  Flashgun  units  for 
photographic  work  are  another  every- 
day example  of  this  sort  of  application 
in  a consumer  product.  The  reliability 
of  the  static  form  of  inverter  is  one  of  its 
chief  advantages.  There  are  no  moving- 
parts.  While  transistors  have  been 
commonly  used  as  switching  devices 
higher  power  ratings  are  now  realizable 
with  switching  devices  of  the  silicon- 
controlled-rectifier  type. 

In  an  earlier  j^aper^  two  of  the  authors 
presented  a novel  scheme  for  interlock- 
ing two  or  more  transistor-magnetic  in- 
verters to  form  a polyphase  inverter. 
The  circuit  had  the  merits  of  simplicity 
and  versatility.  No  auxiliary  timing 
devices  were  required.  Any  number  of 
phases  could  be  obtained  with  any 
desired  pliase-lock  angle  between  any 
two  of  them.  The  term  self-locking  was 
used  to  describe  this  class  of  inverters. 
The  present  paper  includes  an  account 
of  some  new  circuit  arrangements  which 
increase  the  versatility  of  these  self- 
locking  inverters. 

Switching  in  a Single-Phase  Inverter 

A basic  form  of  the  single-phase  tran- 
sistor-magnetic inverter  is  shown  in 
Fig.  1.  The  essential  features  of  its 
operation  are  well  understood,  although 
the  details  of  the  switching  process 
which  takes  place  in  the  very  short 
interval  when  a transistor  changes  from 


its  conducting  state  to  its  cutoff  state 
are  more  obscure. 

Very  briefly,  if  we  assume  that  one 
transistor,  say  the  left  one,  has  assumed 
its  conducting  role  with  the  transformer 
core  just  coming  out  of  its  saturated 
state,  then  the  emitter-collector  voltage 
for  this  transistor  is  very  small  and  in 
effect  the  d-c  supply  is  connected  across 
the  left  half  of  the  transformer  main 
winding.  The  rate  of  change  of  flux  in 
the  core  will  be 

d4>  E 


and  voltages  will  be  induced  in  all  other 
transformer  windings  proportional  to 
this  rate-of-change  of  flux.  With  the 
polarities  indicated  in  Fig.  1 the  voltages 
in  the  feedback  windings  of  N2  turns 
hold  the  left  transistor  in  its  conducting 
state  and  the  right  transistor  off.  This 
situation  continues  while  the  flux 
changes  from  its  initial  saturation  level 
(saj"  negative)  through  zero  to  satura- 
tion in  the  opposite  (positive)  direction. 
During  this  same  interval  the  voltage 
applied  to  a load  by  the  output  winding 
will  be  constant  and  its  value  related  to 
that  of  the  d-c  supply  by  the  turns  ratio 
Nl/Ni.  When  the  transformer  reaches 
positive  saturation  rapid  switching 
occurs  after  which  the  transistors  inter- 
change roles,  all  transformer  voltages 
take  on  opposite  polarity,  and  the  core 
flux  begins  to  change  back  to  its  original 
negative  saturation  level.  Thus  the  load 
voltage  waveform  is  essentially  rec- 

Fig.  1.  Basic  Single-Phase  Inverter. 
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tangular.  The  frequency  is  given  by 

/ = E/4Vi(/)„  (2) 

where  4>m  is  the  peak  flux  level  reached 
in  the  cyclic  operation  of  the  core 
(normally  the  saturation  flux).  The 
transistors  most  of  the  time  operate 
at  low  dissipation  levels,  corresponding 
either  to  very  low  voltage  and  a load-  I 
dependent  current,  or  high  voltage  | 
(double  the  d-c  suppl}'  voltage)  with  I 
very  low  current.  ^ 

During  the  short  switching  intervals  1 
the  transistors  operate  with  much  higher 
transient  dissipation.  If  the  frequency  is 
increased,  by  design  or  by  increasing  the 
d-c  supply  voltage,  these  switching  inter- 
vals may  no  longer  be  negligible  com- 
pared with  the  period  of  oscillation.  The 
average  transistor  dissipation  will  in- 
crease. Some  knowledge  of  the  switching 
process  is  therefore  highly  desirable 
and  important. 

An  oscillogram  of  a typical  “switching 
locus” — i.e.,  a plot  of  transistor  collector-  t 
emitter  voltage  against  collector  current  j; 
with  time  as  a parameter — is  shown  in 
Fig.  2.  While  transistor  operation  during 
the  switching  interval  is  not  adequately 
described  by  the  steady-state  common-  ; 
emitter  characteristics  it  is  helpful  [ 
nevertheless  to  correlate  the  switching  1 
locus  with  these  characteristics.  Typical 
sets  for  two  identical  transistors  are 
shown  in  Fig.  3 with  a sketch  of  the  ! 
switching  loci  for  the  transistors  super-  j 
imposed.  The  points  designated  A,  B, 

C,  D,  E,  F,  G,  H,  K,  and  L on  the 
switching  loci  correlate  with  those  j 
designated  by  the  same  letters  on  the 
core  hysteresis  loop  which  is  shown  in 
Fig.  4.  Unprimed  capitals  designate 
points  for  one  transistor,  primed  capitals 
the  corresponding  points  for  the  other  Î 
transistor,  and  the  lower-case  letters 
the  points  on  the  hysteresis  loop.  Each 
letter  corresponds  to  a particular  instant  j 
of  time  in  the  cycle.  Steady-state  periodic 
operation  is  assumed.  ^ 

At  points  A and  B transistor  Tl  is 
conducting.  While  in  this  ON  state  the  j 
core  flux  changes  from  a to  6 in  Fig.  4. 
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Fig.  2.  Switching  Locus  for  an  Inverter 
Transistor  — Collector-Emitter  Voltage 
vs.  Collector  Current. 


Since  this  condition  continues  for  nearly 
half  a cycle  the  corresponding  point  on 
the  oscillogram  in  Fig.  2 is  excessively 
bright.  During  the  same  half  cycle 
transistor  T2  is  OFF  and  operates  at 
points  A'  and  B'  on  its  switching  locus. 
When  the  core  saturates  at  b the 
magnetizing  current  increases  rapidly. 
This  increase  is  carried  by  transistor  Tl, 
but  the  increase  which  this  transistor 
can  handle  is  limited  by  the  base  drive 

Fig.  3.  Switching  Loci  for  Inverter 
Transistors 

( a ) Transistor  Ti 
(b)  Transistor  T- 


(a)  Transistor  t; 


current  which  is  constant  so  long  as  the 
rate  of  change  of  flux  and  the  corres- 
ponding feedback-winding  voltage  re- 
main constant.  If  this  base  drive  current 
is  /m  then  the  switching  locus  will  pro- 
ceed to  point  C.  Thereafter  the  rate  of 
change  of  core  flux  must  decrease. 
Consequentlj'  the  winding  voltages 
decrease,  and,  if  the  transformer  is 
idealized  and  has  no  leakage,  the  emitter- 
collector  voltage  for  transistor  Tl  must 
increase  and  that  for  T2  must  decrease. 
During  the  time  interval  between  C and' 
D this  process  continues.  Transistor  T2 
has  still  not  begun  to  conduct  so  that 
the  increasing  horizontal  distance  from 
the  load  line  in  Fig.  3(a)  to  the  locus 
represents  increasing  magnetizing  cur- 
rent for  the  core.  This  magnetizing  cur- 
rent reaches  its  maximum  at  d,  at  which 
time  the  rate  of  change  of  core  flux  and 
the  winding  voltages  are  all  zero.  Tran- 
sistor T2  now  begins  conducting  at  D'. 
Between  D and  E,  while  both  transistors 
are  conducting,  the  magnetizing  current 
is  the  sum  of  the  abscissa  A"  F in 
Fig.  3(a)  and  the  horizontal  intercept 
X'Y'  in  Fig.  3(b),  these  horizontal  lines 
being  displaced  by  equal  voltage  inter- 
cepts AF  from  the  supply  voltage  level 
at  F — D.  Between  E and  F transistor 
Tl  is  OFF  while  transistor  T2  continues 
to  take  over  and  the  magnetizing  current 
subsides  to  zero  and  reverses  at  /. 
Transistor  T2  is  now  in  the  same  situa- 
tion which  Tl  occupied  at  the  beginning 
of  the  cycle  and  the  process  continues 
as  the  core  flux  decreases  from  / to  g. 

This  description  of  the  switching  pro- 
cess is  idealized  in  some  measure  but  it 
does  account  for  the  salient  features.  It 
is  somewhat  more  complete  than  those 
which  have  been  presented  earlier.^ 
The  excellent  correlation  between  this 
qualitative  theory  and  the  oscillo- 
graphic result  in  Fig.  2 is  attributable  in 
part  to  the  manner  in  which  the  inverter 
was  loaded.  The  load  was  connected 
directly  across  the  collectors  of  the  two 
transistors  and  the  effects  of  leakage 
inductance  thereby  minimized.  A wide 
variety  of  switching  loci  shapes  have 
been  obtained  for  different  conditions 
of  loading.  A routine  example  with  load 
connected  as  indicated  in  Fig.  1 is 
shown  in  Fig.  5.  Leakage  effects  account 
for  the  high  collector  voltage  for  the 
transistor  as  it  goes  off  (upper  right 
portion  of  the  locus)  and  for  the  trans- 
ient reversal  of  collector  current  in  the 
transistor  as  it  turns  on  (lower  left 
portion  of  the  locus).  It  is  evident  that 
the  former  effect  increases  the  peak 
dissipation. 

The  Development  of  Polyphase  Inverters 

Transistor-magnetic  inverters  have 
been  known  since  about  The 

invention  first  appeared  in  single-phase 
form,  but  the  possibility  of  locking 
several  inverters  together  to  form  a 
polyjdiasc  inverter  quickly  attracted 


attention  and  a method  of  doing  so 
appeared  almost  immediately.®  This 
scheme,  due  to  Milnes,  was  highly 
ingenious.  Auxiliary  magnetic  cores 
were  used  in  timing  or  locking  circuits  to 
fix  the  phase  displacements  between  the 
several  interlocked  inverters.  This 
scheme  and  others  which  have  followed 
are  to  be  distinguished  from  inversion 
methods  which  use  a conventional 
oscillator,  perhaps  even  a crystal-con- 
trolled  oscillator,  to  determine  by  non- 
magnetic means  the  switching  frequency 
of  a group  of  transistor-magnetic  switch- 
ing units  as  well  as  the  phase  displace- 
ment between  them.  These  inverters  in 
which  frequency  and  phase  displace- 
ment are  independent  of  magnetic  core 
characteristics  are  of  course  competitive 
with  those  whose  characteristics  are 
intimately  related  to  core  and  winding 
parameters.  Each  method  has  its  in- 
herent advantages  and  disadvantages. 
This  paper  is  concerned  with  inverters 
whose  control  is  all  magnetic. 


Fig.  5.  Switching  Locus  — Effect  of 
Magnetic  Leakage  — Colleetor-Emitter 
Voltage  vs.  Collector  Current. 
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Fig.  6.  Basic  Self-Locking  Inverter. 


The  first  scheme  in  which  phase  dis- 
placement between  a pair  of  locked  in- 
verters was  made  to  depend  upon  the 
core-winding  characteristics  of  the  in- 
verter transformers  themselves,  without 
having  recourse  to  auxiliary  phase-lock- 
control  cores,  was  presented  Card 
in  19.58.’’’  This  attractive  circuit  was 
limited  however  to  two-phase  output 
with  the  usual  ninety-degree  separation 
between  phases.  As  with  other  magnetic- 
ally-controlled inverters  there  was  a 
master-slave  relationship  between  the 
two  phases.  Unless  the  slave  load  was 
connected  across  the  collectors  of  the 
slave  transistors  the  voltage  applied  to 
it  was  not  rectangular  in  form  but 
stepped  because  the  rate-of-change  of 
the  slave-core  flux  during  the  interval 
between  successive  slave  - transistor- 
switchings  was  characterized  by  two 
discrete  values.  That  is,  any  winding 
on  the  slave  core,  including  an  output 
winding,  was  characterized  by  a voltage 
waveform  which,  over  half  a C3-'cle,  had 
two  discrete  voltage  levels.  It  has  been 
shown  subsequently  that  it  is  quite 
possible  to  load  the  slave  in  such  an 
inverter  by  means  of  an  output  winding 
on  the  slave  core  without  interfering 
with  the  operation  of  the  inverter,  so 
long  as  the  stepped  waveform  is  com- 
patible with  load  requirements  and  so 
long  as  the  load  so  applied  is  kept 
within  readily  determinable  limits.^’* 

In  1960  the  senior  authors  presented  a 
generalized  form  of  phase-locking  in 
which  magnetic  phase-lock  control  was 
accomplished  without  auxiliary  control 
cores. ^ This  general  scheme,  in  which 
the  inverters  were  said  to  be  self-locking, 
permits  interlocking  of  any  number  of 
inverters  with  any  desired  set  of  phase- 
lock  angles.  The  two-phase  unit  de- 
scribed by  Card  is  a particular  and 
practically  important  example  of  this 
technique. 

The  Self-Locking  Principle 

Since  self-locking  operation  was  de- 
scribed in  detail  in  the  original  paper  it 
will  be  reviewed  here  only  briefljn  The 
basic  circuit  is  shown  in  Fig.  6.  The 
master  unit  operates  as  described  in  the 


first  section  of  this  paper.  It  determines 
the  operating  frequency,  which  is  given 
therefore  by 

/ = E/ 4 N lA4>mA  (3) 

The  slave  is  connected  as  shown  to  taps 
on  the  master  main  winding.  The  slave 
core  in  general  will  be  characterized  by 
a saturation  flux  (pms  different  from  that 
of  the  master.  Even  if  the  cores  are 
nominally  identical  the  difference  be- 
tween (j),„A  and  <t)mB  may  be  significant. 
The  cores  need  not  however  be  even 
nominally  the  same.  As  a result  of  the 
method  of  interconnection  the  voltage 
applied  to  a slave  main  winding  while 
one  of  the  slave  transistors  is  conducting 
(saj^  Tb  in  Fig.  6)  changes  abrupth^ 
when  the  master  completes  a half-cycle 
of  operation  from  a magnitude  (1  — k)E 
to  (1  -h  k)E,  where  k is  a,  numeric  called 
the  tap  ratio  which  describes  the  dis- 
placement of  the  taps  A and  Y on  the 
master  main  winding  from  the  centre 
tap.  Taps  A"  and  F in  general  need  not 
be  equidistant  from  the  centre  tap  but 
for  ordinary  practical  applications  they 
are. 

Steady-state  waveforms  are  shown  in 
Fig.  7.  Switching  occurs  in  either  the 
master  or  slave  whenever  their  respec- 
tive cores  fluxes  reach  the  saturation 
level.  Thus  immediately  after  ti  tran- 
sistors Ta  and  Tb  (Fig.  6)  are  both  con- 
ducting. At  <2  the  master  core  saturates 
and  Ta  cuts  off  while  Ta  takes  over 
conduction  in  the  master.  At  this  instant 
the  voltage  applied  to  the  left  main 
winding  of  the  slave  changes  by  an 
amount  2kE.  Subsequentl}^  at  time  h, 
the  slave  core  saturates  and  conduction 
in  the  slave  transfers  from  Tb  to  Tb  ■ 

For  a given  core  with  a winding  of  N 
turns  the  application  of  a steady  voltage 
E to  the  winding  when  the  core  is 
saturated,  say  negatively,  will,  if  the 
voltage  is  properly  poled,  cause  the  flux 
to  change  to  the  positive  saturation 
level  in  a time  r given  by 

Et  = 2(pmN  (4) 

Thus,  just  as  the  product  2^mN  is 
characteristic  of  the  core-winding  com- 
bination, so  in  the  same  sense  is  the 
product  Et.  It  is  referred  to  here  as  the 


volt-time  area  of  the  core  and  will  be 
designated  by  the  symbol  X commonly 
used  for  flux  linkages. 

The  volt-time  area  of  the  master  ! 
core  will  be  designated  \a-  In  one  half  i 
period  this  change  in  flux  linkages,  from  i 
Fig.  7(a),  is: 

X^  = ET/2  (5)  A 

where  T = 1//  is  the  period  of  thelj 


master  inverter.  For  the  slave,  whose 
characteristic  volt-time  area  is  Xb,  the 
half-period  change  in  flux  linkages  is, 
from  the  geometry  of  the  voltage  wave- 
form : 


'F(l  -k){l  - a)T/2 
-h  F(1  + k)aT/2 


(6) 


where  aT/2  is  the  phase  displacement 
in  seconds.  Therefore,  from  equations 
(5)  and  (6)  : 

Xb/X^  = (1  — Æ)(1  — a)  fl-  (1  + k)a 

(7) 

This  ratio  is  called  p,  the  linkage  ratio. 
It  depends  upon  the  two  core  saturation 
fluxes  and  upon  the  turns  Nu  and  Aib  in 
their  main  windings.  From  equation  (7) 
and  the  definition  of  p an  equation  for 
the  phase  displacement  can  be  written. 

1/  p-1 

a = - ( 1 4 j (8) 

2\  k 


the  place  displacement  6 in  electrical 
degrees  is  related  to  the  numeric  a by 
0 = 180°o:  (9) 


The  equation  implies,  in  accordance  with 
the  observed  facts,  that,  by  judicious 
selection  of  the  parameters  p and  k,  any 
desired  phase  displacement  between 
zero  and  180  degrees  can  be  obtained. 


Phase-Locking  Transients  j|  ' 

The  preceding  analysis  accounts  only  lü 
for  the  steady-state  behaviour  of  the  if 


Fig.  7.  Steady-State  Waveforms  for  Self- 
Locking  Inverter 

( a ) Winding  Voltages 
(b)  Core  Fluxes 
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Fig.  8.  Apparatus  for  Recording  of  Locking  Transients. 


I locked  inverters.  This  steady-state 
i operation  can  be  observed  with  ease  in 
j the  laboratory.  Phase-locking  transients 
Ij  which  occur  when  the  slave  is  connected 
) to  the  master  are  more  difficult  to 
! analyse  and  to  record  experimentally, 
j Complete  analysis  of  this  form  of  tran- 
I sient  was  presented  in  the  authors’ 
; earlier  paper^  but  was  unsupported  at 
! that  time  by  experimental  evidence, 
j Subsequent  tests  have  confirmed  the 
I analysis.®  The  results  of  some  of  these 
j tests  are  summarized  and  illustrated 
j here,  without  repetition  of  the  theory. 

I To  gain  information  on  these  trans- 
i ients  a pair  of  experimental  inverters  of 
■ rather  large  size  were  built  for  operation 
at  frequencies  in  the  range  around  one 
cycle  per  second.  Written  oscillographic 
records  of  locking  transients  extending 
over  several  cycles  of  operation  were 


Fig.  9.  Locking  Transient — Initial  Lag 
Less  than  aT/2. 


Fig.  10.  Loeking  Transient — Initial  Lag 
Greater  Than  aT/2. 
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readilj"  obtained  in  this  way.  A photo- 
graph of  the  apparatus  is  shown  in  Fig.  8. 

In  these  experiments  the  flux  in  the 
slave  core  was  preset  initiallj'  to  satura- 
tion level  and  then  the  slave  was  con- 
nected to  the  master,  while  the  master 
was  in  operation,  by  closing  switch  S in 
Fig.  6.  At  verj^  low  test  frequencies  it  is 
quite  possible  to  time  the  switch  closing 
manualljr  with  sufficient  accuracy  to 
initiate  locking  transients  of  various 
types. 

Fig.  9 shows  a transient  in  which  the 
slave  initially  lags  the  master  by  less 
than  the  steady-state  value.  At  C the 
slave  was  switched  on.  The  sharp  spike 
at  this  instant  indicates  that  the  slave 
transistor  which  initially  conducted 
could  not  continue  to  do  so  because  of 
the  polarity  of  the  saturating  flux  in 
the  slave  core.  Immediate  switching 
occurred  in  the  slave.  At  A the  slave 
lags  the  master  by  about  0.15  second. 
This  amount  increases  progressively 
until  at  B the  slave  lags  the  steady-state 
value  of  about  0.425  second.  There  is  no 
phase  overshoot.  The  frequency  in  this 
oscillogram  is  about  0.784  cps. 

Fig.  10  shows  a locking  transient  in 
which  the  slave  lags  initially  by  more 
than  the  steady-state  displacement.  In 
fact,  at  A,  after  the  slave  has  been  in 
operation  less  than  half  a cycle  it  lags 
by  almost  180  degrees.  As  in  Fig.  9 the 
phase  disj^lacement  steadily  approaches 
its  final  value  until  at  B the  displace- 
ment is  about  0.425  second. 

A somewhat  more  interc'sting  situa- 
tion is  shown  in  Fig.  11  where  the 
initial  conditions  are  so  ai'ranged  that 
the  slave  k'ads  the  master  immediately 
after  th('  switch  is  closc'd.  A haul  phase 
displacc'incnt  (as  defined  l),y  the  nder- 
('lua'  voltage'  jeolaritie'S  shown  in  Fig.  Ü) 
is  unstable.  At  .1  in  Fig.  11  the  slave 
leads  by  about  0.40  second,  which  in  this 
case  is  h'ss  than  tlue  design  displacc'ment 
of  0.425  second,  'bliis  lead  decreases  pro- 


gressively until,  at  B,  it  is  so  small 
that  the  master  inverter  switclies  twice 
between  slave  switchings  at  B and  C. 
Thereafter  the  slave  lags  and  approaches 
the  steady  displacement  aT/2.  In  Fig. 
12  the  situation  differs  from  that  in 
Fig.  11  in  that  the  slave  leads  initially 
by  somewhat  more  than  aT/2  seconds. 
In  this  case  the  lead  increases  pro- 
gressively, approaching  180°,  until  at 
B and  C a condition  is  reached  where 
the  master  switches  twice  during  a half 
cycle  of  slave  operation.  Thereafter 
again  the  slave  lags  and  approaches  its 
stead3'-state  displacement. 

These  observations  bear  out  in  detail 
the  theorj'  presented  earlier  in  mathe- 
matical form.  The  oscillogram  of  Fig.  1 1 
in  particular  provides  striking  cor- 
relation with  a unique  aspect  of  the 
predicted  behavior. 


Some  New  Loading  Methods 

An  apparent  disadvantage  of  the  self- 
locking  inverter  is  that,  unless  the  loads 
supplied  bj-  slave  inverters  are  con- 
nected across  the  collectors  of  the  slave 
transistors,  the  slave-load  voltage  wave- 
form will  be  stepped  rather  than  rec- 
tangular. Furthermore  the  drive- voltages 
applied  to  the  bases  of  the  slave  tran- 
sistors are  stepped.  The  latter  limitation 
requires  that  the  tap  ratio  k,  which 
governs  the  step  height  and  which  must 
be  between  zero  and  unity,  be  kept 
reasonably  small.  On  the  other  hand  a. 
large  k is  desirable  for  rapid  synchro- 
nizing. In  addition  the  sensitivity  of 
phase-lock  angle  to  changes  in  the 
linkage  ratio  p is  inversely  proportional 
to  k.  From  equation  (8)  : 


da  1 
dp  2k 


(10) 


Specifically  this  means  that  if  larger  tap 


Fig.  II.  Locking  Transient — Initial  Lead 
Less  than  aT/2. 


Fig.  12.  Locking  Transient — Initial  Lead 
Greater  Than  aT/2. 


ratios  could  be  used  the  designer  would 
have  greater  freedom  to  use  iiominalh' 
identical  cores  for  master  and  slaves 
without  having  to  pay  as  much  atten- 
tion to  the  fact  that  the  saturation  fluxes 
for  these  cores  are  likely  to  be  different 
enough  to  affect  signiflcantly  the  phase- 
lock  angles. 

Rectangular  voltage  waveforms  for 
driving  slave  loads  as  well  as  the  bases 
of  the  slave  transistors  may  be  obtained 
either  through  the  use  of  suitably  pro- 
portioned auxiliary  windings  on  the 
master  core  or  by  using  an  auxiliary 
transformer  for  each  slave  inverter. 

The  first  of  these  schemes  is  shown  in 
Fig.  13.  In  this  figure,  as  in  Fig.  6,  only 
one  slave  is  shown  in  the  interest  of 
simplicity.  Three  auxiliary  windings — 
one  of  N'ob'  turns  and  two  of  N^b'  turns 
are  shown  on  the  master  core.  The 
voltages  induced  in  these  windings  are 
rectangular  in  form.  The  winding  of 
Nob'  turns  is  designed  to  provide  a 
voltage  of  the  correct  amplitude  so  that 
when  connected  as  shown  in  series  with 
the  slave  output  winding  of  Nob  turns 
the  output  voltage  from  phase  B will  be 
rectangular.  Similarly  the  auxiliary 
windings  of  Nob'  turns,  when  connected 
in  series  with  the  slave  base-drive 
windings  of  Nob  turns,  provide  drive 
voltages  for  the  bases  of  the  slave  tran- 
sistors which  are  rectangular  in  form. 
Tj'pical  waveforms  are  shown  in  Fig.  14. 
It  is  evident  that,  for  the  desired  result, 
the  rectangular  waveform  from  an 
auxiliary  winding  must  have  an  ampli- 
tude equal  to  half  the  step  height  in  the 
stepped  waveform  from  the  slave  wind- 
ing with  which  it  is  to  be  series  con- 
nected. 

In  most  applications  it  is  desirable 
to  have  equal  amplitude  outputs  from 
master  and  slave.  Also,  when  identical 

Fig.  14.  Voltage  Waveforms — Circuit  of 
Fig.  13. 

(a)  Master  and  Slave  Output  Windings. 

(b)  Auxiliary  Winding  on  Master  Core. 

(c)  Output  from  Slave  Phase. 


Voltage 

•ioa 

N,b 

* 

t 

t, 

(c) 

Fig.  13.  Auxiliary  Windings  for  Rec- 
tangular Output  Waveform. 


transistors  are  used  throughout,  equal- 
amplitude  base-drive  voltages  should  be 
provided.  If  the  required  no-load  out- 
put-voltage  amplitude  is  Eo  the  number 
of  turns  required  for  the  output  winding 
on  the  master  inverter  is 

AW  = {Eo/E)N^a  (11) 
The  base  drive  voltage  will  be  ENo^/Nia 
volts.  The  turns  A"is  for  the  slave  main 
winding  are  determined  from  equation 
(8)  in  conjunction  with  equation  (12) 
below. 

p = As/ Xa  = A ibWb/ A (12) 

In  equation  (8)  any  desired  value  can  be 
assigned  to  the  phase  displacement  a. 
With  this  circuit  arrangement  the  de- 
signer has  greater  latitude  in  the  selec- 
tion of  the  tap  positions.  When  identical 
cores  are  used  </>„,, < = 

With  Nia  and  Nib  determined  for 
specified  frequency  and  phase-displace- 
ment and  Noa  and  N-ia  on  the  basis  of 
output-voltage  and  base-drive  require- 
ments, the  slave  winding  Nob  and  the 
master  auxiliary  winding  Nob  are  wound 
in  accordance  with  equations  (13)  and 
(14)  below  in  order  to  achieve  the  result 
shown  in  Fig.  14. 

Nob  = Noa{Nib/N\a)  (13) 
Nob'  = kNoA  (14) 

Similarly,  for  rectangular  base-drive 
voltages  in  the  slave  inverter,  equal  in 
amplitude  to  those  induced  in  the  feed- 
back windings  iN2A  turns)  on  the  master 
core,  the  slave  feedback  windings  and 
the  associated  auxiliary  windings  on  the 
master  core  should  be  designed  in 
accordance  with  equations  (15)  and  (16) 
below. 


N2B  = Noa{Nib/Nia)  (15)  |!  ' 

N-ib  = kNoA  (16)  . : 

The  same  result  can  be  achieved,  at  I 
the  e.xpense  of  using  an  auxiliary  trans-  i 
former  with  each  slave  unit,  but  with  a 
reduction  in  the  number  of  windings  on  I 
both  master  and  slave  cores  and  atten-  i 
dant  simplification  of  the  problem  of  ’ 
winding  these  cores,  if  the  circuit  ar-  | 
rangement  of  Fig.  15  is  used.  The  ^ 
au.xiliary  transformer  must  be  so  de-  j 
signed  that  it  does  not  saturate  apprec-  ' 1 
iably.  Its  core  material  accordingly  need  1 1 
not  exhibit  a sharp  saturation  character-  ]:  | 
istic. 

In  this  circuit  advantage  is  taken  of  1 
the  fact  that  the  collector-to-collector  ' 
voltage  waveform  for  the  slave  unit  is  1} 
rectangular.  Hence  all  voltages  derived  j ) 
from  windings  on  the  auxiliary  trans-  U 
former,  whose  primary  is  connected  M 
across  the  slave  collectors,  will  have  [t 
rectangular  waveforms.  Feedback  wind-  ) 
ings  and  output  winding  for  the  slave  ' i 
are  all  wound  on  the  auxiliary  core,  j • 
Experimentally  it  has  proved  possible  ! 
to  operate  this  inverter  with  tap  ratios  | 
up  to  and  including  unity.  In  the  ex- 
treme case,  with  k = I,  the  voltage  1 
waveform  for  the  slave  main  windings  j 
has  a step  height  equal  to  twice  the  d-c  j 1 
supply  voltage.  Thus  the  voltages  in-  i 
duced  in  the  windings  on  the  slave  core  i • 
have  the  form  shown  in  Fig.  16  for  !)• 
eiB,  i.e.  the  winding  voltage  is  zero  for  a I'j 
fraction  a of  each  half  cycle.  ! j 

In  both  of  these  loading  arrangements  1 j 
the  slave  load  currents  produce  no  net  t 
magnetomotive  force  in  the  master  core,  | i 
nor  do  they  load  the  transistors  in  the  | 6 
master  inverter.  j 

Sinusoidal  Output  Voltage  jl 

In  some  applications,  though  not  in 
all,  sinusoidal  waveform  or  some  reason-  j 1 
able  approximation  thereto  may  be  \ 
required.  Essentially  these  inverters  are  || 
square-wave  devices.  When  sinusoidal  (I 
waveform  is  a requirement  brute-force  i ^ 
filtering  may  be  used  and  has  been  A 
although  it  is  not  basically  a very  ? | 
attractive  prospect. One  or  two  at-  ! ? 


Fig.  15.  Auxiliary  Transformer  for  Rectangular  Output  Waveform. 
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Fig.  16.  Winding  Voltage  Waveforms — 
Circuit  of  Fig.  15  with  k=l. 


tempts  have  been  made,  with  rather 
excessive!}'  complex  circuitry,  to  syn- 
thesize sinusoidal  waveforms. 

With  the  self-locking  type  of  inverter 
a synthetic  attack  upon  this  problem  is 
possible.  Some  extra  complexity  is  in- 
evitable but  as  compared  with  other 
alternatives  the  amount  does  not  seem 
great.  The  principle  used  is  similar  to 
that  employed  in  any  alternator  where 
distribution  of  the  stator  winding  in 
slots  around  the  air  gap  and  series  con- 
nection of  the  coils  in  groups  permits  the 
designer  to  realize  an  output  voltage 
waveform  which  is  much  more  sinusoidal 
than  the  voltage  induced  in  any  single 
coil. 

As  an  example  suppose  a single-phase 
inverter  is  required  whose  output  volt- 
age is  to  be  in  some  measure  sinusoidal. 
One  possibihty  (which  as  will  be  shown 
can  be  extended  readily  to  three-phase 
operation)  involves  the  use  of  a master 
and  four  slaves  locked  at  30°,  60°,  120° 
(or  —60°  when  the  output  polarity  is 
reversed)  and  150°  (or  —30°  when  the 
output  polarity  is  reversed).  It  will  be 
assumed  here  that  a slave  arrangement 
is  used  which  provides  rectangular  out- 
put-voltage waveform.  Suppose  that  the 
master  output  is  E volts  in  amplitude 
while  those  from  the  30°  and  —30° 
slaves  are  {2/3)E  and  those  from  the 
60°  and  —60°  slaves  are  {1/3)E.  The 
waveforms  for  the  master  and  slave  out- 
puts are  shown  in  Fig.  17  together  with 
the  output  voltage  which  results  from  a 
series  connection  of  all  output  windings. 


Xo  great  effort  has  been  expended  here 
to  ensure  that  this  result  is  the  opti- 
mum approximation  to  a sinusoid 
which  can  be  achieved  with  this  number 
of  slaves.  The  principle  is  evident 
however. 

With  one  more  slave  locked  90°  from 
the  master  it  is  possible  by  the  use  of 
combinations  of  windings  from  the  six 
units  to  synthesize  a waveform  of  the 
same  shape  shown  in  Fig.  17  for  each  of 
three  phases.  A block  diagram  of  such 
a three-phase  arrangement  is  shown  in 
Fig.  18.  Many  other  possibilities  exist. 
More  slaves  could  be  used  and  output 
winding  arrangements  changed  to  get 
better  approximations  to  sinusoidal 
waveform,  but  a price  in  terms  of  in- 
creased complexity  would  have  to  be 
paid.  In  the  arrangement  of  Fig.  18 
substantial  improvement  in  output 
waveform  is  obtained  at  the  expense  of 
using  only  twice  as  many  cores  as  would 
be  required  for  even  a simple  square- 
wave  three-phase  inverter — and  all 
cores  in  this  circuit  contribute  to  the 
total  load  rating  of  the  inverter.  For 
this  reason  the  extra  amount  of  iron 
and  copper  involved  should  not  be 
weighed  in  the  balance  with  an  equiva- 
lent amount  of  iron  and  copper  used  in  a 
filter  system. 

Conclusions 

The  switching  process  in  a magnetic 
inverter  involves  relatively  high  tran- 
sient dissipation  in  the  transistors. 
Magnetic  leakage  in  inverter  trans- 
formers must  be  minimized  to  reduce 
the  peak  transient  dissipation. 

Phase  locking  transients  conform  to 
the  pattern  predicted  earlier  in  the 
analysis  of  self-locking  inverters. 

Rectangular  voltage  waveforms  are 
obtainable  at  any  desired  voltage  level 
from  the  slave  inverters  in  a polyphase 
self-locking  inverter.  Auxiliary  wind- 
ings on  the  master  inverters  may  be 
used  in  a series  connection  with  wind- 
ings on  the  slave  cores  to  achieve  this 
result.  Alternatively  an  auxiliary  trans- 
former can  be  used  with  each  slave  for 
the  same  purpose. 


Fig.  18.  Three-Phase  Self-Locking  Inverter  with  Approximately  Sinusoidal  Output. 

I TAP  CONNECTIONS 
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Fig.  17.  Synthesis  of  Sinusoidal  Output 
Waveform. 


Stepped  approximations  to  sinusoidal 
output-voltage  waveform,  for  either 
single  or  polyphase  loads,  can  be  ob- 
tained from  a suitably  designed  assembly 
of  self-locking  inverters. 
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WEAKNESSES  OF  THE  THEORY 
OF  PLASTIC  DESIGN 
A.  HRENNIKOFF,  M.E.I.C. 

Professor  of  Civil  Engineering, 
University  of  British  Columbia, 
Vancouver. 

The  Engineering  Journal,  November 
1961,  page  57 

Discussion  by: 

J.  F.  Baker,  University  of  Cambridge 
J.  Heyman,  University  of  Cambridge 
M.  R.  Horne, 

University  of  Manchester 

Professor  Hrennikoff  has  examined 
critically  some  aspects  of  structural 
design.  From  many  points  of  view, 
his  paper  might  be  called  “Weak- 
nesses of  the  Theory  of  Elastic  De- 
sign”, since  some  of  the  detailed  criti- 
cisms apply  to  any  steel  structure, 
independently  of  the  way  it  was 
designed.  We  discuss  below  specific 
topics  raised  by  Professor  Hrennikoff, 
but  wish  first  to  make  some  more 
general  remai'ks. 

Professor  Hrennikoff  is  particular- 
ly concerned  with  the  effect  of  insta- 
bility phenomena  on  plastic  design, 
and  he  is  right  to  be  so  concerned; 
but  he  ignores  the  fact  that  insta- 
bility, whether  of  the  structure  as  a 
whole  or  of  individual  members,  is 
also  one  of  the  chief  difficulties  of 
elastic  design. 

Let  us  admit  at  once  that  the  plas- 
tic theorems,  which  are  so  powerful 
in  analysis  and  design,  can  be  proved 
rigorously  only  for  structures  which 
remain  stable.  Upon  making  a plastic 
design,  the  designer  must  check  care- 
fully that  his  fundamental  assump- 
tions are  not  violated;  for  example, 
deflexions  must  remain  small,  plastic 
hinges  must  develop  without  local 
instability  occurring,  complete  mem- 
bers must  remain  stable,  and  overall 
frame  instability  must  not  occur. 


These  overriding  design  conditions 
apply  to  any  structure,  whether 
designed  electrically  or  plastically. 

If  there  is  any  danger  of  a design 
violating  the  conditions,  modificat- 
tions  must  be  made  to  the  structure. 
In  the  worst  case,  a full  analysis, 
elastic  as  well  as  plastic,  must  be 
made  for  the  whole  structure  under 
all  possible  loading  conditions,  and 
allowing  for  the  real  state  of  the 
structure.  The  “real”  condition  of  the 
structure  differs  from  the  “ideal” 
condition  of  the  model  structure 
assumed  in  analysis  and  design.  Real 
conditions  may  include:  an  initial 
residual  stress  system,  whether  in- 
duced by  welding,  by  inperfect  fit-up, 
by  settlement  of  supports,  or  what- 
ever other  cause;  connections  which 
are  flexible  to  a greater  or  lesser 
degree;  accidental  imperfections  in 
the  members  of  the  material,  and,  in 
short,  all  the  ills  that  a structure  is 
heir  to. 

All  these  remarks  apply  equally  to 
elastic  as  well  as  to  plastic  design. 
It  is  the  particular  contribution  of 
plastic  theory  that  it  has  proved,  for 
a wide  range  of  structures,  that  many 
of  the  real  conditions  have  negligible 
or  zero  effect  on  the  carrying  capa- 
city of  the  structure.  The  elastic 
designer  would  in  any  case  ignore 
most  of  the  real  conditions;  his  plas- 
tic colleague  has  justified  his  temerity. 

It  must  be  remembered  that  engi- 
neering design,  however  concrete  the 
result,  is  essentially  an  abstract 
process.  It  is  an  exercise  in  mathe- 
matics applied  to  a model  of  the  real 
structure.  Accurate  theory  will  pre- 
dict accurately  the  behaviour  of  the 
model;  whether  or  no  the  actual 
structure  behaves  like  the  model 
depends  on  the  care  with  which  the 
model  is  constructed.  Now  the  models 
constructed  by  both  elastic  and  plas- 
tic designers  are  essentially  the  same. 
If  the  plastic  designer  is  womed  by 
deflexions,  or  by  instability,  and  de- 


cides to  allow  for  these  in  the  analysis, 
then  so  also  will  be  the  elastic  de- 
signer. On  the  other  hand,  both  may 
ignore  a certain  set  of  imperfections 
as  being  virtually  certain  not  to  affect 
the  design. 

The  essential  difference  between 
elastic  and  plastic  methods  is  that  the 
latter  will  predict  accurately  an 
observable  quantity  for  the  stinctural 
model,  i.e.  the  load  factor  against  col- 
lapse. Elastic  analysis,  however, 
predicts  no  real  quantity;  it  predicts 
stresses,  and,  as  all  tests  on  real 
structures  have  shown  it  predicts 
these  badly.  Further,  plastic  theory 
has  demonstrated  how  the  stinctural 
model  should  be  constructed;  for 
example,  instead  of  guessing  that  the 
settlement  of  a support;  to  a con- 
tinuous beam  will  have  negligible 
effect  on  the  collapse  load,  it  proves 
this.  (This  illustrates  the  simplicity  of 
the  plastic  method;  the  elastic  de- 
signer would  reach  an  opposite  con- 
clusion, and  much  design  time  would 
be  wasted  in  allowing  for  settlement 
of  supports).  Further  yet,  since 
plastic  theory  calculates  a real  quant- 
ity in  the  analysis  of  a structure,  it 
is  possible,  virtually  for  the  first  time, 
to  construct  a rational  design 
process. 

Thus  the  designer  can,  by  a direct 
plastic  method,  or  by  cut-and-try 
elastic  methods,  design  the  model  of 
a given  structure.  It  remains  to 
decide  whether  this  model  wiU  serve 
as  the  basis  for  the  actual  structure. 
This  question  is  completely  indepen- 
dent of  the  design  method  used,  and 
many  of  Professor  Hrennikoff’s  criti- 
cisms are  really  aspects  of  this  ques- 
tion, and  not  criticisms  of  the  plas- 
tic design  method  alone. 

We  do  not  claim  that  all  the  prob- 
lems of  plastic  theory  are  solved. 
The  state  of  the  art  is  not  yet  ad- 
vanced enough  to  predict  accurately 
the  behaviour  of  the  model  under  all 


EDITOR’S  NOTE:  In  the  January  issue  of  the  Engineering  Journal  the  discussion  and  author’s  reply  on 
Professor  Hrennikoff’s  paper,  “Weaknesses  of  the  Theory  of  Plastic  Design”  were  published.  Included  was 
an  abbreviated  version  of  the  discussion  by  J.  E.  Baker.  This  created  some  confusion  as  Professor  Hren- 
nikoffs  reply  was  based  on  the  full  discussion.  This  then,  is  the  full  discussion. 
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i conditions,  nor  to  answer  fully  the 
' question  as  to  whether  the  model  is 
a permissible  representation  of  the 
actual  structure.  The  theory  has  been 
advancing  step  by  step,  and  has  been 
applied  to  more  and  more  complex 
structures,  from  continuous  beams 
to  hea\'>'  plate  girder  grillages,  from 
portal  frames  to  multi-storey  office 
blocks.  At  each  stage  in  the  advance, 
gaps  in  the  theory  have  been  dis- 
closed, and  attempts  made  to  close 
these  gaps.  And,  at  each  stage, 
experimental  work  has  checked  the 
theoretical  predictions. 

In  the  following  detailed  com- 
ments, the  paragraph  numbers  refer 
i to  Professor  Hrennikoff’s  original 
paper. 

4.  Elastic  Instability  of  Beams 

Concepts  of  buckling  commonly 
held  are  developed  from  the  idealised 
model  of  a pin-ended  centrally  loaded 
strut.  In  rigid-jointed  structures 
loaded  beyond  the  elastic  limit,  the 
first  signs  of  buckling  may  occur  at 
loads  considerably  less  than  the  final 
collapse  load. 

The  treatment  of  lateral  instability 
of  beams  as  given , by  Baker  et  aP 
is  based,  not  on  the  first  signs  of 
buckling,  but  on  the  subsequent  be- 
haviour of  a beam  forming  part  of 
a rigid  frame.  If  such  a beam  yields 
first  at  the  ends,  its  lateral  stability 
is  scarcely  affected  compared  with 
that  deduced  from  elastic  behaviour. 
If  yield  first  occurs  near  the  centre, 
the  central  length  buckles  laterally, 
but  it  is  shown  that  this  can  only 
progress  if  the  loads  on  the  beam  are 
simultaneously  increased  (pp.  242-6, 
ref.  1).  This  procedure  is  in  accord- 
ance with  the  Shanley  concept,  here 
used  not  to  derive  the  load  at  which 
buckling  starts,  but  rather  to  follow 
the  subsequent  behaviour  of  the  beam 
and  thereby  derive  the  true  failure 
load.  The  purpose  of  the  analysis  is 
to  establish  limiting  slenderness  ratios 
such  that  the  bending  moment  dis- 
tribution assumed  in  rigid-plastic 
theory  is  approached  during  the  post- 
buckling  stage.  During  this  stage,  un- 
loading of  some  fibres  does  occur, 
and  it  is  for  this  reason  that  the 
behaviour  of  individual  sections  of 
the  beam  is  derived  by  using  the  von 
Kannan  theory.  The  calculation  of 
post-buckling  behaviour  is  obviously 
extremely  laborious,  and  the  final 
equation  (e.g.  12-39,  p.  246,  ref.  1) 
is  justified  empirically  by  considering 
numerical  examples,  as  described  in 
the  text. 

The  author  méritions  the  question 
of  residual  stresses.  It  may  be  shown 
that  very  high  theoretical  reductions 


are  possible  in  the  buckling  loads  of 
individual  members  as  a result 
of  residual  stresses.-  Such  residual 
stresses  may  certainly  exceed  the  30% 
of  the  yield  stress  quoted  by  the 
author,  and  it  is  difficult  to  see  how 
it  can  be  argued  that  structures  de- 
signed by  plastic  theory  are  affected 
by  residual  stresses,  whereas  elas- 
tically designed  structures  are  im- 
mune. In  fact,  the  existence  of  resi- 
dual stresses  brings  into  question  the 
whole  validity  of  elastic  methods  of 
design.  If  there  exists  in  a structure 
a given  intensity  of  residual  stress, 
then  a rational  application  of  elastic 
design  methods  would  require  the 
inclusion  of  such  stresses  in  the  total 
calculated  stress.  The  fact  that  this  is 
not  done  destroys  entirely  the  claim 
that  elastic  design  methods  are  based 
on  a rational  procedure. 

The  fact  that  elastic  methods  of 
design  are  successful  is  entirely  the 
result  of  the  plastic  behaviour  of  the 
actual  structure.  For  the  first  time,  as 
the  result  of  advances  in  the  theory  of 
stability  beyond  the  elastic  limit,  it  is 
possible  to  make  some  general  assess- 
ment of  the  effects  of  residual  stresses 
on  the  failure  loads  of  continuous 
structures'^.  It  has  been  shown  that  if 
Xp  is  the  true  failure  load  factor.  Xp 
the  rigid  plastic  collapse  load  factor 
and  Xp  the  elastic  critical  load  factor, 
the  maximum  possible  effect  of  resi- 
dual stresses  is  to  decrease  the  failure 

100  Xp 

load  by  %.  This  is  in 

2Xp  X Xp 

contrast  to  the  much  larger  theoretic- 
ally possible  effects  in  single  pin- 
ended  members.^  Since  Xq  is,  for  all 
practical  structures  designed  by  the 
plastic  theory,  large  compared  with 
Xp,  the  maximum  reduction  is  small. 
Even  this  is  an  extreme  condition, 
only  realised  by  the  most  unfavour- 
able distribution  of  residual  stresses. 
While  more  study  of  the  problem  is 
required,  it  is  certain  that  residual 
stresses  are  nothing  like  as  serious  in 
plasitc  design  as  they  would  be  in 
elastic  design  were  their  presence  in 
the  latter  case  honestly  allowed  for. 

6 and  11  Column  Theory  and  Effect 
of  Overdesign  of  Beams. 

The  difficulties  of  designing  col- 
umns for  ultimate  strength  are  readily 
admitted.  After  extensive  work,  the 


1.  Baker,  J.  F.,  Horne,  M.  R.,  Heyman  J. 
“The  Steel  Skeleton”  Vol.  II  (1956) 
Chapter  12. 

2.  Horne,  M.  R.  "The  Influence  of  Resi- 
dual Stresses  oh  the  Behaviour  of 
Ductile  Structures”.  Residual  Stresses 
in  Metals  and  Metal  Construction,  Rein- 
hold, Ne'W  York  1954. 

3.  Horne,  M.  R.  “The  Effect  of  Residual 
Stresses  on  the  Behaviour  of  Continu- 
ous Structures”  International  Institute 
of  Welding,  Proceedings,  Liege  1960. 


problem  of  column  design  even  in 
elastic  structures  is  still  far  from  an 
adequate  solution.  Many  problems 
present  themselves,  and  where  they 
are  too  complex  to  be  solved  ex- 
plicitly in  the  design  procedure,  they 
have  to  be  allowed  for  by  adopting 
rules  which  may  be  shown  to  be  safe 
on  other  grounds.  The  problem  of 
apparent  underdesign  of  the  columns 
due  to  overdesign  of  the  beams  is  a 
case  in  point. 

The  design  procedure  of  assuming 
elastic  behaviour  in  the  columns  and 
plastic  behaviour  in  the  beams  is 
recognised  as  not  being  a fully  ra- 
tional solution  of  the  problem.  It  has 
been  proposed  as  a temporary  solu- 
tion on  account  of  the  difficulty  of 
developing  a column  design  method 
which  allows  properly  for  partially 
plastic  behaviour.  This  lack  of  ration- 
ality is  responsible  for  the  apparent 
result  that  the  overdesign  of  the  mem- 
ber BC  in  Fig.  I will  result  in  the 
underdesign  of  the  column.  Since  the 
strengthening  of  a member  beyond  its 
minimum  section  increases  the  over- 
all stiffness  of  the  structure,  it  is  con- 
sidered unlikely  that  this  will  result 
in  a decrease  of  the  ultimate  strength. 
This  tentative  conclusion  receives 
general  theoretical  support  from  re- 
cent work  on  frame  instability."^  Ac- 
cording to  this  work,  the  failure  load 
factor  Xp  of  a structure  can  be  re- 
garded as  a function  of  the  rigid- 
plastic  load  factor  Xp  and  the  elastic 
critical  load  factor  Xp.  An  approxi- 
mate lower  bound  for  the  failure  load 
Xp  Xp 

is  then  Xp  . An  increase  in 

Xp  4-  Xp 

either  Xp  or  Xp  leads  to  an  increase  in 
Xp.  Since  the  strengthening  of  a mem- 
ber must  either  increase  or  leave  un- 
changed the  values  of  both  Xp  and  Xp, 
the  result  follows. 

The  above  arguments  are  believed 
to  justify  the  use  of  the  minimum 
theoretical  full  plastic  beam  moments 
in  calculating  the  moments  in  the 
columns.  While  it  is  impossible  in 
tests  to  cover  anything  like  all  pos- 
sible cases,  laboratory  observations 
show  that  all  columns  undergo  some 
plastic  deformation  after  first  yield 
before  final  failure  occurs.  Such  plas- 
tic deformation  will  enable  a redis- 
tribution of  bending  moments  in  the 
overdesigned  and  therefore  still 
largely  elastic  team,  and  the  ultimate 
failure  load  of  the  structure  will  not 
be  less  than  that  assumed  in  the  de- 
sign method. 

(Continued  on  page  92) 


4.  Hornéi  M.  R.  “Instability  and  the 
Plastic  Theory  of  Structures”.  Trans. 
Eng.  Inst.  Canada.  Vol.  4 No.  2.  1960. 
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75lh  ANINIVERSARY 
ANNUAL  GENERAL  MEETING 

^*Many  congratulations  on  the  75th  Anniversary  of  the 
Engineering  Institute  of  Canada.  I send  you  all  my  very 
best  wishes  for  a successful  Annual  Meeting  and  for  the  next 
twenty-five  years  until  your  Centenary  celebrations. 

Philip’^ 


Superlative  is  tire  one  adjective  which  describes  tire 
75th  Anniversary  Annual  Meeting  of  the  Institute,  held  at 
the  Queen  Elizabeth  Hotel,  Montreal.  The  nearly  2,000 
persons  who  registered  witnessed  or  participated  both  in 
traditional  ceremonies  befitting  a 75-year-old  society,  and 
an  up-to-date  technical  program.  Meetings  of  various  com- 
mittees stretched  over  a full  seven  days.  Respect  was  paid 
to  achievements  of  engineers  and  of  the  Institute  since 
1887,  and  even  more  enthusiastic  attention  was  paid  to 
the  future. 

Much  of  the  credit  for  tliis  outstanding  success  must  be 
given  to  the  members  of  the  Montreal  Annual  Meeting 
Committee:  Chairman,  C.  G.  Kingsmill;  Vice-Chairman, 
J.  Benoit;  Secretary,  G.  M.  Boissonneault;  Muriel’s  Room, 
Y.  Hardy;  Hotel  Arrangements,  B.  Hesketh;  Registration, 
R.  J.  Kane;  Associate  Activities,  B.  Lamarre;  Budget  and 
Finance,  S.  W.  Pappius;  Technical  Papers  and  Publications, 
R.  A.  Phillips;  Entertainment,  A.  Benoit;  Publicity,  G.  H. 
Scruton;  Transportation,  W.  B.  White;  Information  and 
Reception,  T.  M.  O’Neill;  Plant  Tours,  L.  Roy;  Anniversary 
Show,  M.  D.  Lester  and  members  of  their  sub-committees. 

Co-conveners  of  the  Ladies’  Committee  were  Mrs. 
Kingsmill  and  Mrs.  Benoit.  Mrs.  Jean  Dessaulles  was 
Secretary. 

Because  of  increasing  interest  in  tlie  technical  and  com- 
mittee activities  the  meeting  was  scheduled  over  four  days 
rather  than  three,  although  some  groups  began  their  meet- 
ings three  days  in  advance  of  this. 

The  technical  program  was  the  largest  and  the  strongest 
ever  presented  at  an  E.I.C.  meeting.  It  incoporated  some 


70  papers  in  addition  to  a half-day  panel  discussion  on 
engineering  education,  a symposium  on  management,  and 
a symposium  on  heat  transfer  arranged  by  the  National 
Research  Council.  The  business  meetings  all  reflected  high 
enthusiasm  for  the  future  of  the  Institute. 

At  the  luncheon  on  June  14,  honors,  prizes  and  awards 
were  presented.  This  is  described  later  in  detail. 

The  social  program  also  reached  a new  and  enviable 
high  in  enjoyment  and  participation.  The  highlight  was 
undoubtedly  The  75th  Anniversary  Show  held  immediately 
after  the  Wednesday  evening  dinner  during  which  repre- 
sentatives of  sister  societies  and  past  Presidènts  of  the 
E.I.C.  were  introduced. 

The  show  was  based  on  engineering  in  Canada  since 
1887.  A narration  and  a fascinating  series  of  historical 
slides  tied  together  six  fast-moving  and  expert  dance 
sequences.  Sound  moving  pictures  were  taken  of  the  show 
for  later  distribution  to  Branches. 

There  were  luncheons,  small  dinners  for  some  groups, 
and  the  Annual  Banquet  which  was  addressed  by  Dr.  John 
Tuzo  Wilson,  Head  of  the  Institute  of  Earth  Sciences  at 
the  University  of  Toronto.  On  the  evening  of  the  first 
official  day  of  the  meeting  a reception  and  buffet  supper 
was  held  at  the  Chalet  atop  Mount  Royal,  overlooking 
downtown  Montreal.  More  than  1000  persons  attended  this 
affair. 

The  ladies’  program  included  a demonstration  and 
explanation  of  flower  arranging,  lunch  at  the  Helene  de 
Champlain  Restaurant  on  St.  Helen’s  Island  in  the  St. 
Lawrence,  a visit  and  tea  at  the  CBC,  and  a “jet  air  robe 
show.” 


The  first  meeting  of  the  1962-63  Council. 
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The  gavel,  symbol  of  authority,  is  pre- 
sented by  retiring  President  Dr.  B.  G. 
Ballard  to  incoming  President  F.  L. 
Lawton. 


This  informal  picture  was  taken  during 
the  E.I.C.  meeting  on  engineering  educa- 
tion. From  the  left:  Dr.  Arthur  Porter, 
Toronto;  Dean  Henri  Gaudefroy,  Mont- 
real; Miss  Elizabeth  Finlaison,  E.I.C. 
Headquarters;  Mr.  Lawton;  and  Lionel 
Boulet,  Quebec  City. 


Four  senior  officers  of  the  Institute  are 
shown  at  the  Annual  General  Meeting. 
From  the  left:  G.  N.  Martin,  a Vice- 
President  and  Chairman  of  the  Finance 
Committee;  incoming  President  F.  L. 
Lawton;  outgoing  President  Dr.  B.  G. 
Ballard;  Treasurer  E.  B.  Jubien. 
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ANNUAL  MEETING  OF  COUNCIL 

The  Annual  Meeting  of  Council  was 
held  June  10  with  President  Ballard  in 
the  chair.  The  meeting  started  at  7:00 
p.m.  and  did  not  adjourn  until  nearly 
1:00  a.m.  Following  are  notes  of  a few 
highlights. 

Publications  Committee 

Chairman  R.  A.  Philips  reported  on 
plans  for  e.xpediting  and  improving  the 
publication  of  Transactions.  A plan 
favored  by  the  Publications  Committee 
would  involve  immediate  printing  of  all 
Transactions  manuscripts  accepted.  These 
would  be  distributed  as  available  to 
Members  who  had  indicated  an  interest 
ill  the  subject  matter,  and  later  would 
be  bound  into  volumes.  Council  asked 
that  this  scheme  be  actively  pursued. 

Finance 

Chairman  G.  N.  Martin  presented  the 
report  of  the  Finance  Committee  for 
1961-62.  CTO  Chairman  S.  Sillitoe  men- 
tioned data  processing  equipment  which 
now  is  being  installed  at  Institute  Head- 
quarters. This  equipment  will  prove  help- 
ful in  tabulating  information  for  a pro- 
posed membership  Directory,  and  for 
other  purposes. 

Mr.  Martin  covered  some  discussions 
from  the  previous  meeting  of  the  Finance 
Committee  at  which  the  sale  of  the 
Headquarters  building  was  investigated. 
He  said  a proposal  which  was  before  the 
Committee  was  not  as  straightforward 
as  it  had  first  appeared. 

The  Chairman  explained  that  tlie  in- 
creasing demands  for  services,  coupled 
with  the  absence  of  a financial  surplus 
from  the  Institute’s  publications,  has 
made  it  necessary  to  approach  the  mem- 
bers to  increase  membership  fees. 

Committee  on  Technical  Operations 

Mr.  Sillitoe  reported  on  the  largest 
technical  program  ever  offered  at  an  An- 
nual Meeting.  It  consisted  of  66  techni- 
cal papers  and  three  symposiums.  He  said 
CTO  is  gaining  momentum  in  the  acqui- 
sition of  technical  papers  from  the 
membership  and  through  the  Branches. 
There  now  are  eight  regional  technical 
conferences  planned  for  in  the  near 
future  which  have  been  publicized  in 
the  Engineering  Journal. 

Branch  Operations 

Chairman  F.  L.  Lawton  anticipated  a 
vigorous  meeting  of  his  Committee  the 
following  day.  He  said  Branch  Model 
By-Laws  have  been  developed  by  a sub- 
committee and  are  ready  for  submission 
to  the  full  committee.  Branch  Model 
Accounts  now  are  under  active  study. 

Membership 

Chairman  E.  D.  Gray-Donald  paid 
particular  tribute  to  Miss  Elsie  Macgill 
of  Toronto  for  her  outstanding  work  on 
membership.  Mr.  Gray-Donald  also  com- 
mented upon  the  rapidly  increasing 
membership  in  die  Institute.  The  total 
is  nearly  23,000. 

Fellowship 

This  Committee’s  report,  which  dealt 
with  how  the  new  class  of  Fellow  will 


be  elected,  was  adopted  with  minor 
changes. 

Library  and  House 

Chairman  R.  H.  Boyd  reviewed  the 
various  discussions  and  decisions  regard- 
ing the  disposition  of  the  E.I.C.  Librar)^ 
He  traced  Biese  developments  through  the 
April  14  meeting  of  Council  at  which 
time  it  was  decided  to  review  the  matter 
at  the  present  meeting.  Following  lively 
discussion  it  was  decided  that  the  Coun- 
cil be  asked  by  letter  ballot  to  decide 
on  die  ultimate  disposition  of  the  Lib- 
rary. 

Proposed  Technical  Societies 
Joint  Council 

Dr.  Ballard  reported  on  a meeting 
with  the  Presidents  and  General  Secre- 
taries of  the  Chemical  Institute  of 
Canada,  the  Canadian  Institute  of  Min- 
ing and  Metallurgy,  the  Canadian  As- 
sociadon  of  Physicists,  and  the  Engineer- 
ing Institute  of  Canada.  He  said  he  re- 
gretted that  the  approach  which  was 
made  was  not  received  with  great  en- 
thusiasm, mainly  because  of  the  still  un- 
answered question  of  confederation.  He 
felt  that  until  this  has  been  settled,  not 
much  more  can  be  done  in  regard  to  the 
proposed  Joint  Council. 

Vice-Presidents 

It  was  resolved  that  the  number  of 
Vice-Presidents  in  Quebec  be  increased 
to  four  from  two.  Two  would  be  assigned 
to  Montreal,  one  to  tlie  eastern  portion 
of  the  province  including  Quebec  City 
and  the  North  Shore,  and  one  from  the 
territory  between  Montreal  and  the 
Ea,stern  portion,  including  the  Eastern 
Townships,  St.  Maurice  Valley  and  the 
North  Shore. 

It  was  resolved  that  in  the  Atlantic 
Provinces  the  number  of  Vice-Presidents 
be  increased  to  two  from  one,  the  ad- 
ditional Vice-President  being  assigned  to 
Newfoundland. 

Education  Conference 

The  General  Secretary  presented  a 
brief  report  on  the  E.I.C.  Conference  on 
Engineering  Education.  He  said  the  edu- 
cators were  pleased  that  this  conference 
has  again  been  made  a part  of  the  In- 
stitute’s Annual  Meeting  procedure. 

Confederation 

Dr.  Ballard  presented  a report  of  the 
Executive  Committee  on  Confederation 
arising  from  a meeting  with  the  Execu- 
tive of  the  CCPE  held  in  Montreal, 
June  9,  1962.  Considerable  discussion 
followed  during  which  members  ex- 
pressed their  views,  and  raised  questions 
concerning  the  proposal. 

COMMITTEE  ON 
TECHNICAL  OPERATIONS 

At  an  important  meeting  of  the  Com- 
mittee on  Technical  Oirerations,  on  June 
11,  the  outgoing  Chairman  S.  Sillitoe 
introduced  his  successor  P.  W.  Gooch. 
This  CTO  Committee  comprises  the 
Chairman  of  the  14  Technical  Divisions, 
and  on  this  occasion  attained  a record 
roll  call  of  20. 


Appointments  were  made  of  Technical  Î 
Division  Chairmen  and  some  Vice-Chair-  ' 
men,  and  the  CTO  program  for  the 
ensuing  year  was  discussed,  with  special  ‘ 
emphasis  on  the  following  matters:  ‘ 

1.  Steps  were  urged  to  activate  the 
Branches  in  the  function  of  CTO.  ; 
For  tliis  purpose  all  EIC  Members 
must  be  properly  categorized  by  fields 
of  technical  interest.  Proper  publica-  , 
tion  of  branch  news  should  be  main- 
tained. 

2.  In  seeking  or  accepting  technical  ' 

papers,  quality  should  be  aimed  at  ; 
rather  tlian  quantity.  Fewer  papers  j 
might  be  planned  for  the  Annual 
Meeting,  with  more  time  for  pre-  j 
sentation  and  discussion,  and  even  ' ■ 
with  some  plenary  sessions.  ; 

3.  Proper  publication  of  papers  should 
be  aimed  at,  together  with  discussions  ] 
and  free  from  extraneous  page  mat-  ' .. 
ter  in  the  Journal. 

4.  Branches  should  direct  papers  to  s 

CTO.  i 

5.  An  Author’s  Guide  should  be  made  f 
available  soon. 

6.  French  language  technical  papers  if 

should  be  encouraged.  M 

7.  A new  Division  was  announced,  ; 
called  the  Committee  on  Research 
Division,  which  is  the  fifteenth. 

8.  Consideration  was  given  to  proposing 
another  Division  to  cover  the  field 
of  Urban  Transportation. 

76th  ANNUAL  GENERAL  MEETING  | 

In  President  Ballard’s  opening  remarks  ■ 
to  the  76th  Annual  General  Meeting  of  j 
the  Institute  he  noted  that  it  had  been  | 
an  interesting  year,  and  in  many  ways  ii 
a difficult  one.  i 

“Our  financial  position  is  not  as  happy 
as  we  would  like,”  Dr.  Ballard  said.  “We  i 
budgeted  for  a balanced  budget,  but  it  | 
proved  to  be  too  optimistic.  Much  of  | 
this  is  due  to  the  fact  that  we  relied  in  . 
the  past  on  profits  from  the  Journal  to  ; 
discharge  many  of  the  operating  expenses 
of  the  Institute  and  this  is  no  longer  ; 
possible.  This  is  also  true  of  many  other 
organizations  and  commercial  journals. 

We  have  had  a number  of  discussions 
on  some  very  important  issues  . . .” 

Finance  Committee 

Chairman  G.  N.  Martin  said  that  in  ' 
spite  of  his  Committee’s  efforts,  its 
reports  was  not  a very  happy  one.  The 
main  reason,  he  explained,  was  that  the  ; 
publications  no  longer  supplied  a surplus 
from  which  other  services  could  be  sup-  i 
ported.  Additional  revenue  must  be  ob-  j 
tained  from  membership  fees.  He  said 
that  later  this  year  the  members  will  be 
asked  to  vote  on  a by-law  change  which 
would  allow  an  increase  in  membership  ! 
fees. 

Dr.  Ballard  observed  tlie  need  for  a i 
better  method  of  publishing  papers,  as 
this  is  the  life  blood  of  a technical  and 
learned  society.  It  is  not  possible  at 
present  to  publish  all  the  good  papers 
which  are  received.  Methods  are  being 
adopted  to  reduce  publication  costs.  Dr. 
Ballard  said  quality  demands  not  only 
the  publication  of  a paper,  but  also  of 
its  discussion.  i 
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This  group  constituted  a small  part  of  those  attending  a meeting  of  the  Committee  on  Membership. 
From  the  left:  General  Guy  Turner,  Ottawa;  H.  C.  Brown,  Montreal;  J.  S.  Dyer,  Sarnia;  E.  D.  Gray-Donald, 
Montreal;  E.  C.  Luke,  E.I.C.  Headquarters;  Chairman  T-  T.  Fisher,  Toronto;  Lee  Cameron,  Halifax;  Fred 
Perry,  Calgary;  I.  B.  Henderson,  Winnipeg;  R.  H.  B.  McLaughlin,  Fredericton;  A.  L.  Morrison,  Sherbrooke. 


Taken  during  the  first  meeting  of  the 
1962-6.3  Couneil  this  picture  shows,  from 
the  left:  Miss  Lois  McClintock;  Garnet 
T.  Page;  F.  L.  Lawton;  G.  N.  Martin; 
Professor  J.  B.  Mantle. 


This  picture  was  taken  during  a meeting 
of  the  National  Committee  on  Profes- 
sional Development  Programs.  W.  A.  H. 
Filer  of  Hamilton  is  Chairman. 


I 

I 


R.  S.  Eadie  of  Montreal  receives  his  certificate  of  Honorary 
Membership  in  the  Institute  from  Mr.  Lawton. 


Dr.  D.  M.  Stephens  of  Winnipeg  receives  his  certificate  of 
Honorary  Membership  from  Mr.  Lawton. 
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Normally  the  E.I.C.  Student  Prize  and  certificate  is 
awarded  during  the  year  during  a presidential  visit.  At 
the  75th  Anniversary  meeting  though,  a prize  was  pre- 
sented by  Mr.  Lawton  to  S.  E.  Tavares  of  McGill  Uni- 
versity. 


The  R.  A.  Ross  Medal  for  papers  on  electrical  engineer- 
ing subjects,  was  won  by  Dr.  R.  C.  Langille  of  Ottawa. 
Mr.  Lawton  is  making  the  presentation. 


The  Leonard  Medal,  “for  papers  on  mining  subjects”  is 
presented  to  T.  W.  Wlodek  of  Ottawa  by  Mr.  Lawton. 


The  Gzowski  Medal  “for  the  best  paper  on  a civil  engineer- 
ing subject”  was  won  by  Rene  A.  C.  Hauser  and  E.  F. 
Pariset,  both  of  Montreal.  Mr.  Pariset  is  shown  receiving 
the  medals  from  Mr.  Lawton. 


Dr.  E.  W.  R.  Steacie  (right)  President 
of  the  National  Research  Gouncil,  is  con- 
gratulated by  Dr.  Ballard  and  by  Dr. 
C.  J.  Mackenzie,  former  NRG  President, 
on  his  receipt  of  his  certificate  of  Hon- 
orary Membership  in  the  Institute. 


Shown  are  the  Chairmen  of  a number  of  Standing  and  Special  Committees  of  the  Institute.  From  the 
left:  Dr.  Ballard;  J.  T.  Fisher;  R.  Boucher;  Mr.  Lawton;  Garnet  T.  Page,  General  Secretary;  Mr.  Gray- 
Donald;  J.  Hahn;  R.  A.  Phillips;  Professor  William  Bruce;  G.  N.  Martin;  Peter  Gooch. 
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Treasurer’s  and  Auditors’  Report 

In  submitting  his  Treasurer’s  Report 
and  that  of  the  Official  Auditors,  Mr. 
Jubien  said  that  some  of  the  figures  had 
already  been  commented  upon  by  the 
President,  and  that  it  had  been  a particu- 
larly trying  year. 

Branch  Operations 

Chairman  F.  L.  Lawton  said  very 
briefly,  that  the  activities  of  Branches 
were  analyzed  on  the  basis  of  returns  re- 
cei%'ed,  a report  was  compiled  and  some 
18  recommendations  were  made  which 
he  believed  were  proving  useful.  He 
mentioned  that  the  Committee,  through 
its  sub-committee  on  Model  By-Laws 
and  Model  Branch  Accounts  was  achiev- 
ing practical  success.  Branch  achieve- 
ments Awards  are  being  made  this  year 
for  the  first  time  and  will  be  presented 
at  the  Honours  and  Awards  Luncheon 
later  in  the  week. 

Membership  Committee: 

Chairman  E.  D.  Gray-Donald  pre- 
sented the  report  in  which  he  stated 
that  the  final  figure  on  membership  at 
the  end  of  1961  was  22,601.  The  figure 
now  is  close  to  23,500.  He  paid  tribute 
to  the  many  members  of  the  Committee, 
with  particular  emphasis  on  the  out- 
standing work  which  Miss  Elsie  Macgill 
of  Toronto  has  done  and  is  continuing 
to  do  in  obtaining  new  members.  He 
said  that  he  felt  the  obtaining  of  new 
and  good  members  is  a most  important 
activity  and  that  all  members  of  the 
Institute  should  consider  themselves  as 
members  of  the  Committee  on  Member- 
ship. 

Committee  on  Technical  Operations 

Chairman  S.  Sillitoe,  in  presenting  the 
report  of  this  Committee,  stated  that  the 
report  had  been  written  some  time  ago, 
when  there  were  nine  active  divisions. 
Now,  there  are  12  active  divisions  and 
two  more  in  process.  This  indicates  the 
progress  that  has  been  made  in  the 
activities  of  the  C.T.O.  There  is  direct 
evidence  of  this  also  in  the  technical 
program  which  has  been  planned  for  the 
Annual  Meeting,  which  includes  66 
papers  and  three  symix)siums,  and  there 
are  eight  more  regional  conferences 
scheduled. 

By-Law  Amendments 

After  discussions,  and  witli  some 
amendments,  it  was  decided  that  10  pro- 
posed amendments  to  the  By-Laws  of 
the  Institute  be  submitted  to  the  mem- 
bers for  their  consideration  by  ballot. 

Confederation 

It  was  resolved  that  this  General  Meet- 
ing of  the  Engineering  Institute  of  Can- 
ada assembled  in  Montreal  authorize 
the  Council  of  the  E.I.C.  or  the  Execu- 
tive Committee  of  Council  to  proceed 
to  ballot  the  membership  on  the  Final 
Report  of  the  Engineers  Confederation 
Commission  as  published  in  the  En- 
gineering Journal,  September,  1961.  The 
ballot  to  be  mailed  to  all  members  at 
tile  appropriate  time  to  comply  with  the 
wishes  of  both  E.I.C.  and  C.C.P.E., 
namely,  that  both  memberships  be  bal- 
loted at  the  same  time. 


It  was  further  resolved  that  the  neces- 
sary e.xplanatory  notes  be  included  with 
the  ballot,  bringing  to  the  attention  of 
the  members  the  important  issues  to  be 
considered,  all  in  aceordance  with  usual 
E.I.C.  practice,  and  explain  C.C.P.E. 
feeling  on  this. 

Carried  unanimously. 

Vote  of  Thanks 

Past  President  V.  A.  McKillop  moved 
a vote  of  appreciation  to  Dr.  Ballard  for 
his  services  to  the  Institute  during  the 
past  year.  He  said  he  was  confident  that 
all  the  members  assembled  must  realize 
that  Dr.  Ballard  brought  to  this  office 
outstanding  judgment  and  an  ability  to 
deal  with  the  problems  which  arose  with 
dignity  and  tolerance,  and  that  he  en- 
hanced the  reputation  of  the  Institute 
in  this  country  and  in  others. 

STUDENT  CONFERENCE 

As  in  previous  years,  a student  con- 
ference was  held  during  the  Annual 
General  Meeting  in  Montreal.  Forty  dele- 
gates from  all  parts  of  Canada  at- 
tended. 

The  delegates  were  welcomed  by  Dr. 
B.  G.  Ballard,  President,  F.  L.  Lawton, 
President-elect,  C.  Southmayd,  last  year’s 
conference  chairman  and  J.  Hahn,  Chair- 
man of  this  year’s  conference.  Dr.  G. 
M.  Dick,  past  President,  then  addressed 
the  students.  His  subject  was  “Making 
the  Most  of  Your  Engineering  Career”. 
The  General  Secretary  then  explained 
the  workings  of  the  Institute  and  an- 
swered delegates’  questions. 

The  main  topics  of  discussion  dealt 
with  more  student  membership  in  the 
E.I.C.,  greater  participation  of  student 
members  in  branch  activities  and  closer 
branch-student  co-operation.  Other  topics 
were  also  discussed  by  the  delegates. 
These  included  the  I.A.E.S.T.A.,  Cana- 
dian Overseas  Volunteers  and  the  Inter- 
College  activities  related  to  the  E.I.C. 

The  discussions  were  summarized  in 
the  following  resolutions; 

a.  Give  support  to  the  Canadian  Uni- 
versity Services  overseas 

b.  Ask  E.I.C  student  representatives  to 
give  headquarters  reports  on  the  past 
year’s  activities  at  tlieir  respective  uni- 
versities to  be  included  in  the  ad- 
vanced student  conference  notices 

c.  Ask  Council  to  authorize  the  issue  of 
a bi-yearly  newsletter  to  be  compiled 
by  the  students  themselves  to  be 
mailed  by  headquarters  to  E.I.C. 
campus  representatives 

d.  Ask  Council  to  replace  the  tie  clip, 
given  as  a free  gift  to  joining  students 
with  the  E.I.C.  student  lapel  pin  (if 
financially  possible) 

Student  delegates  also  attended  a 
comprehensive  social  program  prepared 
by  the  delegates  from  Ecole  Polytech- 
nique and  McGill  University  with  the 
help  of  the  Montreal  Branch. 

MEETING  OF  NEW  COUNCIL 

The  new  Council  held  a meeting  on 
June  13,  1962.  It  was  resolved  that  the 
President  be  empowered  to  appoint  a 
small  committee  of  four  or  five  to  pre- 


pare a statement  of  pros  and  cons  and 
a statement  of  the  Council’s  recom- 
mendation regarding  the  Report  of  the 
Engineers  Confederation  Committee  for 
approval  by  the  Executive  Committee, 
and,  if  time  permits,  a full  Council  later 
on.  It  was  resolved  that: 

Whereas  this  Council  after  due  and 
prolonged  study  of  rhe  Report  of  the 
Engineers  Confederation  Commission  is 
still  in  favour  of  unity  for  the  profession; 
and 

Whereas  it  is  unable  to  recommend 
the  adoption  of  the  report  because  of 
the  methods  outlined  in  it  for  the  im- 
plementation of  such  unity. 

Be  it  resolved,  therefore. 

That  Council  ballot  its  membership, 
as  agreed  with  the  constituent  member 
bodies  of  C.C.P.E.  to  do  the  same  with 
its  membership; 

and  That  in  the  event  of  a failure  to 
confederate  as  proposed,  other  avenues 
of  co-operation  be  investigated  with  a 
view  to  developing  acceptable  and  effec- 
tive methods. 

75TH  ANNIVERSARY  BANQUET 
Reflections  on  Our  75th  Anniversary 
B.  G.  Ballard 

Seventy-five  years  ago  Saturday  of 
next  week.  Royal  assent  was  given  to  a 
charter  carried  through  Parliament  by 
Walter  Shanly,  himself  a prominent  en- 
gineer of  the  day,  creating  The  Canadian 
Societ  of  Civil  Engineers.  It  was  the 
culmination  of  a series  of  discussions 
among  Canadian  engineers,  particularly 
in  Montreal,  Ottawa  and  Toronto.  The 
new  Society  had  exactly  19  charter  mem- 
bers, but  by  the  time  the  charter  was 
granted,  the  provisional  Executive  had 
examined  and  approved  288  members 
of  all  classes.  The  first  President  was 
Thomas  C.  Keefer,  one  of  the  famous 
Keefer  brothers,  and  for  the  succeeding 
30  years,  the  secretarial  duties  were  dis- 
charged first  by  Professor  H.  T.  Bovey 
of  McGill,  and  later  Professor  C.  H.  Mc- 
Leod, both  men  serving  in  spare  time.  I 
am  certain  that  those  gentlemen  would 
be  appalled  at  the  volume  of  correspon- 
dence which  flows  from  the  Secretary’s 
office  today!  The  By-laws  of  the  Society 
made  it  clear  that  Civil  Engineering  was 
interpreted  to  embrace  all  fields  of  en- 
gineering other  than  military. 

From  this  humble  beginning  has 
emerged  the  great  Institute  to  which  we 
are  doing  honour  this  evening.  In  1918, 
the  charter  was  amended  to  change  the 
name  to  The  Engineering  Institute  of 
Canada  so  that  it  would  be  more  de- 
scriptive of  the  broad  range  of  engineer- 
ing activities  in  Canada.  The  roster  of 
early  members  includes  all  the  great 
engineers  of  the  country.  We  find  Sir 
Sandford  Fleming,  Frank  Shanly,  who 
with  his  brother  succeeded  in  completing 
the  Hoosier  Tunnel  ^^•here  other  en- 
gineers had  failed,  Thomas  C.  Keefer,  C. 
S.  Gzowski,  John  Kennedy,  Samuel 
Keefer,  who  had  ahead>'  built  the  world's 
longest  suspension  bridge  of  its  day,  C. 
E.  W.  Dodwcll,  Julian  C.  Smith,  A.  J. 
Grant,  H.  H.  \knighan,  F.  N.  Gisborne, 
P.  L.  Pratlcy,  H.  G.  Acres,  F.  A.  Gain-, 
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C.  Camsell,  G.  J.  Desbarats,  C.  D.  Howe, 
and  a host  of  living  engineers  much  too 
numerous  to  mention. 

Since  those  early  days,  the  Institute 
has  enjoyed  a long  record  of  achieve- 
ment. Its  members  have  made  important 
contributions  to  Canada’s  advancement, 
and  they  have  distinguished  themselves 
in  several  fields  of  engineering,  both 
nationally  and  internationally.  They  have 
developed  our  roadways,  our  railways, 
our  \\'aterways,  our  pow’er  systems,  and 
our  mines.  They  have  sponsored  such 
organizations  as  the  Canadian  Standards 
Association  and  the  present  engineering 
registration  bodies  across  the  country. 

During  these  past  7.5  years,  engineers 
have  made  a greater  impact  on  our  way 
of  life  than  any  other  single  profession. 
In  that  time  they  have  made  possible  the 
motor  car,  the  airplane,  electric  power 
to  home  and  industry,  radio,  television, 
radar,  atomic  energy,  computers,  and 
the  development  of  a vast  new  group  of 
materials  to  serve  society  even  more 
effectively.  They  have  produced  new 
metals  \\’ith  characteristics  which  extend 
well  beyond  those  of  the  earlier  metals. 
They  have  developed  new  structural 
methods,  and  a whole  new  concept  in 
machine  design.  They  have  taken  full 
advantage  of  the  scientists’  findings,  and 
have  even  contributed  to  scientific 
knowledge  itself.  It  is  significant  that 
the  first  controlled  fission  was  achieved 
by  an  engineer  — Sir  John  Cockcroft.  In 
the  latter  part  of  that  period  e.xceptional 
progress  has  been  made.  The  electron 
was  not  discovered  until  nearly  the  be- 
ginning of  the  present  century,  vacuum 
tubes  achieved  popularity  in  the  early 
1920’s,  semi-conductor  devices  were 
only  imperfectly  understood  until  1948, 
and  were  not  employed  successfully  until 
well  after  that  date.  Diesel  locomotives 
began  to  receive  serious  attention  in 
the  1920’s,  electric  phonographs,  with 
the  tremendous  improvement  in  quality 
by  comparison  with  the  earlier  mechani- 
cal types,  followed  shortly  after.  The 
trans-Atlantic  telephone  cable  did  not 
materialize  until  the  1950’s.  Sir  James 
Chadwick  discovered  the  neutron  in 
1932. 

But  the  past  is  not  important,  except 
as  a stepping  stone  to  the  future.  What 
is  in  store  for  the  next  75  years? 

There  are,  of  course,  some  general 
problems  which  are  very  obvious.  The 
underprivileged  nations  will  not  be  con- 
tent for  much  longer  to  accept  a lower 
standard  of  living  than  we  enjoy  on  this 
continent,  and  the  problems  in  achieving 
a higher  standard  on  a world-wide  scale 
are  staggering.  For  example,  Asia  alone 
would  require  some  18  billion  tons  of 
iron,  roughly  three  times  that  already 
produced.  It  would  reepiire  300  million 
tons  of  copper,  300  million  tons  of  lead, 
200  million  tons  of  zinc,  .30  million  tons 
of  tin,  and  huge  quantities  of  other 
metals  and  non-metals.  To  produce  tlrese 
quantities  would  require  a period  of  100 
years  at  our  present  rate  of  output,  but 
shortages  will  develop,  substitutes  will 
be  necessary,  and  engineering  talent  will 
be  exercised  to  the  limit. 

The  growth  of  world  population  pre- 


sents particularly  serious  problems.  At 
the  present  time,  there  is  a net  increase 
each  week  which  would  populate  a city 
the  size  of  Montreal,  and  unfortunately, 
most  of  this  increase  will  not  be  housed 
in  cities  as  comfortable  or  as  attractive 
as  Montreal.  The  sheer  problem  of  pro- 
viding food  is  overwhelming,  particularly 
when  it  is  considered  that  barely  one 
sixth  of  the  present  world’s  population  is 
well  fed,  and  nearly  half  are  victims  of 
subnutrition,  or  malnutrition.  If  our 
present  scale  continues,  there  will  be 
twice  as  many  people  to  feed  in  the 
year  2000.  Two  thirds  of  the  people  of 
the  earth  live  in  areas  that  are  suffering 
a shortage  of  fresh  water.  We  in  Canada 
are  among  the  world’s  most  fortunate 
in  this  respect. 

Already  our  scientists  are  busily  en- 
gaged in  seeking  new  sources  of  food. 
The  oceans  have  barely  been  tapped  for 
such  a resource.  Genetics  and  heredity 
are  the  subject  of  intensive  investigation 
to  promote  better  plant  life,  and  elim- 
inate destructive  bacteria  or  viruses,  and 
generally  improve  our  food  supply 
sources  as  well  as  our  own  physical  com- 
fort. E.vtensive  study  has  been  devoted 
to  the  conversion  of  salt  water  to  fresh 
water,  and  we  can  look  forward  to  a vast 
application  in  this  field. 

Per  capita  use  of  energy  is  a relatively 
reliable  yardstick  of  our  standard  of 
living.  In  Canada,  electric  energy  con- 
sumption is  increasing  at  the  rate  of  6% 
per  annum,  which  means  that  it  doubles 
every  12  years.  In  other  words,  within 
the  next  12  years  we  will  manufacture 
the  equivalent  of  all  our  present  electri- 
cal system  with  its  plant,  transmission 
lines  and  machines.  And  of  course  Asia 
and  Africa  will  want  the  same  benefits 
that  we  enjoy  in  the  use  of  energy.  It 
will  be  necessary  to  develop  new 
methods  of  energy  conversion  to  make 
the  most  effective  use  of  energy  re- 
sources. Atomic  energy  is  only  one  facet 
of  the  solution,  but  it  is  a very  important 
facet.  There  will  be  direct  conversion 
from  atomic  energy  to  electric  energy, 
rather  than  the  present  inefficient  con- 
version through  heat  engines.  We  may 
expect  to  extract  energy  directly  from  a 
plasma  created  by  atomic  energy,  and 
one  stumbling-block  which  prevents  the 
reahzation  of  this  now  is  our  inability 
to  contain  the  plasma  at  the  tempera- 
tures which  prevail.  No  known  material 
will  withstand  these  temperatures,  and 
we  have  endeavoured  to  emi^loy  a mag- 
netic field  for  a basket,  but  it  is  a very 
leaky  basket,  and  to  date  only  transient 
success  has  been  realized.  There  will  be 
more  direct  conversion  from  heat  to 
electricity  in  cells  of  the  thermionic 
type  and  the  thermoelectric  type.  Fuel 
cells  permitting  direct  conversion  from 
fuel  to  electricity  will  occupy  a position 
of  increasing  importance.  We  will  make 
greater  use  of  our  non-expendable  re- 
sources, and  more  efficient  use  of  our 
expendable  resources. 

It  will  become  increasingly  necessary 
to  conserve  the  world’s  store  of  materials. 
New  types  of  equipment  will  emerge. 
Devices  will  become  smaller  and  more 
efficient.  Recently,  I had  occasion  to 


examine  proposals  for  the  generation  of 
very  intense  magnetic  fields  here  in 
Montreal,  and  to  my  surprise,  I learned 
that  the  most  promising  commercial  pro- 
posal was  that  of  a magnet  operating  at 
near  superconducting  temperatures  to 
reduce  the  electrical  resistance  and  make 
possible  a huge  output  with  relatively 
small  equipment.  The  saving  was  so 
significant  that  it  would  more  than  com- 
pensate for  all  the  refrigerating  apparatus 
necessary  to  produce  these  temperatures. 
But  it  is  possible  to  lower  temperatures 
even  beyond  those  proposed  for  the 
above  magnet,  and  electrical  resistance 
in  copper  then  disappears.  Serious  con- 
sideration is  being  given  already  to  the 
development  of  transformers  and  power 
cables  operating  at  superconducting 
temperatures. 

Perhaps  it  is  in  the  field  of  so-called 
“light  engineering”  in  which  the  greatest 
changes  will  take  place.  A few  days  ago, 
a newspaper  called  me  to  inquire  what 
possible  use  could  be  made  of  the  re- 
sults of  our  present  space  research.  I 
replied  that  our  space  research  was  an 
effort  to  obtain  information,  rather  than 
to  find  a practical  application.  Never- 
theless, several  possibilities  were  already 
obvious,  entirely  aside  from  the  military 
significance  of  space  vehicles.  One  very 
useful  application  will,  I am  certain, 
occur  within  the  next  few  years.  Satel- 
lites will  be  put  into  orbit  which  will 
enable  us  to  communicate  freely  be- 
tweeri  any  part  of  the  earth  and  any 
other  part,  and  what  is  particularly  sig- 
nificant is  that  they  will  enable  us  to 
communicate  at  a more  rapid  rate.  When 
we  converse  on  the  telephone,  the  rate 
of  information  flow  is  such  that  it  can 
be  carried  with  a circuit  having  a maxi- 
mum frequency  of  from  3,000  to  5,000 
c.p.s.  If  we  want  to  hear  good  music,  it 
must  carry  from  15,000  to  20,000  c.p.s. 
But  if  we  want  to  carry  a television  pro- 
gram, the  combined  visual  and  audible 
information  requires  a frequency  of  four 
million  c.p.s.  We  can  now  communicate 
freely  between  any  part  of  the  earth’s 
surface  and  any  other  part  at  the  lower 
frequencies,  but  to  carry  a television  pro- 
gram, a much  more  sophisticated  ap- 
proach must  be  made,  and  the  satellite 
appears  to  offer  an  answer,  because  the 
satellite  can  be  arranged  to  “see”  both 
points  on  the  earth’s  surface  simul- 
taneously. It  is  probable  that  a message 
will  be  broadcast  from  one  continent  to 
the  satellite,  which  will  then  rebroadcast 
to  another  continent,  using  for  power, 
solar  energy  which  the  satellite  converts 
to  electric  energy  stored  in  batteries.  The 
consequences  of  this  are  incalculable.  It 
will  mean  that  we  will  be  able  to  see 
the  way  people  live  in  other  parts  of 
the  world,  just  as  they  will  be  able  to 
see  the  way  we  live.  Three  years  ago, 
it  was  my  privilege  to  visit  Russia,  and 
I found  the  people  were  warm,  friendly 
and  hospitable.  They  are  possessed  of 
the  same  human  instincts  as  ourselves, 
and  I am  convinced  that  if  we  got  to 
know  each  other  better,  the  arguments 
and  conflicts  which  appear  to  confront 
us  now  would  be  resolved.  Better  com- 
munication of  the  type  I am  mentioning 
can  achieve  this. 
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Retiring  President  Dr.  Ballard  receives  the  traditional  gift. 
The  presentation  is  made  by  Dr.  C.  J.  Mackenzie,  former 
President  of  the  National  Research  Council,  while  Mr. 
Lawton  looks  on. 


T.  W.  Eadie  receives  his  Julian  C.  Smith  Medal  (1961) 
from  Mr.  Lawton.  Looking  on  in  the  foreground  is  Mr. 
Eadie's  brother,  Robert,  who  was  made  an  Honorary  Mem- 
ber of  the  Institute. 


Mr.  Lawton  presents  the  Julian  C.  Smith 
Medal  (1961)  to  Frederic  H.  Peters. 


Thomas  R.  Loudon,  Professor  Emeritus  at  University  of 
Toronto  receives  his  certificate  of  Honorary  Membership 
from  Mr.  Lawton.  In  the  foreground  are  Mrs.  J.  J.  Hanna 
of  Calgary  and  R.  S.  Eadie  of  Montreal. 


Mr.  Lawton  and  Dr.  Ballard. 


The  Sir  George  Nelson  Award  “for  a paper  on  the  science 
of  electrical  engineering  and  its  application,  the  author 
being  a member  of  tbe  Institute  under  35  years  of  age” 
was  won  by  K.  H.  Williamson  of  Winnipeg.  Mr.  William- 
son was  unable  to  attend  the  Meeting  but  his  award  was 
accepted  on  his  behalf  by  L.  A.  Bateman  of  Winnipeg, 
shown  receiving  it  from  Mr.  Lawton. 
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Satellites  will  also  enable  us  to  obtain 
better  information  for  weather  forecast- 
ing. 

The  next  75  years  will  see  a tremen- 
dous increase  in  the  part  played  by  auto- 
matic machines  and  automatic  control. 
Steel  mills  now  produce  a steel  beam 
the  dimensions  of  which  are  controlled 
not  by  a human  operator,  but  by  a per- 
forated card  inserted  in  a machine.  This 
sort  of  control  will  be  extended,  and  a 
revision  in  the  product  going  down  the 
production  line  will  be  achieved  not  by 
a manual  readjustment  of  all  the  ma- 
chines, but  by  simply  inserting  a new 
card  or  cards  in  the  automatic  control 
device. 

A short  time  ago,  I saw  a machine 
winding  the  coils  on  an  automotive 
generator.  The  operations  of  winding, 
soldering  and  machining  were  carried 
out  solely  by  a mechanical  man  which 
had  a limited  mechanical  brain,  com- 
pletely adequate  to  enable  it  to  select 
the  appropriate  parts  and  to  assemble 
them  in  the  appropriate  order.  Auto- 
mation also  enabled  the  machine  to  in- 
spect the  finished  product  and  reject 
those  units  which  failed  to  measure  up 
to  the  standards  which  had  been  set. 
It  was  an  impressive  operation,  and  yet 
I believe  that  it  was  poorly  conceived. 
The  mechanical  man  attempted  to  emu- 
late its  human  counterpart,  and  to  build 
a generator  precisely  as  man  would  build 
it.  I believe  that  our  future  machines  will 
be  designed  so  as  to  be  more  compatible 
with  the  capabilities  of  the  mechanical 
man.  Coils  will  be  wound  on  salient 
poles  rather  than  in  slots,  the  number  of 
electric  connections  will  be  reduced,  and 
the  commutator  will  be  replaced  by  a 
solid  state  rectifier.  The  net  result  will 
be  a cheaper  and  better  unit.  Un- 
doubtedly, mechanization  will  change 
not  only  the  methods  of  production,  but 
also  the  design  of  the  product  itself. 

And  speaking  of  solid  state  devices  — 
transistors,  sihcon  controlled  rectifiers, 
tunnel  diodes,  etc.  — they  will  replace 
many  of  our  vacuum  tubes  and  many  of 
our  present  rotating  machines.  They  will 
make  possible  cheaper,  smaller,  lighter 
and  more  reliable  electrical  equipment. 

The  electronic  computer  is  achieving 
greater  and  greater  acceptance,  and  it  is 
likely  to  do  for  the  white  collar  worker 
what  the  automatic  machine  does  for  the 
blue  collar  worker.  Each  is  equipped 
with  a memory  system  and  a facility  for 
computation  and  assessment  which  ap- 
proaches that  of  an  individual,  and  in 
many  respects  exceeds  it.  It  can  perform 
all  the  ordinary  mathematical  functions, 
it  can  compare  data,  and  make  decisions 
based  on  the  comparison. 

The  computer  can,  for  example,  play 
a fair  amateur  game  of  chess,  but  in 
checkers  it  displays  a marked  superiority 
over  its  creator.  It  learns  by  its  own 
mistakes,  and  it  is  programmed  to  avoid 
a repetition  of  the  mistake.  It  can  read 
printed  matter,  and  indeed  can  do  so 
more  reliably  than  a human.  Each  letter 
it  reads  is  compared  with  every  other 
letter  of  the  alphabet,  and  the  machine 
then  makes  an  objective  and  quantitative 
assessment  of  the  comparison.  Even  a 


smudged  letter  stands  a better  chance 
of  being  read  accurately  than  in  the 
case  of  the  human  operator.  It  will  read 
different  sizes  of  type.  Arising  out  of 
this,  it  can  read  one  language,  and  by 
storing  in  its  memory  the  dictionaries 
and  grammars  of  that  language  and  any 
other  language  into  which  a translation 
is  desired,  it  will  translate,  perhaps  not 
as  elegantly  as  a human  translator,  but 
acceptably.  You  may  ask  why  this  is  not 
being  used  extensively  now,  and  the  rea- 
son is  that,  for  once  at  least,  the  machine 
is  more  expensive  than  the  human  trans- 
lator. 

As  Norbert  Wiener  has  pointed  out, 
“they  ( the  machines  ) most  definitely 
escape  from  the  completely  effective 
control  of  the  man  who  has  made  them.” 
Nor,  it  has  been  said,  is  there  any  com- 
fort in  the  assertion  that  since  man  built 
the  machine  he  will  always  be  smarter 
or  more  capable  than  it  is.  On  the  con- 
trary, we  must  derive  our  comfort  from 
the  fact  that  these  machines  require 
electricity  for  their  operation,  and  we 
can  always  turn  off  the  switch.  This  is 
not  always  possible  with  people. 

The  retrieval  of  information  is  another 
problem  urgently  demanding  attention. 
The  problem  exists  in  all  professions, 
but  it  is  particularly  acute  in  the  en- 
gineering profession  because  the  en- 
gineer must  avail  himself  of  the  contri- 
butions of  all  scientists  within  his  area 
of  interest,  as  well  as  those  of  his  fellow 
engineers.  This  is  easy  enough  to  state, 
but  extremely  difficult  to  realize.  During 
the  past  twelve  months,  scientists  and 
engineers  are  reputed  to  have  published 
over  50  million  pages.  The  magnitude 
of  such  numbers  is  always  difficult  to 
grasp,  but  50  million  pages  would  form 
a pile  of  paper  over  one  mile  high,  and 
would  fill  the  equivalent  of  100,000 
average  length  books.  The  difficulty  of 
reviewing  this  vast  volume  of  literature 
and  extracting  the  items  which  may  in- 
terest any  one  engineer  is  gigantic.  Elec- 
tronic retrieval  machines  will  undoubt- 
edly be  called  upon  in  the  future.  The 
engineer  will  tell  the  computer  the  field 
in  which  he  is  interested  and  the  type 
of  information  he  needs,  and  the  com- 
puter will  then  proceed  to  review  the 
extensive  literature  at  incredible  speed, 
and  deliver  the  required  data  in  a type- 
written report.  Already  library  sources 
are  stored  in  this  manner. 

The  application  of  such  machines  is 
endless.  For  example,  the  R.  H.  Macy 
Company  is  experimenting  with  the  re- 
placement of  sales  girls  by  electronic 
machines.  Each  machine  is  capable  of 
dispensing  36  different  items  in  10 
separate  styles  and  sizes,  and  will  accept 
in  payment  one-dollar  and  five-dollar 
bills,  in  addition  to  coins,  and  return  the 
correct  change,  even  rejecting  counter- 
feit or  spurious  currency.  It  would,  for 
example,  reject  Canadian  currency,  at 
least  as  long  as  the  dollar  is  devaluated. 
Machines  do  not  demand  a coffee  break, 
and  do  not  quibble  about  hours  of  work. 
Admittedly,  the  aesthetic  appeal  may  be 
somewhat  lower,  but  even  this  point  is 
disputed  by  some  of  our  less  romantic 
engineers. 

It  is  announced  that  in  France,  elec- 


tronic computers  have  been  used  ex- 
perimentally to  determine  the  guilt  of 
people  charged  with  law  violations.  The 
machine  explores  all  law  pertaining  to 
the  case,  and  assesses  whether  or  not  the 
evidence  warrants  conviction  or  acquit- 
tal. Perhaps  few  of  us  would  want  to 
rely  on  the  impartiality  of  a machine  in 
such  cases,  but  the  proponents  insist  that 
the  machine  is  much  more  objective  than 
any  human  court. 

Similarly,  I have  seen  an  electronic 
unit  which  diagnosed  disease  in  much 
the  same  way.  The  description  of  the 
patient’s  symptoms  was  fed  into  the  ma- 
chine which  then  proceeded  to  scrutinize 
every  possible  disease,  and  to  identify 
the  ailment  consistent  with  the  symp- 
toms. In  fact,  the  report  on  the  perfor- 
mance of  this  machine  reads  as  follows: 
“The  development  of  procedures  for 
medical  diagnosis  by  machine  is  pro- 
ceeding well.  A completely  automatic 
analysis  of  data  can  produce  just  as  good 
a diagnosis  of  brain  malfunction  as  that 
done  by  a highly  trained  doctor.”  In 
addition  to  such  a diagnosis,  it  also  as- 
sesses the  reaction  of  the  patient  to 
various  test  procedures.  In  fact,  it  is 
suggested  that  a central  machine  could 
diagnose  the  ailments  of  patients  in  a 
large  area  simply  by  having  adequate 
communication  links  between  the  local 
doctors  and  the  machine. 

During  the  past  few  weeks,  Trans- 
Canada  Air  Lines  has  been  installing 
electronic  machines  which  will  take 
care  of  reservations  over  their  whole 
vast  system.  When  completed,  they  will 
expedite  the  sale  of  space,  and  provide 
even  better  service.  Perhaps  I might 
venture  a personal  wish  that  they  will 
make  possible  the  elimination  of  the 
unending  reconfirmation. 

Computers  are  even  taking  over  design 
functions,  and  the  design  of  an  electric 
motor  which  occupied  a few  days  of 
my  time  as  a junior  engineer  many  years 
ago,  is  now  completed  in  a few  minutes 
by  a computer,  and  even  in  this  short 
interval,  the  computer  explores  more 
possible  alternatives  than  I could  afford 
to  consider  as  a designer. 

I have  given  a few  examples  of  what 
is  being  done  already,  and  what  may  be 
done  in  the  future.  But  when  the  elec- 
tronic computer  is  teamed  with  auto- 
matic control,  the  combination  becomes 
a formidable  competitor  for  manpower. 
Already  machine  tools  are  being  control- 
led by  computers,  and  information  from 
drawings  is  stored  in  the  computer 
memory  system,  and  it  controls  the  ma- 
chine accordingly  to  produce  the  re- 
quired item.  In  some  cases,  feedback 
control  is  employed  to  make  certain 
that  the  finished  product  falls  within  the 
acceptable  tolerances.  It  is  certain  that 
the  same  general  acceptance  of  com- 
puters into  our  present  commercial  sys- 
tem will  change  the  whole  concept  of 
management.  Management  will  rely  more 
and  more  on  the  collection  of  data  by 
computers  and  the  comparison  which  the 
computers  wiU  undertake.  In  fact,  it  is 
even  possible  that,  in  addition  to  chang- 
ing production  techniques  and  product 
design,  as  mentioned  earlier,  the  com- 
puter may  result  in  a revised  language 
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Guy  Laberge  of  Montreal  receives  the  Ernest  Marceau 
Prize  from  Mr.  Lawton  for  “the  best  French  language 
paper  presented  by  an  Associate  of  the  Institute  in  the 
Province  of  Quebec. 


T.  C.  Higginson  of  Saint  John  receives  the  George  Mc- 
KLnstry  Dick  Branch  Achievement  on  behalf  of  the  North- 
ern New  Brunswick  Branch.  Dr.  Dick  has  just  made  the 
presentation  while  G.  N.  Martin  looks  on. 


John  Young  of  Vancouver  won  the  Robert  W.  Angus  Medal 
(1961)  for  the  “best  paper  on  a mechanical  engineering 
subject  published  in  the  Engineering  Journal.”  As  Mr. 
Young  was  unable  to  accept  the  Medal  in  person  it  was 
accepted  from  Mr.  Lawton  on  his  behalf  by  Mr.  William 
Richmond  of  Vancouver. 


F.  L.  Lawton,  President  1962-63. 


This  year  for  the  first  time  the  George  McKinstry  Dick 
Branch  Achievement  Awards  were  presented.  Vancouver 
Branch  won  the  award  for  large  Branches  (more  than  100 
members).  Being  congratulated  by  Dr.  Dick  is  C.  F.  Ripley 
of  Vancouver.  Beside  Dr.  Dick  is  Vice-President  Martin. 


Taken  at  a meeting  of  the  ASME-EIC  International  Council,  this  picture  shows,  from  the  left:  C.  South- 
mayd,  ASME;  L.  Sentance,  EIC;  W.  H.  Byrne,  Past-President,  ASME;  Cliff  Schumaker,  President  .\SME; 
Garnet  T.  Page,  General  Secretary,  EIC;  Dr.  B.  G.  Ballard,  President  EIC;  Peter  Gooch,  EIC;  Robert 
Nelsen,  ASME;  W.  R.  Sproule,  ASME;  O.  B.  Seiner  II,  Secretary  ASME. 
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The  annual  meeting  of  student  representatives. 


Joslyn  Smith,  second  from  the  left,  is  receiving  from  Dr.  Ballard  replicas  of  the 
Julian  C.  Smith  Medal.  The  son  of  Julian  C.  Smith  accepted  the  replicas  on  behalf 
of  the  Smith  family.  Looking  on  are  R.  S.  Eadie  (left)  and  G.  N.  Martin. 


This  is  a typical  scene  at  an  author’s  breakfast.  S.  Sillitoe,  Chairman  of  the  Com- 
mittee on  Technical  Operations,  is  shown  briefing  the  authors  and  chairmen  on 
the  presentation  of  papers  and  the  conduct  of  sessions. 


Mr.  Lawton  congratulates  Past-President  5 
J.  J.  Hanna  of  Calgary  on  being  awarded  j 
an  Honorary  Membership  in  the  In-  i 
stitute.  j 
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system.  Already  it  is  causing  at  least 
some  of  us  to  think  in  a different  scale 
of  notation,  and  some  of  tlie  alphabetical 
characters  have  been  modified  in  shape 
i to  make  them  more  compatible  with  the 
' machine.  It  is  common  to  talk  of  trans- 
I lation  to  machine  language.  Is  it  possible 
tliat  we  may  become  a trilingual 
country? 

i However,  these  innovations  create  new 
problems.  Without  adequate  judgment, 
i social  problems  of  enormous  range  will 
develop.  In  fact,  they  are  developing 
already.  In  theory,  the  computer  and  the 
■ machine  should  enable  us  to  enjoy  a 
I fuller  life  with  the  same  labour  force, 

: but  in  practice  there  are  serious  local 
, dislocations.  A greater  demand  is  de- 
! veloping  for  more  highly  trained  person- 
I nel  to  operate  these  more  sophisticated 
i machines,  and  a smaller  demand  for  the 
less  skilled  personnel  is  evident.  Indeed, 

1 it  has  been  stated  tliat  “the  shortage  of 
, (qualified)  professional  people  is  evi- 
I denced  by  the  60-hour  and  more  work 
! weeks  of  many  professionals.” 

I During  the  past  ten  years,  despite  an 
I increase  of  50  percent  in  the  volume  of 
I telephone  calls,  the  Bell  Telephone  Sys- 
j tern  has  increased  its  personnel  by  10 
I percent.  The  U.S.  Census  Bureau  em- 
1 ployed  50  statisticians  to  undertake  a 
, tabulation  in  I960  that  had  required 
4,100  in  1950.  The  dislocation  becomes 
! more  acute  because  we  are  interfering 
1 with  the  natural  law  of  supply  and  de- 
I mand.  Cartels,  restrictive  trade  agree- 
I ments,  tariffs  and  labour  agreements  up- 
I set  the  normal  balance  and  impose 
I artificial  values  which  are  overcome,  but 
I not  corrected,  through  the  use  of  ma- 
! chines. 

I It  therefore  becomes  increasingly  im- 
j portant  that  we  as  enginers  accept  our 
I obligations  and  responsibilities  for  the 
consequences  of  the  products  of  our 
minds.  We  cannot  say  that  we  are  only 
engineers  and  that  tlie  manner  in  which 
our  creations  are  employed  is  the  re- 
sponsibility of  otlier  people.  I do  not 
suggest  that  we  must  shoulder  the  whole 
burden  of  the  world’s  future,  but  I do 
suggest  that  we  must,  in  collaboration 
with  the  other  professions,  accept  our 
proper  share.  Our  knowledge  of  ma- 
chines and  their  possibilities  makes  our 
participation  particularly  essential.  We 
pride  ourselves  on  being  a profession  of 
integrity.  We  boast  that  a machine  will 
not  function  satisfactorily  if  it  is  not  de- 
signed honestly,  but  I suggest  that  we 
should  be  very  cautious  that  we  are  not 
deluding  ourselves.  All  learned  profes- 
sions have  become  indi.spen.sable  in 
modern  society,  and  we  must  not  take 
advantage  of  this  fact.  There  is  evidence 
of  a decline  in  the  respect  in  which 
society  holds  the  professions.  The  en- 
gineering profession  is  perhaps  least 
vulnerable  in  this  respect,  becau.se  it  does 
not  come  into  the  .same  close  contact 
witli  the  general  public  as  the  other 
learned  profe.ssions.  It  is  significant  that 
tlicre  is  an  agitation  for  .socialized  medi- 
cine, which  may  indicate  public  dissatis- 
faction with  that  profession.  It  is  of 
interest  to  note  that  a professional  man 
who  is  a candidate  for  election  to  the 


ne.xt  federal  Parliament  chooses  to  pre- 
sent an  image  of  himself  as  a “common 
man”  rather  than  as  a professional  man. 
Personally,  I want  to  be  represented  by 
an  uncommon  man  who  can  bring  the 
best  possible  brains  to  bear  on  the  prob- 
lems with  which  our  federal  government 
is  confronted.  If  we  do  not  enjoy  the 
respect  of  society,  we  should  ask  our- 
selves why.  We  are  an  essential  element 
of  our  vast  economic  system,  and  we 
must  have  a clear  conseience  regarding 
the  integrity  of  our  efforts.  The  public’s 
image  of  the  profession  will  not  depend 
upon  legislation,  provincial  or  otherwise, 
but  ratlrer  on  the  profession’s  contribu- 
tions to  society,  and  the  integrity  with 
which  those  contributions  are  made. 

There  is  a fantastic  future  for  en- 
gineers. The  learned  societies  have  an 
obligation  to  keep  their  members  abreast 
of  the  latest  developments,  and  also  to 
assist  us  to  assume  our  proper  obliga- 
tion with  respect  to  the  social  problems 
which  we  will  in  a sense  create.  We  will 
need  a closer  integration  of  all  engineer- 
ing disciplines,  because  few  modern  de- 
velopments require  only  one.  An  atomic 
energy  power  plant,  for  example,  re- 
quires the  services  of  almost  every  type 
of  engineer.  We  need  also  to  establish 
close  integration  with  other  professions. 
The  Engineering  Institute  of  Canada 
has  a unique  opportunity  to  develop  our 
profession  and  provide  a service  to  Can- 
ada. Let  us  endeavour  to  achieve  greater 
heights  and  a better  world  when  we 
celebrate  our  lOOth  Anniversary. 

PROFESSIONAL  DEVELOPMENT 

An  extremely  productive  meeting  was 
held  of  the  National  Committee  on  Pro- 
fessional Development  Programs.  W.  A. 
H.  Filer  of  Hamilton  is  Chairman. 

Representatives  from  Calgary  to  Fred- 
ericton were  on  hand  to  discuss  the 
program  which  offers  courses  in  a wide 
variety  of  non-technical  subjects.  Pro- 
grams now  being  offered  by  some 
Branches,  and  programs  proposed  by 
others  received  considerable  attention. 
Mr.  Henderson  talked  on  the  Engineers 
Council  for  Professional  Development. 

Dr.  Ballard  and  the  Ceneral  Secretary 
discussed  other  phases  of  the  program, 
and  described  what  assistance  was  avail- 
able through  the  Canadian  Association 
on  Adult  Education. 

The  discussions  and  information  are  to 
be  summarized  for  distribution  to 
Branches  represented  at  the  meeting,  and 
to  other  Branches  which  expressed  in- 
terest in  a Professional  Develoi^ment 
Program. 

HONORS  AND  AWARDS 

Five  distinguished  Canadians  were 
awarded  Honorary  Memberships  in  the 
Institute  and  12  others  received  different 
honors,  prizes  and  awards  for  their  con- 
tributions to  engineering  and  its  litera- 
ture. 

Receiving  Honorary  Membcr.ships 
were: 

Robert  S.  Eadic,  Vice-President  and 
Director  of  Engineering,  Dominion 
Bridge  Company  Limited,  Montreal; 


John  Jeffrey  Hanna,  Formerly  Refinery 
Manager,  Imperial  Oil  Limited,  Calgary; 

Thomas  R.  Loudon,  Professor  Emeri- 
tus, University  of  Toronto;  Toronto; 

Dr.  E.  W.  R.  Steacie,  President,  Na- 
tional Research  Council  of  Canada; 
Ottawa; 

Dr.  D.  M.  Stephens,  Chairman  and 
General  Manager,  Manitoba  Hydro-Elec- 
tric Board,  Winnipeg. 

Other  awards  and  their  recipients: 

Julian  C.  Smith  Medal  (1961)  “for 
achievement  in  tire  development  of 
Canada”. 

Thomas  Wardrope  Eadie,  President, 
The  Bell  Telephone  Company  of  Canada, 
Montreal,  and  Frederic  Hathaway  Peters, 
Past  former  Chief,  Surveys  and  Mapping 
Bureau,  Department  of  Mines  and  Re- 
sources, Ottawa. 

The  Gzowski  Medal  (1961)  “for  the 
best  paper  of  the  medal  year  on  a civil 
engineering  subject.  Rene  A.  C.  Hauser 
and  E.  F.  Pariset,  both  Montreal,  for 
their  paper  entitled  “Formation  and  Evo- 
lution of  Ice  Covers  on  Rivers.” 

The  Leonard  Medal  (1961)  “for  papers 
on  mining  subjects”  by  T.  W.  Wlodek, 
Ottawa,  for  his  paper  entitled  “The 
Double-Notched  (V-V)  Bar  Tension- 
Bending  Test.” 

The  Plummer  Medal  (1961)  “for 
papers  on  chemical  and  metallurgical 
subjects”  by  D.  S.  Scott,  Associate  Pro- 
fessor of  Chemical  Engineering,  Uni- 
versity of  Briti.sh  Columbia,  Vancouver, 
for  his  paper  entitled  “The  Behaviour  of 
Rarefied  Gases.” 

The  Duggan  Medal  and  Prize  (1961) 
“for  the  best  paper  dealing  with  the  use 
of  metals  for  structural  and  mechanical 
purposes”  by  A.  Hrennikoff,  Professor  of 
Civil  Engineering,  University  of  British 
Columbia,  Vancouver,  for  his  paper  en- 
titled “Weaknesses  in  the  Theory  of 
Plastic  Design.” 

The  R.  A.  Ross  Medal  (1961)  “for 
papers  on  electrical  engineering  subjects” 
by  Dr.  R.  C.  Langille,  Superintendent, 
Electronics  Laboratory,  Defence  Research 
Telecommunications  Establishment,  Ot- 
tawa, for  his  paper  entitled  “The  DRB 
Topside  Sounder  Satellite.” 

The  Robert  W.  Angus  Medal  (1961) 
“for  the  best  paper  on  a mechanical  en- 
gineering subject”  by  John  Young,  As- 
sistant Professor,  Faculty  of  Engineering, 
University  of  British  Columbia,  Van- 
couver, for  his  paper  entitled  “The 
Thermal  Wedge  Effect  in  Hydrodynamic 
Lubrication.” 

The  Sir  George  Nelson  Award  (1961) 
“for  a paper  on  the  science  of  electrical 
engineering  and  its  application”  by  K. 
H.  Williamson,  Manitoba  Hydro,  M’inni- 
peg,  for  his  paper  entitled  “Load  Fre- 
quency Control  System  of  the  Manitoba 
Hydro-Electric  Board.” 

The  Canadian  Lumbermen’s  Associa- 
tion prize  (1961)  by  B.  Madsen,  Glukun 
Products  Limited,  New  M'estminsler, 
B.C.,  for  his  paper  entitled  “Unique 
Design  in  Clulam.”  This  prize  is  awarded 
for  “a  paper  on  the  use  of  lumber  or 
timber  in  construction:  or  tlie  use  of 
wood,  ineludiiyg  wood  waste,  in  the 
manuhieture  of  useful  proiluets;  or  in  the 
development  of  methoils  of  treating  wooil 
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to  make  it  more  resistive  to  destruction 
from  decay,  insects,  marine  organisms  or 
fire;  or  in  such  other  related  subjects  in 
wood  utihzation  as  may  later  be  de- 
signed.” 

The  Ernest  Marceau  Prize  (1961)  “for 
the  best  French-Language  paper  pre- 
sented by  an  Associate  of  the  Institute  in 
the  Province  of  Quebec”  by  Guy  Laberge 
of  Montreal  for  his  paper  entitled 
“Poutres  en  Acier  Précontraint  Travail- 
lant en  Composite  avec  la  Dalle.” 

Branch  Achievement  Awards 

It  was  appropriate  that  in  this  most 
successful  of  all  Annual  Meetings  that 
the  first  presentations  were  made  of  the 
George  McKinstry  Dick  Branch  Achieve- 
ment Awards.  Dr.  Dick  was  the  1960- 
61  President  of  the  Institute. 

The  Award  for  large  Branches  (more 
than  100  members)  went  to  Vancouver 
Branch.  The  handsome  plaque  was  re- 
ceived on  behalf  of  the  Branch  by  C.  F. 
Ripley.  The  award  for  small  Branches 
was  won  by  Northern  New  Brunswick 
Branch  and  was  received  on  its  behalf 
by  T.  C.  Higginson. 

COMMITTEE  ON  MEMBERSHIP 

The  largest  meeting  of  the  committee 
ever  held  took  place  on  the  afternoon  of 
Thursday,  June  14  with  21  members 
present. 

Several  problems  of  membership  ad- 
ministration and  procedure  were  dealt 
with  first,  and  solutions  were  agreed 
upon  and  recommended  to  Council  in 
every  case.  The  proper  role  of  the  75tli 
Anniversary  Special  Membershop  Com- 
mittee was  clarified  and  defined. 

A review  of  the  progress  during  the 
12  months  showed  that  the  over-all  in- 
crease in  E.I.C.  membership  was  nearly 
7%.  The  meeting  agreed  that  this  reflects 
a very  healthy  and  satisfactory  condition. 
It  is  apparent  now  that  the  membership 
promotion  drives  at  many  of  the  Branches 
are  beginning  to  show  good  results. 

Taking  a look  at  future  activities,  it 
was  agreed  that  the  four  main  points  in 
the  Committee’s  plan  for  1962-63  should 
be: 

a.  The  maintenance  of  full  support  for, 
and  co-operation  with,  the  Branch 
Membership  Committees  or  Repre- 
sentatives. 

b.  Working  with  Headquarters,  a con- 
tinued search  for  new  ways  and  means 
of  encouraging  membership  growth. 

c.  The  improvement  and  strengtliening 
of  the  Institute’s  contacts  with  the 
engineering  student  bodies. 

d.  Continued  attention  to  improving  and 
streamlining  our  membership  ad- 
ministrative procedures. 

COMMITTEE  ON  PLANNING 
FOR  THE  FUTURE 

On  June  lOtli,  1962,  the  first  meeting 
of  the  Committee  on  Planning  for  the 
Future  was  held.  This  Committee  con- 
sists of  G.  M.  Dick,  Chairman,  and  the 


members  as  follows:  Miss  E.  MacGill, 
Toronto;  G.  M.  Boissonneault,  Montreal; 
W.  A.  Capelle,  Ottawa;  H.  Chaput,  Ot- 
tawa; A.  C.  Davidson,  Toronto;  G. 
Demers,  Quebec  City;  F.  R.  Denham, 
Toronto;  E.  D.  Gray-Donald,  Montreal; 
H.  Gaudefroy,  Montreal;  D.  A.  Lamont, 
Peterborough,  Ont.;  H.  Marshall,  Halifax; 
G.  N.  Martin,  Montreal;  J.  U.  Moreau, 
Three  Rivers,  Que.;  D.  M.  Myers,  Van- 
couver; D.  Stephens,  Winnipeg;  D.  F. 
Tupper,  Toronto. 

Almost  all  die  committee  members 
were  present  and  a considerable  amount 
of  interest  and  enthusiasm  was  displayed 
on  this  very  important  subject  of  future 
planning. 

The  terms  of  reference  of  the  Com- 
mittee on  Planning  for  the  Future  are 
as  follows: 

Establish  a planning  committee  with 
well-balanced  maturity  and  youth, 
knowledge  and  wisdom.  The  purpose 
of  this  planning  committee  would  be 
the  development  of  constructive  future 
broad  range  planning  for  the  Institute, 
for  submission  to,  and  deliberation  and 
decision  by.  Council. 

A number  of  members  had  previously 
submitted  ideas  as  to  the  type  of  subject 
which  should  be  discussed  and  these 
communications  had  been  circulated 
among  the  membership  and  were  even- 
tually commented  on  by  those  present. 

It  was  decided  that  the  modus 
operand!  of  the  committee  should  be  as 
follows: 

(1)  Define  tlie  problems. 

(2)  Establish  list  of  priories. 

(3)  Keep  in  mind  the  actual  needs  of  the 
members. 

(4)  Have  cognizance  of  the  fact  that 
“finances”  seems  to  be  a common 
denominator  in  most  problems. 

(5)  Consider  advanced  training  programs 
for  Branch  Chairmen  and  other 
Branch  personnel  probably  one  or 
two  weekend  seminars,  held  during 
the  late  summer. 

(6)  Keep  in  mind  strength  of  The  In- 
stitute is  in  the  effectiveness  of  its 
Branches. 

(7)  Give  proper  consideration  to  what  is 
required  by  public  relations  or  other- 
wise to  keep  the  name  and  purpose 
of  the  Institue  sufficiently  before  the 
public. 

(8)  Consider  a better  form  of  “manage- 
ment” through  regional  controls,  so 
that  Vice  Presidents  and  Councillors 
will  be  more  effective  in  assuming 
responsibility  for  and  promoting 
branch  activities. 

It  would  appear  that,  because  of 
the  geographical  problem,  that  a con- 
siderable amount  of  this  committee’s 
work  will  have  to  be  done  by  corres- 
pondence witli  a small  sub-committee 
acting  as  a clearing  house  and  circulating 
to  the  members  the  opinions  of  their 
confreres.  The  feed-back  from  such  dis- 
tribution would  then  be  summarized  by 
the  sub-committee  and  proposed  recom- 
mendations formed,  which  recommenda- 


tions, in  turn,  would  be  sent  to  each  I 
member  for  his  approval,  or  otherwise,  j 
It  appeared  evident  that  immediate  ! 
action  should  be  taken  on  Item  (8).  ' 
Therefore  this  matter  of  regional  opera- 
tion will  be  given  immediate  attention  : 
in  the  hopes  that  a recommendation  can  i 
be  arrived  at  for  submission  to  the  Presi- 
dent and  Council  at  an  early  date.  . 


ANNUAL  BANQUET 

Dr.  Wilson,  a prominent  Canadian  ! 
geophysicist,  asked  why  engineers  and  i 
scientists  have  had  such  a small  part  in  ^ 
the  control  and  operation  of  society.  I 

“It  is  certain  that  human  civilization  ! 
has  patterns  and  that  it  operates,”  Dr.  , 
Wilson  said.  “In  a sense  then  it  can  be  Î 
thought  of  as  an  engine  or  machine  ' 
which  controls  the  pattern  of  our  lives.”  | 

“In  considering  the  enormous  changes  j 
in  this  pattern  which  the  development 
of  this  engine  or  society  has  introduced, 
it  is  convenient  to  consider  three  stages 
or  cultures,  those  of  the  primitive  sav-  ' 
ages,  of  the  agricultural  civilization  and 
of  the  modem,  technological  societies. 

“In  the  progress  from  one  culture  to 
the  next  it  is  clear  that  engineers  and 
other  technologists  and  scientists  have 
played  a major  part  and  that  the  influ- 
ence of  the  engineer  and  scientist  in 
changing  society  is  greater  now  than 
ever  before.  On  the  other  hand,  these  j 
men  have  played  a rather  minor  part  in  1; 
the  control  and  day-to-day  operation  of  | 
society.  jj 

“.  . . one  may  ask  why  engineers  and  I 
scientists  have  so  little  part  in  the  control  , 
and  operation  of  society  and  whether  it  \ 
is  desirable  and  possible  to  increase  their  j 
influence.”  I 


CONFEDERATION 

The  problem  of  unity  of  the  engineer-  (; 
ing  profession  of  Canada  and  this  pro- 
posal of  the  Engineers  Confederation 
Commission  received  a great  deal  of  at-  ; 
tention  by  both  the  CCPE  and  the  EIC 
during  the  past  year. 

The  following  is  a chronological  sum-  ] 
mary  of  the  major  activities  and  discus-  ! 
sions  immediately  prior  to  and  during 
the  1962  Annual  General  Meeting. 

Meeting  of  Presidents  of  the  ' 

Constituent  Bodies  of  CCPE 

In  view  of  the  evident  complexity  of  1 
the  mater  and  the  numerous  obstacles 
encountered,  a special  meeting  of  the 
Presidents  of  the  Provincial  and  terri- 
torial associations  and  the  Corporation  ; ' 
was  called  by  the  Canadian  Council  and  t i 
held  immediately  prior  to  its  annual  I 
meeting.  The  meeting  was  held  May  8 ^ 

in  Quebec  City. 

The  Presidents  were  requested  to  ; ' 
answer  a series  of  eight  questions  which 
had  been  submitted  to  their  respective  i ' 
Councils  one  month  before  the  meeting. 

The  replies  tabled  at  the  meeting  indi-  . 
cated  the  following  facts: 


60 


THE  ENGINEERING  JOURNAL  |î|  JULY,  1962 


This  is  a candid  picture  of  some  head  table  guests  at  the  75th  Anniversary  Dinner.  From  the  left:  Dr. 
H.  W.  McKiel;  Mrs.  MacNab;  Dr.  J.  B.  Stirling;  Mrs.  Mackenzie;  Mgr.  Paul  Grégoire;  Dr.  Ballard; 
Mrs.  Stirling;  Dr.  C.  J.  Mackenzie;  Mrs.  Ballard;  Dr.  I.  P.  MacNab;  Mrs.  Vance. 


Another  picture  of  head  table  guests  at  the  75th  Anniversary  Dinner  includes,  from  the  left:  Ross  Dobbin; 
Dr.  K.  F.  Tupper;  Mrs.  Lawton;  V.  A.  McKillop;  Mrs.  Dick;  Dr.  D.  M.  Stephens;  Mrs.  Anson;  Di. 
J.  A.  Vance;  Mrs.  Heartz;  Dr.  H.  W.  MeKiel. 


This  group  of  head  table  guests  from  the  75th  Anniversary  Dinner  includes,  from  the  left:  Dr.  R.  E.  llcartz; 
Mrs.  Stephens;  Dr.  C.  M.  Anson;  Mrs.  McKillop;  Mrs.  J.  J.  Hanna;  Mrs.  Tupper;  Dr.  G.  McK.  Dick;  Mrs. 
Hanna;  Mr.  Lawton. 
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a)  Five  Associations  are  not  in  com- 
plete agreement  with  the  eight  basic 
clauses  proposed  by  the  Joint  Commitee 
on  Confederation  and  used  as  basis  for 
the  Report  of  the  Engineer’s  Confeder- 
ation Commission. 

b)  Five  Associations  believe  that  the 
Commission’s  Report  is  in  part  inconsist- 
ent with  the  eight  basic  clauses,  particu- 
larly clauses  no.  2 and  no.  8,  and  four 
of  these  Associations  do  not  agree  with 
the  changes  made  by  the  Commission. 

c)  All  Associations  are  prepared  to 
submit  to  their  membership  a modified 
Confederation  Report,  but  three  Associ- 
ations will  do  so  only  if  the  Engineering 
Institute  of  Canada  agrees  to  do  like- 
wise. 

Following  considerable  discussion,  the 
meeting  agreed  to  submit  two  major 
recommendations  which  were  subse- 
cpiently  approved  at  the  Annual  Meeting 
of  Canadian  Council. 

Decisions  of  Canadian  Councii  of 
Professionai  Engineers,  1962  Annual 
Meeting  Quebec  City,  May  9-11 

The  following  motions  were  approved 
during  the  1962  annual  meeting  and  will 
become  effective  if  ratified  by  the 
Council  of  the  Provincial  Associations. 

1.  RESOLVED  that  the  Executive 
Committee  of  Canadian  Council  be  in- 
structed to  continue  negotiations  with 
the  Council  of  Engineering  Institute  of 
Canada  on  the  basis  of  the  Report  of 
the  Engineers’  Confederation  Commis- 
sion and  the  essential  and  desirable 
changes  to  be  made  to  this  Report  as 
requested  or  suggested  by  the  members 
of  Canadian  Council  and 

RESOL\TîD  that  when  these  negoti- 
ations have  reached  the  point  where  the 
Executive  Committee  of  Canadian 
Council  feels  no  further  progress  is  being 
made,  the  members  of  Canadian  Council 
agree  to  .submit  the  Report  of  the  En- 
gineers’ Confederation  Commission  (as  it 
now  stands  or  as  subsequently  revised 
by  mutual  agreement  of  the  Executive 
Committee  of  Canadian  Council  and  the 
Council  of  the  Engineering  Institute)  to 
their  members  for  a vote  provided  the 
E.I.C.  Council  is  prepared  to  do  the 
same. 

This  motion  was  carried  unanimously. 

2.  RESOLVED  that  the  Report  of  the 
Engineers’  Confederation  Commission  be 
modified  in  such  a way  that  membership 
in  the  proposed  Institute  being  on  a 
voluntary  basis,  provision  be  made  for 
individual  membership  fees,  which  fees 
will  be  collected  by  tlie  Provincial  As- 
sociations for  transmittal  to  the  Institute, 
and  that  further  provision  be  made  for 
contributions  to  tlie  prof)osed  Institute 
by  the  Provincial  Associations,  these  con- 
tributions to  be  coinioarable  to  those 
presently  made  to  Canadian  Council. 

This  motion  was  carried  by  majority 
vote. 

3.  RESOLVED  that  an  endeavour  be 
made  by  the  Executive  Committee  of 
C.C.P.E.  to  negotiate  with  the  Council 
of  E.I.C.  for  acceptance  of  a change  in 
the  Report  of  the  Engineers’  Confeder- 
ation Commission  which  would  stipulate 
that  branches  or  chapters  are  to  report 


directly  to  the  appropriate  Provincial 
Association  or  Corporation  with  a pro- 
vision that  tlie  Provincial  Association  or 
the  Coriioration  may,  if  it  so  desires, 
authorize  any  branch  under  its  jurisdic- 
tion to  communicate  directly  with  the 
National  Body. 

This  motion  was  carried  by  majority 
vote. 

4.  RESOLVED  that  the  Report  of  the 
Engineers’  Confederation  Commission  be 
amended  throughout  to  conform  with 
that  part  of  Clause  2 of  the  Joint  Com- 
mittee Report  wherein  it  is  stated  that 
“full  membership  in  the  National  Body 
shall  be  confined  to  members  of  the 
provincial  and  territorial  Associations  and 
Corporation  of  professional  engineers.” 

This  motion  was  carried  by  majority 
vote. 

5.  RESOLVED  that  the  Executive 
Committee  be  empowerd  to  re-appoint 
or  dissolve  the  Engineers’  Confederation 
Commission  when  their  iiresent  appoint- 
ment terminates  in  October  1962. 

This  motion  was  carried  unanimously. 

Joint  E.I.C., — C.C.P.E.  Meeting,  ^ 
Montreal,  June  9 

In  accordance  with  the  decisions  of 
the  Annual  Meeting,  a joint  meeting  of 
representatives  of  the  Executive  Com- 
mittee of  E.I.C.  and  of  the  E.xecutive 
Committee  of  C.C.P.E.  was  held  in  Mon- 
treal on  June  9th  to  exiilore  the  possi- 
bility of  eliminating  the  serious  differ- 
ences of  opinion  between  the  two  groups 
on  important  aspects  of  the  Confeder- 
ation proposal. 

After  considerable  discussion  it  be- 
came evident  that  these  differences  could 
not  be  resolved  and  both  groups  agreed 
that  it  was  not  possible  to  modify  the 
Report  of  the  Engineers’  Confederation 
Commission  to  make  it  reasonably  ac- 
ceptable to  all  groups  concerned.  It  was 
further  agreed  to  recommend  to  the  two 
Councils  that  the  m_embership  be  con- 
sulted by  referendum  on  the  basis  of  the 
existing  proposal,  each  body  reserving 
the  right  to  comment  on  the  Report  as 
it  saw  fit. 

Main  Areas  of  Disagreement 

The  main  points  on  which  it  appears 
impo.ssible  to  reach  agreement  or  com- 
promise are  as  follows; 

1.  Nature  of  Confederation.  — The  in- 
terpretations given  by  each  group  to 
.some  of  the  eight  basic  clauses  which 
served  as  a basis  for  the  Confederation 
Report  are  substantially  different.  Con- 
sequently, approval  in  principal  of  these 
basic  clauses  simply  indicated  a desire  on 
the  part  of  all  concerned  for  greater 
unity  and  strength  within  the  profession 
the  proposed  method  of  achieving  this 
objective  being  interpreted  in  different 
ways;  the  differences  in  interpretation 
unfortunately  became  evident  only  after 
the  details  had  been  worked  out  by  the 
Commission  and  thoroughly  studied  the 
various  Provincial  and  National  Councils. 

2.  Branches.  — The  larger  Provincial 
Associations  insist  that  the  Branches 
must  come  under  Provincial  jurisdiction 
while  the  E.I.C.  believes  it  is  es.sential 
for  the  successful  operation  of  technical 


programmes  that  branches  be  under  the  |l 
jurisdiction  of  the  National  Body.  Both  jl 
feel  that  the  proposed  dual  allegiance  of  ■ 
the  branches  is  impractical.  ™ 

3.  Membership.  — The  proposed  sub- 
stantial  indirect  compulsory  contribution  |l 
imposed  on  each  individual  engineer  is  H 
not  acceptable  to  some  association  Coun-  » 
cils.  Others  feel  that  an  assessment  based  a 
on  the  entire  membership  of  the  Associa-  ■ 
tion  is  essential.  The  E.I.C.  Council  be-  ■ 
lieves  that  a substantially  higher  fee  !(i 
would  be  required  if  membership  and/or  A 
assessments  are  on  a voluntary  basis.  T 

In  addition  it  appears  impossible  to 
compromise  on  the  proposed  restrictions  H 
on  membership.  îT 

4.  Annual  fee  or  assessment.  — Several  'll 
Association  Councils  believe  that  the  A 
proposed  assessment  of  $12.50  per  mem-  I 
laer  is  rather  high  while  the  E.I.C.  T 
Council  is  of  the  firm  opinion  that  a L 
minimum  fee  of  $18.00  will  be  required 

to  maintain  its  present  level  of  technical 
services,  assuming  that  tlris  assessment 
would  be  paid  on  the  basis  of  the  entire 
membership  of  the  Associations. 

Decisions  of  E.I.C. 

The  Council  of  the  Engineering  Insti- 
tute of  Canada,  at  its  75th  Annual  Gen- 
eral Meeting  in  Montreal,  June  12,  1962, 
decided  that  the  Institute  will  conduct  a 
letter  ballot  of  its  voting  membership  to 
obtain  an  expression  of  their  approval  or 
not  of  the  Final  Report  of  The  Engineers 
Confederation  Commission,  subject  to 
the  Institute  receiving  an  assurance  that 
each  and  every  one  of  tire  eleven  con- 
stituent associations  and  corporation  of 
the  C.C.P.E.  will  conduct  letter  ballots 
of  their  individual  members  on  the  same 
question,  and  all  at  the  same  time  as  the 
E.I.C.  conducts  its  ballot. 

It  is  clearly  understood  that  the  report 
referred  to  is  the  Final  Report  of  the 
Engineers  Confederation  Commission  as 
published  in  full  in  the  September,  1961, 
issue  of  “The  Engineering  Journal”,  un- 
changed in  any  way. 

It  is  also  clearly  understood  that  the 
Councils  of  the  eleven  constituent  bodies 
of  the  C.C.P.E.  and  the  Council  of  the 
E.I.C.  are  not  obligated  to  recommend 
to  their  members  that  the  terms  of  the 
report  be  approved;  and  that  these 
Councils  are  free  to  advise  their  mem- 
bers of  arguments  for  and  against  the 
terms  of  tlie  report  and  to  provide  their 
members  with  the  opinion  of  Council 
regarding  the  report. 

4.  This  decision  was  approved  unani- 
mously at  the  Annual  Meeting  of  the 
Institute  held  in  Montreal  on  June  12, 
1962. 

Referendum 

If  the  Councils  of  the  Associations  and 
the  Corporation  approve  of  a referendum 
of  the  basis  of  the  Confederation  Report  j 
a submitted  by  the  Engineers’  Confeder-  i 
ation  Commission,  it  is  proposed  to  con- 
duct such  a referendum  simultaneously 
amongst  the  members  of  the  Associations  [ 
and  of  the  Engineering  Institute  of  Can- 
ada before  the  end  of  the  year.  ||| 
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Secretary-Treasurer,  E.  H.  Wilson,  720 
Avondale  Avenue,  Kitchener,  Ont. 


KOOTENAY 

Chairman,  Stanley  Nixon,  M.E.I.C.,  1530 
Tulip  Street,  Trail,  B.C. 

Secretary,  G.  W.  Downie,  M.E.I.C.,  Box 
646,  Rossland,  B.C. 


LAKEHEAD 

Chairman,  E.  B.  Ashton,  M.E.I.C.,  439 
Heather  Crescent.  Fort  William,  Ontario. 
Secretary,  L.  E.  Hardman,  M.E.I.C.,  172 
Ibbottson  St.,  Port  Arthur,  Ontario. 


LETHBRIDGE 

Chairman,  R.  W.  Jones,  M.E.I.C.,  c/o  Oland 
Construction  Ltd.,  930  - 3rd  Avenue  N., 
Lethbridge,  Alta. 

Secretary-Treasurer,  R.  F.  Smith,  M.E.I.C., 
2113  - 14th  Avenue  S.,  Lethbridge,  Alta. 


LONDON 

Chairman,  G.  T.  Fenwick,  M.E.I.C.,  c/o 
Unifin  Tube  Co.,  P.O.  Box  7,  Clarke  Side- 
road,  London,  Ont. 

Secretary-Treasurer,  E.  Oddleifson, 
M.E.I.C.,  Hydro  Electric  Power  Commis- 
sion of  Ontario,  340  Wellington  Street, 
London,  Ont. 


LOWER  ST.  LAWRENCE 

Chairman,  L.  P.  Dancose,  M.E.I.C.,  The 
Canada  Gulf  & Term.  Railway  Co., 
Mont-Joli,  Que. 

Secretary-Treasurer,  Raymond  Guerin, 
A.M.E.I.C.,  1509  de  la  Sapinière  Street, 
Rimouski,  Que. 


MONCTON 

Chairman,  L.  R.  Wadlyn,  M.E.I.C.,  115 
Bessborough  Ave.,  Moncton,  N.B. 
Secretary-Treasurer,  V.  C.  Blackett, 

M. E.I.C.,  97  MacBeath  Ave.,  Moncton, 

N. B. 


MONTREAL 

Chairman,  C.  Grange  Kingsmill,  M.E,I.C., 
c/o  Angus  Robertson  Ltd.,  5035  Western 
Ave.,  Montreal,  Que. 
Secretary-Treasurer,  Albert  Deschamps, 
M.E.I.C.,  6931  Cote  des  Neiges,  Montreal 
26,  Que. 


NEWFOUNDLAND 

Chairman,  A.  M.  Butt,  M.E.I.C.,  8 Cork 
Place,  St.  John’s,  Newfoundland. 
Secretary,  A.  E.  O’Reilly,  M.E.I.C.,  New- 
foundland Light  & Power  Co.  Ltd., 
P.O.  Box  976.  St.  John’s,  Nfld. 


NIAGARA  PENINSULA 

Chairman,  R.  D.  MacKimmie,  M.E.I.C., 
9 Sunnyside  Drive,  R.R.  5,  St.  Catharines. 
Ont. 

Secretary,  B.  H.  Chick,  M.E.I.C.,  24  Bris- 
bane Glen,  St.  Catharines,  Ont. 

NIPISSING  & UPPER 
OTTAWA 

Chairman,  R.  A.  Booy,  M.E.I.C.,  Box  1, 
Temiskaming,  Que. 

Secretary-Treasurer,  Norman  L.  Ede, 
A.M.E.I.C.,  c/o  Canadian  International 
Paper  Co.,  Temiskaming,  Que. 


NORTH  EASTERN  ONTARIO 

Chairman,  I.  M.  Foster,  M.E.I.C.,  6 Drury 
Street,  Kapuskasing,  Ont. 

Secretary-Treasurer,  John  W.  Shipman, 
M.E.I.C.,  64  Dominion  Street,  Kapus- 
kasing, Ont. 

NORTHERN 
NEW  BRUNSWICK 

Chairman,  G.  J.  Melanson,  M.E.I.C.,  P.O. 
Box  781,  Dalhousie,  N.B. 

Secretary-Treasurer,  Rex  J.  Edwards, 
A.M.E.I.C.,  Chaleur  Inn,  660  Montgomery 
Street,  Dalhousie,  N.B. 


NORTHERN  NOVA  SCOTIA 

Chairman,  J.  E.  Clarke,  M.E.I.C.,  38  Maple 
Avenue,  New  Glasgow,  N.S. 

Secretary,  Murray  C.  Wolfe,  M.E.I.C.,  P.O. 
Box  964,  Stellarton,  N.S. 


NORTH  SHORE  LOWER 
ST.  LAWRENCE 

Chairman,  B.  A.  Kelly,  M.E.I.C.,  P.O.  Box 
188,  Shelter  Bay,  Que. 

Secretary,  George  Jardine,  M.E.I.C.,  Port 
Cartier,  Que. 


OAKVILLE 

Chairman,  G.  A.  Alexander,  M.E.I.C.,  P.O. 

Box  550,  Oakville,  Ont. 
Secretary-Treasurer,  R.  G.  Montrose, 
M.E.I.C.,  237  Pinehurst  Drive,  Oakville, 
Ont. 


OTTAWA 

Chairman,  A.  B.  Connelly,  M.E.I.C.,  Kent- 
Albert  Building,  150  Kent  Street,  Ottawa, 
Ont. 

Secretary,  James  N.  Pritchard,  M.E.I.C., 
2234  McQuaig  Street,  Ottawa  1,  Ont. 


PETERBOROUGH 

Chairman,  W.  C.  Durant,  M.E.I.C.,  1244 
Clonsilla  Avenue,  Peterborough,  Ont. 
Secretary-Treasurer,  R.  H.  Rehder,  M.E.- 
I.C., 14  Middleton  Drive,  Peterborough, 
Ont. 


PORT  CREDIT 

Chairman,  T.  H.  Rosborough,  M.E.I.C., 
1408  Broadmoor  Avenue,  Port  Credit, 
Ont. 

Secretary-Treasurer,  Harry  D.  Smith,  790 
Melton  Drive,  Port  Credit,  Ont. 

PORT  HOPE 

Chairman,  J.  S.  Coopman,  M.E.I.C.,  57 
Victoria  Street,  Port  Hope,  Ont. 
Secretary-Treasurer,  Ross  H.  Abbott,  M.E.- 
I.C., Peter  Street,  Port  Hope,  Ont. 


PRINCE  EDWARD  ISLAND 

Chairman,  W.  S.  Veale,  M.E.I.C.,  P.O.  Box 
1268,  Charlottetown,  P.E.I. 
Secretary-Treasurer,  E.  S.  Chandler,  M.E.- 
I.C. 242  North  River  Road,  R.R.  2, 
Charlottetown,  P.E.I. 


QUEBEC 

Chairman,  J.  B.  Delage,  M.E.I.C.,  2774 
Montarville,  Ste.  Foye,  Que. 
Secretary-Treasurer,  Jacques  Plamondon, 
A.M.E.I.C.,  14  Avenue  Bon-Air,  Quebec 
10,  Que. 


RICHMOND  HILL 

Chairman,  Kenneth  Brown,  M.E.I.C.,  24 
Idleswift  Drive,  Box  777,  Thornhill,  Ont. 
Secretary-Treasurer,  Jack  P.  Miller,  M.E.- 
I.C., 7 Sussex  Avenue,  Richmond  Hill, 
Ont. 
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SAGUENAY 

Chaiiman,  D.  H.  Dobbs,  M.E.I.C..  212  Gay 
Lussac,  Arvida,  Que. 

Secrelary-Treasurer,  Guy  Robin,  M.E.I.C., 
258  St.  Leon  Street,  Jonquiere,  Que. 

SAINT  JOHN 

Chairman,  D.  I.  Higgins,  M.E.I.C.,  30  Eliza- 
beth Court,  Saint  John,  N.B. 

Secretary-Treasurer,  Eldon  D.  Thompson, 
A.M.E.I.C.,  P.O.  Box  4,  Champlain 
Heights,  Saint  John,  N.B. 

SAINT  MAURICE  VALLEY 

Chairman,  W.  M.  Ingram,  M.E.I.C.,  P.O. 
Box  269,  Shawinigan,  Que. 

Secretary-Treasurer,  MacGregor  Fraser, 
M.E.I.C.,  Laurentide  Inn,  Grand’Mere, 
Que. 

SARNIA 

Chairman,  R.  W.  Hogson,  M.E.I.C.,  885 
Kemsley  Street,  Sarnia,  Ont. 

Secretary-Treasurer,  F.  J.  Routledge,  M.E.- 
I.C.,  1031  Arbour  Court,  Sarnia,  Ont. 

SASKATCHEWAN 

Chairman,  M.  F.  Pardoe,  M.E.I.C.,  645- 
19th  Street  W.,  Prince  Albert,  Sask. 

Secretary-Treasurer,  Reginald  Bing-Wo, 
M.E.I.C.,  10  Davis  Place,  Regina,  Sask. 

SASKATCHEWAN  BRANCH 
SECTIONS 

REGINA 

Chairman,  R.  H.  Cook,  M.E.I.C.,  2826  As- 
siniboine  Avenue,  Regina,  Sask. 

Secretary-Treasurer,  R.  J.  Briggs,  M.E.I.C., 
2905  Wascana  Street,  Regina,  Sask. 

MOOSE  JAW 

Chairman,  Fit.  Ltd.  Vern  McKinnon,  942- 
1st  St.  N.E.,  Moose  Jaw,  Saskatchewan. 

Secretary-Treasurer,  Gordon  Skorobohach, 
1194  Currie  Cresc.,  Moose  Jaw,  Sask. 

PRINCE  ALBERT 

Chairman,  Gary  E.  Baldwin,  M.E.I.C.,  De- 
partment of  Highways,  North  Battleford, 
Sask. 

Secretary-Treasurer,  John  L.  M.  Scott, 
M.E.I.C.,  Box  1298,  Department  of  High- 
ways, Prince  Albert,  Sask. 

ESTEVAN 

Chairman,  G.  R.  Ursenbach,  M.E.I.C.,  P.O. 
Box  136,  Estevan,  Sask. 

Secretary-Treasurer,  G.  H.  Funke,  A.M.- 
E.I.C.,  P.O.  Box  Box  446,  Estevan,  Sask. 

SASKATOON 

Chairman,  F.  W.  Catterall,  M.E.I.C.,  518- 
6th  Street,  Saskatoon,  Sask. 

Secretary,  F.  W.  Fossey,  M.E.I.C.,  c/o 
Douglas,  Michalenko  & Dupuis,  Saska- 
toon, Sask. 

YORKTON 

Chairman,  R.  G.  Brown,  M.E.I.C.,  Box 
579,  Yorkton,  Sask. 

Secrelary-Treasurer,  C.  L.  Slegee,  M.E.I.C., 
83  Elizabeth  Avenue,  Yorkton,  Sask. 

SAULT  STE.  MARIE 

Chairman,  K.  I.  Fletcher,  M.E.I.C.,  41 

McCrea  Street,  Sault  Ste.  Marie,  Ont. 

Secretary-Treasurer,  M.  R.  Wright,  A.M.- 
E.I.C.,  14  Queen  Street  E.,  Suite  4, 
Sault  Ste.  Marie,  Ont. 

SUDBURY 

Chairman,  J.  N.  Raftis,  M.E.I.C.,  Canadian 
General  Electric  Co.,  P.O.  Box  97,  Sud- 
bury, Ont. 

Secretary-Treasurer,  H.  S.  Judges,  A.M.E.- 
I.C.,  Box  769,  Copper  Cliff,  Ont. 

TORONTO 

Chairman,  D.  R.  Abbey,  M.E.I.C.,  8 Briar- 
field  Road,  Don  Mills,  Ont. 

Secretary-Treasurer,  E.  S.  Bell,  M.E.I.C., 
6 Lakeland  Crescent,  Scarborough,  Ont. 

VANCOUVER 

Chairman,  D.  Bakewell,  M.E.I.C.,  1398- 

20th  Street,  Hollyburn,  B.C. 

Secretary,  T.  Covello,  M.E.I.C.,  1161  Mel- 
ville Street,  Vancouver  5,  B.C. 


VANCOUVER  ISLAND 

Chairman,  A.  R.  D.  Robertson,  M.E.I.C., 
3161  Service  Street,  Victoria,  B.C. 
Secrelary-Treasurer,  W.  Strok,  640  Queens 
Avenue,  Victoria,  B.C. 

WHITBY 

Chairman,  To  be  appointed. 
Secretary-Treasurer,  Roy  G.  Beckman, 
M.E.I.C.,  205  Bowman  Avenue,  P.O.  Box 
481,  Whitby,  Ont. 


WINNIPEG 

Chairman,  R.  E.  Chant,  M.E.I.C.,  Dept,  of 
Mechanical  Engineering,  University  of 
Manitoba,  Fort  Garry,  Man. 
Secrelary-Treasurer,  W.  N.  Isberg,  M.E.- 
I.C.,  20  Willowridge  Drive,  Winnipeg  12, 
Man. 


WINNIPEG  BRANCH 

SECTION 

BRANDON 

Acting  Secretary,  J.  E.  Harrison,  Metals 
Industries  Limited,  Box  522,  Brandon, 
Manitoba. 

YUKON 

Chairman,  J.  E.  Kellett,  M.E.I.C.,  P.O.  Box 
2560,  Whitehorse,  Yukon. 

Secretary,  D.  A.  Whiffin,  A.M.E.I.C., 
Northwest  Highway  Maintenance  Est., 
Camp  Takhini,  Whitehorse,  Yukon. 

ONTARIO  DIVISION 

Chairman,  Dean  H.  G.  Conn,  M.E.I.C,, 
Queen’s  University,  Kingston,  Ont. 

Secretary,  A.  C.  Davidson,  106  Bideford 
Street,  Downsview,  Ont. 




W&T  1 COMPOUND-LOOP  CONTROL 


By  residual  analysis  and  information  feedback,  Wallace  & Tiernan 
Compound-loop  Control  adjusts  chlorinator  feed  rates  to  changing  water 
flows  and  chlorine  demands.  You  can  add  W&T  Remote  Residual  Re- 
cording and  Controlling  Components  throughout  your  water  system  and 
centralize  control  at  any  desired  location.  You  select  the  desired  residual 
on  a central  panel  and  the  Compound-loop  System  maintains  that  residual 
faithfully. 

Remote  recording  by  W&T  gives  you  duplicate  residual  records  and 
minute-to-minute  information  where  it  helps  guide  operation.  Remote 
controlling  by  W&T  lets  you  adjust  a chlorinator  miles  away.  And  W&T 
Remote  Components  adapt  to  almost  any  system,  any  type  of  control. 

With  remote  residual  recording  and  controlling  by  Wallace 
& Tiernan  you  centralize  control . . . save  time  and  operating  ex- 
pense... extend  the  advantages  of  the  Compound-loop  method. 

For  more  information,  write  Dept.  S-142.35 


WALLACE  Sl  TIERIMAIM  LIMITED 

HEAD  OFFICE  & FACTORY:  925  WARDEN  AVENUE,  SCARBOROUGH,  ONTARIO 
MONTREAL  • HALIFAX  • WINNIPEG  • VANCOUVER 
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NEWLY  ELECTED  OFEICERS 
OF  THE  INSTITUTE 

During  the  Annual  Meeting  eight  new 
Vice-Presidents  and  numerous  Council- 
lors assumed  office  to  serve  with  others 
whose  term  of  office  continues.  Follow- 
ing are  short  biographies  of  some  of 
the  new  councillors.  Additional  bio- 
graphies of  the  Vice  Presidents  and 
Councillors  will  appear  in  later  issues 
of  the  Engineering  Journal. 


Herbert  A.  Marshall,  m.e.i.c.,  Councillor 
for  Halifax,  is  Senior  Sales  Co-ordinator 
for  Imperial  Oil  Limited.  Mr.  Marshall 
received  his  B.Sc.  from  Dalhousie  in 
1941,  and  a B.Eng.  from  the  Nova  Scotia 
Technical  College  in  1943.  He  has  been 
a member  of  the  In.stitute  since  1946. 
In  1953,  he  was  Chairman  of  the  Cape 
Breton  Branch;  in  1954  Councillor  of 
the  Branch,  and  in  1960,  Chairman  of 
the  Halifax  Branch.  He  is  Vice  President 
of  the  A.P.E.N.S.,  an  Executive  member 
of  the  Mining  Society  of  Nova  Scotia, 
and  President  of  its  Nova  Scotia  Branch. 


H.  A.  Marshall,  M.  Benoit, 


M.E.I.C.  M.E.I.C. 


Marc  Benoit,  m.e.i.c.,  re-elected  Montreal 
Councillor,  is  a partner  in  the  firm  of 
Asselin,  Benoit,  Boucher,  Duchamie  & 
Lapointe,  Con.sulting  Engineers.  Mr. 
Benoit  graduated  from  Ecole  Polytech- 
niciue  in  1944  with  a B.A.Sc.  degree.  He 
became  a member  of  the  Institute  in  1944. 
Mr.  Benoit  was  Chainnan  of  the  Mont- 
real Branch’s  Publicity  Committee  during 
1956-57.  He  is  a member  of  the  Hydro 
Technical  Division  of  the  Committee  on 
Technical  Operations.  Mr.  Benoit  is  a 
member  of  various  committees  in  the 
C.P.E.Q.,  a memlier  of  the  A.C.I.  and 
the  Montreal  Cliamber  of  Commerce. 


William  L.  Hutchison,  m.e.i.c..  Vice 
President  of  Moffats  Limited,  Weston, 
Ont.,  has  become  Councillor  for  Toronto. 
Mr.  Hutchison,  who  received  his  B.Eng. 
from  McGill  in  1934,  became  a member 
of  the  Institute  in  1943.  He  has  since 
been  Chairman  of  the  Hamilton  Branch, 
1952,  and  Chairman  of  the  Toronto 
Branch,  1961.  He  was  Chainnan  of  the 
Management  Division,  Committee  on 
Technical  Operations.  Mr.  Hutchison  is 
a member  of  the  Dollar  Sterling  Trade 
Council,  the  Canadian  Manufacturing 
Association,  and  is  Vice  President  of  the 
Humber  Valley  Homeowners  Associa- 
tion. 


G.  B.  Williams, 
m.e.i.c. 


P.  A.  Dupuis, 

M.E.I.C. 


G.  B.  Williams,  m.e.i.c..  Councillor  for 
Ottawa,  is  Assistant  Deputy  Minister  in 
the  Department  of  Public  Works.  Mr. 
Williams,  who  received  his  B.Sc.  in 
1935,  became  a member  of  the  Institute 
in  1945.  Since  then,  he  has  been  Chair- 
man of  the  Winnipeg  Branch,  1953-54 
and  the  Ottawa  Branch,  1961-62.  Mr. 
Williams  is  Chairman  of  the  Technical 
Advisory  Committee  in  the  Canadian 
Good  Roads  Association,  and  Past  Presi- 
dent of  the  Manitoba  Association  of 
Professional  Engineers. 

Philipe  A.  Dupuis,  m.e.i.c..  Vice  Presi- 
dent of  Metro  Industries  Co.  Ltd.,  has 
been  elected  Councillor  for  Quebec  City. 
Mr.  Dupuis,  a Civil  Engineer,  graduated 
in  1921.  During  1947,  he  was  President 
of  the  Quebec  Branch,  and  in  1952, 
President  Général  of  the  Association  des 
Diplômés  de  Polytechnique.  He  was 
Honorary  Secretary  of  the  C.P.E.Q.  in 
1952.  He  was  decorated  with  l’Ordre  du 
Mérite  by  the  students  of  Ecole  Poly- 
technique in  1952. 

Wesley  M.  Steeves,  m.e.i.c.,  elected 
Councillor  for  Moncton,  is  Moncton’s 
City  Engineer.  Mr.  Steeves,  who  gradu- 
ated from  the  University  of  New  Bruns- 
wick with  a B.Sc.  in  Civil  Engineering 
in  1948,  was  a student  member  of  the 
Institute  two  years  earlier,  and  became 
a full  member  in  1955.  Mr.  Steeves  was 
Vice  Chairman  of  the  Moncton  Branch 
in  1958-59,  and  Chairman  in  1959-60. 
He  is  a member  of  tire  Nominating 
Committee.  Active  in  community  affairs, 
Mr.  Steeves  is  on  the  executive  of  several 
local  organizations. 


W.  A.  Wheten,  W.  M.  Steeves, 

M.E.I.C.  M.E.I.C. 

Waldo  A.  Wheten,  m.e.i.c.,  City  Engi- 
neer and  Manager  of  Waterworks,  is 
Councillor  for  Hamilton.  Mr.  Wheten 
received  a B.Sc.  from  the  University  of 
Saskatchewan  in  1938.  He  was  Chairman 
of  the  Plamilton  Branch  in  1955.  Mr. 
Wheten’s  other  activities  include  mem- 
bership in  the  Hamilton  Rotary  Club, 
and  the  Hamilton  and  District  Officers 
Institute. 


Robert  D.  Hall,  m.e.i.c..  Councillor  for 
Lethbridge,  is  Utility  Director  for  that 
city.  Mr.  Hall  graduated  with  a B.Sc. 
in  Electrical  Engineering  from  the  Uni- 
versity of  Alberta  in  1948.  He  was  a 
student  member  of  the  Institute  in 
1947,  a junior  member  in  1949,  and  be- 
came a full  member  in  1959.  He  was 
secretary-treasurer  of  the  Lethbridge 
Branch  from  1952-1958,  and  was  Chair- 
man in  1959.  Active  in  local  affairs, 
Mr.  Hall  is  a member  of  the  Henderson 
Lake  Golf  Club,  and  the  Lethbridge 
Curling  Club.  He  is  a member  of  the 
Board  of  Stewards  at  Southminister 
United  Church.  He  was  a member  of 
Council  in  the  A.P.E.A.  during  1958- 
1960. 


John  F.  Runge,  m.e.i.c.,  elected  Coun-  il 
cillor  for  Kitchener,  is  Manager,  Build-  1 
ing  Sales  at  Armco  Drainage  & Metal  || 
Products  of  Canada  Ltd.  Mr.  Runge  has  I 
served  successively  as  Secretary,  and  3 
Chairman  of  the  Kitchener  Branch.  ; 
Other  activities  include  membership  in  t 
the  Guelph  Lions  Club.  | 


J.  H.  Swerdfeger,  J.  F.  Runge, 

M.E.I.C.  M.E.I.C. 


John  H.  Swerdfeger,  m.e.i.c..  Councillor  | i 
for  Vancouver,  is  a partner  in  the  firm  'i 
of  McCarter,  Nairne  & Partners,  Archi-  ii 
tects  and  Consulting  Engineers.  Mr.  Il 
Swerdfeger  received  a B.A.Sc.  from  the  ? 
University  of  British  Columbia  in  1944.  Î 
He  had  been  a student  member  of  the  'i 
Institute  since  1941,  and  became  a 1 
full  member  in  1949.  Since  becoming  a i 
member,  Mr.  Swerdfeger  has  been  Chair-  ij 
man  of  the  Technical  Sections  at  the  i' 
Branch,  Vice  Chairman  of  the  Branch,  j 

1959- 60;  and  Chairman  of  the  Branch  I 

1960- 61.  Mr.  Swerdfeger  is  past  Chair-  | 

man  of  the  Civil  Board  of  Examiners,  ji 
in  the  A.P.E.B.C.  | 


Roy  E.  Ludwig,  m.e.i.c..  Councillor  for  I 
the  Saskatchewan  Branch,  is  an  Associ-  j 
ate  Professor  at  the  University  of  Sas-  j: 
katchewan.  Mr.  Ludwig  graduated  from  ] 
the  University  of  Manitoba  with  a B.Sc.  i 
in  1946,  and  from  the  University  of  fi 
Illinois  with  a M.Sc.  in  1950.  He  became  ; 
a junior  member  of  the  Institute  in  I' 
1948,  and  a full  Member  in  1950.  From  ii 
1959  to  1961,  he  was  a member  of  tlie 
executive  committee  of  the  Saskatche-  ||:i 
wan  Branch.  f 
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jwilliain  M.  Hogg,  m.e.i.c.,  Councillor 
Ifor  Sault  Ste.  Marie,  is  President  of  the 
ji Great  Lakes  PoNver  Coinpanj-,  Limited. 
i'Mr.  Hogg  graduated  from  the  Ptniversity 
of  Toronto  with  a B.A.Se.  in  1939.  He 
became  a member  of  the  Institute  in 
1943.  Mr.  Hogg  was  a member  of  the 
Braneh  E.xeeutive  Committee  in  1957, 
and  the  Braneh  Membership  Commit- 
tee from  1957  to  1959.  He  is  Viee 
President  of  the  loeal  Chamber  of  Com- 
nieree;  Cliairman  of  the  Board  at  the 
Algoma  College  Assoeiation;  a Trustee 
in  the  Welfare  Federation,  and  a Past 
Chairman  of  the  United  Appeal. 


W.  M.  Hogg,  R.  J.  Kane, 


I M.E.I.C.  M.E.I.C. 

! Redmond  J.  Kane,  m.e.i.c..  Councillor 
I for  Montreal,  is  a partner  in  the  firm 
I of  Melamed,  Kaiser  & Kane,  Con.sult- 
i ing  Engineers.  Mr.  Kane,  who  received 
a B.  Eng.  degree  from  McGill  University 
i in  1941,  has  held  the  offices  of  Pro- 
; gram  Committee  Chairman,  Admissions 
Chairman,  Membership  Chairman  with 
the  Montreal  Branch.  He  is  a member 
of  the  Institute’s  Membership  Commit- 
tee. Mr.  Kane’s  other  activities  include 
the  Professional  Training  Division  of  the. 


C.P.E.Q.,  and  participation  in  various 
eharitat)le  organizations. 

Frederick  L.  Perry,  m.e.i.c..  Councillor 
for  Calgary,  is  Technical  Superintendent 
of  the  Imperial  Oil  Limited.  He  received 
a B.Se.  in  Chemical  Engineering  from 
Queen’s  University  in  1942.  He  became 
a member  of  the  Institute  in  1943.  Mr. 
Perry  has  held  the  following  Branch 
offices:  Technical  Program  Chairman, 
1956-57;  Professional  Development 
Committee,  1957-58;  Branch  Chairman, 
1958-59.  He  was  a member  of  the 
Meeting  Arrangement  Committee  at  the 
71st  Annual  Meeting  at  Banff  in  1957 
and  a Striking  Committee  Member  in 
1959.  Mr.  Perry  is  Secretary  of  the 
local  Home  and  School  Association  and 
his  interests  include  the  Boy  Scout  As- 
sociation and  the  Canadian  Youth  Hos- 
tels Association. 

Adam  Sandilands,  m.e.i.c..  Councillor  for 
Edmonton,  is  Manager,  Alberta  Region, 
for  Phillips  Electrical  Co.  Ltd.  Mr. 
Sandilands  graduated  from  the  Uni- 
versity of  Manitoba  in  19.34  and  re- 
ceived a B.Se.  degree  in  Electrical  En- 
gineering. He  was  a student  member  of 
the  In.stitute  in  1931,  a junior  member 
in  1938,  and  became  a full  member 
in  1940.  Mr.  Sandilands  is  immediate 
Past  Chairman  of  the  Edmonton 
Branch,  is  Vice  Chairman  of  the 
Branch,  and  is  Chairman  of  the  Pro- 
gram Committee.  His  other  activities 
include  membership  in  the  Rotary  Club 
of  Edmonton,  the  Edmonton  Chamber 
of  Commerce  and  the  Edmonton  Elec- 
tric Club. 


Leonard  A.  Bateman,  m.e.i.c.,  elected 
Coimeillor  for  Winnipeg,  is  Director  of 
Production  at  Manitoba  Hydro,  Mr. 
Bateman  became  a member  of  the  In- 
stitute in  1948.  He  graduated  in  1942 
with  a B.Se.  degree,  and  obtained  a 
M.Sc.  in  1948.  Pie  has  served  as  Chair- 
man of  the  Electrical  Section,  Winnipeg 
Braneh;  as  Chairmen  of  the  Braneh;  and 
in  1958,  as  President  of  the  Manitoba 
As.sociation  of  Professional  Engineers. 


Harri,son  A.  Mullins,  m.e.i.c.,  Super- 
vising Construction  Engineer  of  DuPont 
Canada  Ltd.,  has  become  Councillor  for 
the  Montreal  Branch.  Mr.  Mullins  who 
received  his  B.Se.  in  Electrical  Engi- 
neering from  the  University  of  Manitoba 
in  1937,  was  on  the  executive  commit- 
tee of  the  Montreal  Branch  during  the 
late  1940’s  and  early  1950’s.  He  was 
Vice  Chairman  of  the  Montreal  Branch 
in  1960,  and  Chairman  in  1961.  Mr. 
Mullins  was  Chairman  of  the  Institute’s 
Publications  Committee  from  1955  to 
1957.  He  was  a Councillor,  Montreal 
Branch  from  1955  to  1957.  |îï 


H.  A.  Mullins, 

M.E.I.C. 


L.  A.  Bateman, 
m.e.i.c. 


16th  ANNUAL 

SOIL  MECHANICS  CONFERENCE 
EDMONTON 

SEPTEMBER  12  & 13,  1962 

WEDNESDAY,  SEPTEMBER  12 

Morning  Technical  Conference  Theme:  “Volume  Change  Characteristics  of  Highly  Plastic  Soils” 

Afternoon  Technical  Conference  Theme:  “Physico-Chemical  Aspects  of  Soils” 

THURSDAY,  SEPTEMBER  13 

Combined  Meeting  of  Soil  Mechanics  and  Zone  “A”  Technical  Meeting 

Technical  Conference  Theme:  “Recent  Developments  of  Energy  Resources  in  Western  Canada” 

FRIDAY,  SEPTEMBER  14 
Zone  “A”  Technical  Meeting 

Teclinical  Conference  Theme:  “Recent  Developments  of  Energy  Resources  in  Western  Canada” 

Canadian  Chemical  Engineering  Conference 
Sarnia,  Ontario  — October  22-24,  1962 

spoN.soREi)  by:  The  Chemical  Engineering  Division  of  the  Chemical  Institute  of  Canada  and  I he  Chemical  Engineering 
Division  of  ihe  Committee  on  'rechnieal  Operalions  of  the  Engineering  Institute  of  Canada. 

I'ECil NlCM.  sessions:  .Symposia  on  Heal  I’ransfcr,  Mass  Transfer,  Training  Methods  for  Chemical  Plant  operators.  P(dln- 
lion.  (diemieal  plant  maintenance  and  chemical  reactions  in  addilion  to  a number  of  general  sessions. 

IT. ANT  tours:  Canada’s  “Cbemieal  Valley",  a vasi  complex  ol  pelrolenm  refineries  and  (diemieal  mannfaeinring  idanls. 
CHEST  speakers:  l)r.  E.  A.  I’orward 
R.  E.  M(  Bnrney 
.lamii'  Newidl 
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WHAT  IS  THE  EIC?  CE  QU’EST  LTCI? 

AN  OVER-ALL  VIEW  UNE  VUE  D’ENSEMBLE 


If  unexpectedly  asked  the  question:  What  is 
the  EIC?,  it  is  probable  that  many  members  of  EIC 
would  be  somewhat  taken  back  and  would  have  to 
stop  and  reflect  a few  minutes.  This  is  perfectly 
logical  because  the  EIC  is  the  over-all  image  of  all 
its  constituents.  What  are  its  constituents?  Well,  in 
tlie  first  place  these  are  our  members.  Collectively 
they  are  the  Institute.  Hence,  the  collective  view 
tlie  Canadian  public  has  of  our  members  creates  in 
tlie  minds  of  the  public  the  over-all  image  of  EIC. 
If  our  members  are  passive  and  fake  but  little  part 
ill  community  life  or  in  the  voluntary,  professional, 
technical  and  learned  society  of  their  profession  in 
order  to  better  serve  the  public,  our  public  will  not 
have  a very  impressive  or  clear  view  of  EIC.  On  the 
other  hand,  if  the  members  are  active  in  the  Institute 
and  in  the  commimity,  contribute  of  their  time  and 
effort,  there  is  little  doubt  that  the  community  will 
recognize  the  Institute  as  a vital  force  in  Canadian 
life.  Let  me  empha.size  it  once  again:  “The  image” 
of  the  Institute  is  compounded  of  the  active  par- 
ticipation of  each  one  of  its  members. 

A recent  issue  of  the  Royal  Bank  of  Canada 
Monthly  Letter  on  the  .subject  of  Corporate  Images 
and  Emblems  said  “This  image  is  not  a sort  of  brood- 
ing Buddha,  but  something  very  full  of  life,  pulsating 
with  the  vigor  of  achievement  and  dynamic  with 
growth”.  This  observation  is  just  as  significant  for  the 
EIC  as  for  any  industrial  corporation,  bank  or  other 
collective  form  of  economic  activity. 

So  that  members  can  effectively  participate  in 
that  interchange  and  dissemination  of  professional 
knowledge  and  experience  which  is  so  important  in 
the  development  of  engineers  as  professional  men, 
tlie  Institute  is  organized  with  branches  and  student 
sections.  These  vital  elements  of  EIC  organization 
contribute  to  the  image  of  the  Institute  in  a very 
substantial  manner  because  the  Institute  is  but  a 
reflection  of  some  62  Branches  and  12  Student  Sec- 
tions. If  Branches  and  Student  Sections  are  well 
organized  to  provide  a continuing  sense  of  profes- 
sional coherence  in  the  disseminafion  of  informafion 
and  experience,  to  an  informed  and  enthusiastic 
Branch  membership,  it  is  virtually  certain  that  the 
image  of  that  Branch  will  be  far  brighter  than  if 
it  proceeds  on  a “lai.ssez  faire”  ba.sis.  The  same  holds 
for  Student  Sections.  This  means  that  both  Branches 
and  Student  Sections  have  a vital  role  to  play  in 
ensuring  tliat  the  public  recognizes  not  only  the  role 
but  tlie  contribution  of  the  profession  through  its 
voluntary,  technical,  professional  and  learned  society 
organization.  The  Engineering  Institute  of  Canada. 

The  actions  of  many  other  units  and  personnel 
of  EIC  contribute  materially  to  die  image  of  the 
Institute.  Councillors  and  other  officers  do  contribute 
markedly  when  they  are  vital  and  enthusiastic  mem- 
bers, enthusiastic  and  constructive  in  their  views  on 
the  contribution  which  EIC  is  making  to  Canadian 
life.  This  is  more  important  than  ever  with  the  grow- 
ing complexity  of  modern  economic  life. 

I hope  I can  count  on  each  one  of  you  to  play 
your  role  not  only  endiusiastically  but  with  a vision 
of  a stronger  and  more  effective  EIC. 


F.  L.  Lawton,  President. 


Si  on  demandait  à l’improviste  ce  qu’est  l’ICI, 
il  est  probable  que  plusieurs  membres  de  l’ICI 
seraient  pour  le  moins  déconcertés,  auraient  à s’ar- 
rêter un  moment  et  réfléchir  sur  la  quesdon.  Ceci  est 
compréhensif,  en  ce  sens  que,  TICI  est  une  image 
superposée  de  divers  constituents.  Quels  sont  ses 
constituents?  Voici,  en  premier  lieu,  ce  sont  nos 
membres.  Collectivement,  ils  sont  l’Institut.  Ainsi,  la 
vue  d’ensemble  qu’a  le  public  canadien  de  nos 
membres,  crée  dans  l’esprit  de  ce  pubffc,  l’image 
même  de  TICI.  Si  nos  membres  sont  passifs,  s’ils  ne 
prennent  peu  ou  aucune  part  à la  vie  communautaire, 
ou  bien  dans  les  activités  de  la  Société  qui  est  volon- 
taire, professionnelle,  technique  et  savante  qu’est 
TICI,  afin  de  pouvoir  mieux  servir  le  public,  alors,  la 
iropulation  aurait  ime  impression  bien  peu  précise  de 
TICI.  D’autre  parts,  si  les  membres  sont  actifs  au  sein 
de  l’Institut  et  dans  la  coimnunauté,  s’ils  contribuent 
de  leur  temps  et  de  leurs  efforts,  il  y aura  peu  de 
doute  que  le  public  reconnaîtra  l’Institut  comme  une 
force  vitale  à l’économie  de  la  vie  canadienne. 
Pennettez-moi  de  le  souligner  encore  une  fois  “l’image 
de  votre  Institut  est  en  fonction  de  l’active  participa- 
tion de  tous  ses  membres”. 

Dans  un  journal  mensuel  récent— “Lettie  men- 
suelle de  la  Banque  Royale  du  Canada”,  il  est  dit  sur 
le  sujet  des  Images  Corporatives  et  des  Symboles: 
“Cette  image  n’est  pas  un  genre  de  Buddha  rêveur, 
mais  bien  quelque  chose  pleine  de  vie,  vibrante  à 
la  cadence  de  la  vigueur  de  ses  réaffsations  et  dy- 
namique dans  sa  croissance.  Cette  observation  est 
autant  significative  pour  TICI,  que  pour  n’importe 
quelle  corporation  industrielle,  banque  ou  autres 
fonnes  d’activités  collectives  économiques. 

Afin  que  les  membres  puissent  participer  ef- 
fectivement à l’échange  et  à la  diffusion  des  connais- 
sances et  expériences  de  la  profession,  ce  qui  est  une 
partie  importante  au  développement  de  l’Ingénieur 
comme  homme  professionnel,  l’Institut  est  organisé  de 
Branches  et  de  Sections  d’Etudiants.  Ces  éléments 
vitaux  de  l’organisation  de  TICI  contribuent  fortement 
à l’image  que  Ton  se  fait  de  l’Institut,  parce  que 
l’Institut  e.st  seulement  le  reflect  de  quelques  60 
Branches  et  de  12  Sections  d’Etudiants.  Si  ces 
Branches  sont  bien  aménagées,  de  façon  à procurer 
une  cohérence  d’informations  et  d’expériences  jiro- 
fessionnelles  des  membres  ethousiastes  et  bien  in- 
formés de  la  Branche,  alors,  il  est  virtuellement  certain 
que  l’image  de  la  Branche  sera  beaucoup  plus  ex- 
pressive que  si  elle  procède  sur  une  base  de  non- 
chalance. La  même  condition  existe  pour  les  Sections 
des  Etudiants.  Ceci  veut  prouver  que  les  Branches  et 
les  Sections  ont  un  rôle  prépondérant  à jouer  dans  la 
société,  afin  de  s’assurer  que  le  grand  public  recon- 
naîtra non  seulement  le  rôle,  mais  aussi  la  contribution 
de  la  profession  par  le  moyen  de  sa  savante  société 
qui  est  volontaire,  teclmique,  professionnelle,  L’In- 
stitut Canadien  des  Ingénieurs. 

Les  actions  du  personnel  et  de  plusieurs  autres 
unités  de  TICI  contribuent  aussi,  matériellement,  à 
la  composition  de  l’image  de  l’Institut.  Les  conseillers 
et  autres  officiers  apportent  leurs  marques  à cette 
image  quand  ils  sont  des  membres  actifs  et  endiou- 
siastes;  enthousiastes  et  constructifs  aussi  dans  leurs 
actions,  concernant  la  contribution  qu’apporte  TICI  à 
la  vie  canadienne.  Ceci  est  plus  important  que  jamais 
devant  la  complexité  progressive  actuelle,  et  moderne, 
de  notre  vie  économique. 
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I \-spÔR'  (iiK-  jc  puisse  eumxiter  sur  eliaeuii  lie 
NOUS  pour  jouer  sou  role  allègieiueiit,  uou  seuleuieut 
avee  clN  uaiuinsiue  mais  aussi  avec  vigueur  afiu  de  faire 
de  riCl  une  organisation  plus  forte  et  eneore  plus 
elfieaee. 


F.  L.  Lawton,  Président. 


16th  Annual 


CANADIAN 
SOIL  MECHANICS 
CONFERENCE 
EDMONTON,  ALTA. 


September  12-13,  1962 


depend  on 

DART 


UNION  COMPANY  OF 


CANAO 


Two  ^ 

Bronze  Seats 
Ground  to  a 
True  Ball  Joint 


VAPOR! 

WITH  THE 

MODULATIC  HI-R-TEMP 


LIQUID  PHASE 

HEATER 


Ever  see  a pressure-less  heat  transfer  system? 
There  is  no  heavy  wall  piping,  no  thick  fittings, 
no  weighty  valves. 

Sludge,  scale,  coking,  hot-spots,  corrosion  and 
freeze-ups  are  gone. 

The  familiar  water  system  has  disappeared.  So 
has  maintenance  expense,  down  time,  water 
treatment  costs,  and  regular  overhauls. 

Not  much  is  left.  Unless  you  consider  automatic 
temperatures  to  600°;  four  safety  controls;  unit- 
ized skid  construction;  a rotary  gear  pump  for 
uniform  circulation;  forced  draft  combustion,  self- 
modulation and  parts  continuously  bathed  in  oil. 
Of  course  there’s  the  choice  of  gas  or  oil  fuel. 
Why  not  take  a long,  hard  look  at  the  Hi-R-Temp? 


Send  now  for  free  literature. 

*Trade  Marks  Registered 


VAPOR  HEATING 

LIMITED 


3955  COURTRAI  AVE. 


MONTREAL,  QUE. 
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Frank  E.  Miller,  jsi.e.i.c.  (Toronto  ’42) 
lias  been  appointed  vice-president  and 
general  manager  of  tlie  Pressure  Pipe 
Division  at  Canada  Iron  Foundries, 
Limited. 

A.  F.  Seraphim,  m.e.i.c.  (U.B.C.  ’45) 
has  been  appointed  Vice-President  and 
Construction  Manager  of  the  Manni.x 
Company  Ltd.  Mr.  Serapliim  has  been 
associated  with  the  company  since  1960. 
Prior  to  that,  he  had  been  associated 
with  Northern  Construction  Comiiany 
and  J.  W.  Stewart  Ltd.,  of  Vancouver, 
serving  as  job  engineer,  project  manager, 
division  manager  and  assistant  to  the 
president.  He  was  elected  to  tlie  com- 
pany’s board  of  directors  in  1959.  Mr. 
Seraphim,  has  been  involved  in  many 
of  tlie  largest  construction  projects  in 
Canada,  including  the  D.E.W.  Line,  St. 
Lawrence  Seaway,  and  Ripple  Rock 
Project. 

Stan  W.  Pappius,  m.e.i.c.  (Royal  Naval 
Engrg.  Coll.  England  ’45)  has  been  ap- 
iwinted  Manager  of  die  Platework  Divi- 
sion at  the  Montreal  Branch  of  Dominion 
Bridge  Company.  Mr.  Pappius  lias  been 
sales  manager  of  die  company’s  Mecha- 
nical Division.  Before  joining  die  com- 
pany two  years  ago,  lie  gained  wide  ex- 
perience in  engineering  and  sales  work 
in  Canada  over  a period  of  11  years, 
particularly  in  the  fields  of  power  utili- 
ties. 

E.  W.  Dill,  M.E.I.C.  (Toronto  ’28)  has 
been  appointed  manager,  public  rela- 
tions at  Polymer  Coqioration.  Mr.  Dill 
came  to  Sarnia  in  1942  as  design  en- 
gineer with  a large  consulting  firm.  He 
was  involved  in  the  construction  ' of 
Polymer’s  steam  and  power  plant.  When 
the  plant  went  into  operation,  he  joined 
the  company  as  its  first  superintendent 
and  was  later  transferred  to  the  em- 
ployee relations  division. 

G.  N.  Farantatos,  m.e.i.c.  (McGill  ’52, 
Toronto  ’5.3)  has  been  aiipointed 
Manager  of  the  Civil  Engineering  Branch 
of  Ciffels  & Vallet  of  Canada,  Ltd., 


Consulting  Engineers  with  offices  in 
Toronto,  Windsor,  Ottawa  and  Sarnia. 
Mr.  Farantatos  has  been  re,sponsible  for 
work  in  this  field  since  1956. 

Fred  H.  Knelinaii,  m.e.i.c.  (Tor.  ’43, 
McGill  ’50)  has  been  appointed  technical 
director  of  Stuart  Brothers  Company 
Limited.  Dr.  Knehnan  joined  the  com- 
pany in  1953  in  the  research  and  de- 
velopment department.  In  his  new 
position,  he  will  be  responsible  for  pro- 
duction quality  control,  research  and 
development.  Dr.  Knehnan  was  President 
of  the  Montreal  chapter  of  the  Canadian 
Institute  of  Food  Technologists  during 
1957-58,  and  in  1961,  took  part  in  the 
Symposium  on  Education  at  the  Con- 
gress of  Chemistry  in  Montreal.  A 
member  of  the  Canadian  Institute  of 
Food  Technology  and  the  American 
Association  for  the  Advancement  of 
Science,  Dr.  Knehnan  has  acted  as  a 
consultant  to  the  Canadian  Broadcasting 
Corporation  and  the  National  Film 
Board  on  scientific  programmes  and 
documentary  films. 

L.  S.  Love,  M.E.I.C.  (McGill  ’51)  has 
been  appointed  sales  manager  of  the 
water  and  sewage  treatment  department 
of  Babcock-Wilcox  and  GoIdie-McCul- 
loch  Limited,  of  Galt,  Ont.  Mr.  Love 
has  had  10  years  experience  in  water 
and  sewage  treatment  work  and  process 
equipment  manufacturing. 

H.  G.  Welsford,  life  m.e.i.c.  has  been 
elected  a Director  of  Canadian  General 
Electric  Company  Limited.  Mr.  Wels- 
ford is  Pre.sident  of  Dominion  Bridge 
Company  Limited  and  a Director  of  a 
number  of  important  Canadian  com- 
panies. 

Dr.  Geoffrey  G.  Meyerhof,  m.e.i.c. 
(London  Univ.  ’38)  has  been  appointed 
Director  of  Graduate  Studies  in  the  new 
School  of  Graduate  Studies  of  the  Nova 
Scotia  Technical  College,  Halifax,  N.S. 
Dr.  Meyerhof  will  remain  Head  of  the 
Department  of  Civil  Engineering  of 
the  College,  which  he  joined  in  1955  as 
Professor  of  Civil  Engineering. 


Lindley  Shector,  m.e.i.c.  (McGill  ’37), 
and  Jean  Forte,  m.e.i.c.  (Ecole  Poly.  ’51) 
have  formed  the  firm  of  Shector  and 
Forte,  Consulting  Engineers.  They  will 
specialize  in  foundation  and  structural 
design  and  supervision  in  the  com-  I 
mercial,  institutional  and  industrial  fields,  |l 
where  both  have  had  wide  experience.  M 
For  the  past  sixteen  years,  Mr.  Shector  I 
was  structural  consultant  to  and  as.sociate  I 
of  the  firm  of  Barott,  Marshall  & Mer-  9 
rett.  Architects,  participating  in  the  de- 
sign of,  and  completely  in  charge  of  the 
structural  work  on  such  buildings  as  the 
Royal  Victoria  Hospital  e.xtensions.  Bell 
Telephone  Toll  Building,  new  Head  Of- 
fice for  the  Bank  of  Montreal  and  the 
Montreal  Star  Building. 

John  W.  Korez,  m.e.i.c.  (McGill  ’47) 
has  been  appointed  Plant  Manager  of 
Reynolds  Aluminum  Company  Ltd.,  at 
Cap  de  la  Madeleine,  Que.  Mr.  Korez 
joined  the  company  in  1947  and  has 
held  various  engineering  positions  in-  | 
chiding  that  of  Chief  Engineer,  the  posi- 
tion he  held  prior  to  his  recent  appoint- 
ment. 

Douglas  R.  J.  Kay,  m.e.i.c.  (A.M.I.  Mech. 
Eng.  ’56)  has  been  appointed  Montreal 
District  Sales  Manager  for  Provincial 
Engineering  Ltd.,  Niagara  Falls.  Mr. 
Kay  will  be  responsible  for  erane  and 
hoist  sales  in  the  Quebec  and  Maritime 
areas. 

George  Flavell,  m.e.i.c.  (Man.  ’48),  has 
been  appointed  Calgary  branch  ap- 
paratus sales  manager  for  the  Canadian 
Westinghouse  Company  Limited.  Mr. 
Flavell  joined  Westinghouse  in  1948  and 
has  been  a sales  engineer  at  Winnipeg 
for  the  past  ten  years.  Mr.  Flavell  was 
Chairman  of  the  Engineering  Institute  of 
Canada’s  Electrical  Section  in  1939  and 
is  a member  of  the  Institute’s  Council. 

D.  B.  Smith,  m.e.i.c.  (Univ.  Alta.  ’54) 
has  assumed  the  position  of  Alberta 
Branch  Manager  of  Aitoco  Drainage  and 
Metal  Products  of  Canada  Ltd.  Mr. 
Smith  was  previously  Alberta  Sales 
Manager.  êTç 
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NEED  WE  SAY  MORE? 


IN  1888  THE  FOLLOWING  PRICES  APPLIED 

IN  MONTREAL: 


Eggs 17  cents  a dozen 

Butter 15  eents  a pound 

Cheese 9 eents  a pound 


Dining  Room  Set from  $10 

Eleven-piece  bedroom  set $30 


A three-storey,  16-room  home  in  a choiee  residential  location. 
Includes  kitchen,  dining  room,  billiard  room.  Heated  by  hot 
air  and  water  — $6,250. 


IN  1888  THE  FOLLOWING  WAS  THE  FEE 
STRUCTURE  FOR  THE  PREDECESSOR  OF 
THE  ENGINEERING  INSTITUTE  OF  CANADA: 


Resident  Member $10 

Non-resident  Member 8 

Resident  Associate  Member 8 

Non-resident  Associate  Member 6 

Assoeiate 10 

Student 2 


G.  N.  Martin,  m.e.i.c., 
Chairman,  Finance  Committee 
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steel  is  versatile 

Structural  steel  can  be  used  to  build  complex  desij 
shapes.  This  steel  frame  is  for  the  Greek  Orthod 
Holy  Trinity  Cathedral  in  Winnipeg  and  inset 
the  finished  building. 

Archilccls:  Green,  Bkinkstein,  Russell  & Associates. 


Additions  are  easy  with  steel  I 

When  this  building  was  first  constructed  two  ext. 
floors  at  a later  date  were  a possibility.  Last  ye 
they  became  a reality.  The  tops  of  the  main  suppe 
columns  of  the  original  steel  frame  had  been  k 
exposed  and  the  new  steel  was  added  quick 
and  economically. 

Architects:  Smith,  Carter,  Scarle  & Associates. 


i rj’ 

‘ 1 
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Castellated  steel  beams  reduce 
weight 

The  use  of  castellated  beams  in  the  C.N.E.  Ilor 
Furnishing  Building  in  Toronto  resulted  in  ro 
purlins  that  were  about  75%  of  the  weight  of  i 
equally  strong  rolled  beam  and  about  00%  of  t 
weight  of  an  equally  rigid  rolled  beam.  Beams  a 
castellated  by  cutting  the  web  zigzag  fashio 
offsetting  the  halves  one  notch  and  re  welding  pef 
to  peak.  Castellated  beams  can  free  the  design 
from  the  restrictions  of  excessive  deflections  wh( 
using  the  new  high  strength  steels. 

Architects:  Marani,  Morris  & Allan. 

Consulting  Structural  Engineer:  W.  Sefton  & Associates^ 

Limited. 


Steel  gives  design  freedom 


Y-shapod  with  clear  spans.  This  is  the  Saskatchewan  Power  Corporation’s  head 
office  building  in  Regina.  There  are  no  columns  in.side  the  wings  of  the  build- 
ing and  each  floor  is  a wide  open  space  43  ft.  x 270  ft.  You  can  build  this  way 
with  steel— it  simplifies  interior  partitioning  and  makes  future  changes  easy. 

Architeclft:  .loseidi  Pettick,  M.R.A.I.C. 

Consultants:  C.C.  Parker,  Whittaker  & Co.  Ltd. 


Steel  shows  some  of  its  qualities 

Lightweight  framing  keeps  foundation  costs 
down  and  the  strength  of  the  material  permits 
large  column  free  areas  for  better  rentable 
floor  space.  Later  alterations  or  additions  are 
also  easily  effected  and  more  economical  to 
undertake  when  steel  is  used. 

Dominion  Bridge  maintain  design,  fabri- 
cation and  erection  facilities  in  most  of  the 
major  cities.  Their  sales  and  engineering  de- 
partments are  always  available  for  discussion 
and  to  assist  in  any  way  they  can. 


Some  of  the  basic  qualities  of  steel  as  a 
Liilding  material  are  illustrated  in  this  round- 
p of  recent  projects  from  across  the  country, 
teel  produces  light,  flexible  structures  and 
s inherent  qualities  offer  great  scope  to  the 
aaginative  architect. 

When  evaluating  structural  framing  ma- 
îrials  it  is  worth  considering  all  the  advan- 
igcs  offered  by  steel.  Steel  goes  up  fast  to 
ive  an  early  return  on  invested  capital  and 
îduccs  interest  charges  on  construction  loans. 


Structural  Steel  Division 
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DOMINION  BRIDGE 


DOMINION  BRIDGE  COMPANY  — SIXTEEN  PLANTS  COAST-TO-COAST 


1st  NORTH  EASTERN  QUEBEC 
REGIONAE  CONFERENCE 

The  Engineering  Institute  of  Canada 

BAIE  C0MEAÜ  - AUGUST  24,  1962 

Sponsoring  Branch:  Baie  Comeaii  Far licipa Ling  Branches:  Seven  Islands, 

Port  Cartier,  Rimoiiski 

Sponsored  hy  the  Baie  Comeau  Branch  to  mark  the  75th  Anniversary  of  the  E.I.C.  and  the  25th  Anniversary  of  the 
town  of  Baie  Comeau,  the  Technical  Conference  also  aims  to  publicize  some  of  the  latest  technical  developments  and 
studies  in  the  Lower  St.  Lawrence  and  to  provide  a get-together  to  all  E.I.C.  members  in  the  area.  The  Conference 
will  be  bilingual  and  papers  presented  in  both  languages. 


THURSDAY,  AUGUST  23,  1962  “Paper  Machine  Calender  Staek”  (English) 

^ B.  I.  Howe,  A.M.E.I.C. 

1.  Advance  Kegistration-^Manoir  Comeau  “Muskeg  and  the  Iron  Ore  Railway”  (English) 

2.  Informal  Reception  ^ ^ p.m. — Cocktails,  Cold  Buffet,  Dance 

3.  8.30  p.m. — Meeting  of  Committee  on 

Branch  Operations 


FRIDAY,  AUGUST  24,  1962 

1.  8.00-9.00  a.m. — Registration 

2.  9.00-Noon — Technical  Papers 

“Unique  Wharf  Breakwater  System”  (English) 

A.  H.  C.  Carson,  M.E.I.C. 

“7-Mile  Pulpwood  Flume  Construction”  (English) 

C.  B.  Prosser,  A.M.E.I.C. 

“Electrical  Measurements  in  the  Aluminum 
Industry”  (French) 

Y.  Plunier 

3.  Noon-2.15  p.m. — Informal  Reception,  Lunch  and 

Presidential  Address 

4.  2.15-6.15  p.m. — Technical  Papers 

“Photogrammetry,  Principle  and  Applieation” 

(French) 

R.  Rinfret 

“Study  of  the  Ice  Movement  on  the  St.  Lawrence” 

(French) 

D.  Caveen,  M.E.I.C. 

{Continued  next  column) 


SATURDAY,  AUGUST  25,  1962 

1.  6.45  a.m. — Breakfast 

2.  7.30  a.m.-^Field  Meeting — Depart  for  Quebec  Hydro 

Project  5,  135  miles  north  of  Baie  Comeau  along  the 
Manicouagan  River 

3.  10.30  a.m. — Arrival  at  Project  Technical  Briefing — A. 

Rousseau,  M.E.I.C. 

4.  Noon — Informal  Reception  and  Lunch 

5.  2-5  p.m. — Visit  of  Project  Manicouagan  5 

6.  7.30  p.m. — Informal  Supper  at  the  Manoir  Comeau 


SUNDAY,  AUGUST  26,  1962 

1.  10.30  a.m. — Golf  Tournament — Open  to  all  E.I.C. 

members  and  P.Engs.  Numerous  Trophies. 

2.  2.30  p.m. — Tour  of  local  industries 


In  view  of  the  restricted  accommodation  in  Baie  Comeau,  all  reservations  will  be  handled  and  processed  by  the 
Baie  Comeau  Branch. 

When  writing  for  reservations,  please  specify  type,  dates  required,  and  preference  if  any  (Auberge  du  Roc,  Manoir 
Comeau,  Motel  le  Plateau,  le  Pavillon). 

No  reservations  aceepted  after  Monday,  August  20,  1962. 

CONFERENCE  COMMITTEE 
BOX  575 

BAIE  COMEAU,  QUEBEC. 

There  will  be  a special  program  for  the  ladies. 

It  should  be  noted  that  the  actual  Regional  Conference  will  terminate  on  Friday  night,  August  24,  and  that  the 
Field  Meeting  to  the  Manicougagan  has  been  primarily  scheduled  to  accommodate  visitors  interested  in  this  tremen- 
dous Hydro-Electric  Project.  A car  pool  will  be  available. 
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a practical 
example  of 
Co-operative 
Engineering  ' 


Project:  to  outwit  pothead  potshooters! 

Vandalism  is  a curse  we  seem  to  have  to  live  with.  And  pothead  insulators  are  a favourite  target.  The  trouble 
with  the  average  pothead  is  that  if  one  insulator  is  damaged,  the  whole  pothead  has  to  be  replaced. 

Appreciating  the  problem,  Canada  Wire  engineers  got  down  to  the  business  of  designing  a full  range 
of  potheads  with  economically  replaceable  insulators.  It  was  no  mean  task.  Potheads  contain  gas  or  oil 

under  pressure  and  therefore  need  exceptionally  fine  tooling.  Seeing  a problem  and  solving  it  is  life 
to  Canada  Wire  engineers.  If  your  company  has  an  unusual  problem  involving  power  cable  or  accessories, 
in  any  part  of  the  world,  you  will  receive  willing  and  inventive  help  from  Canada  Wire. 

CANADA  WIRE 

CANADA  WIRE  AND  CABLE  COMPANY  LIMITED 

Postal  Station  R,  Toronto  17  (Leaside),  Ontario. 
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News  of  the  Branches 


BELLEVILLE 

A.  F.  G.  Tooth,  M.E.i.c. 

Members  of  the  Branch  visited 
R.C.A.F.  Station,  Trenton  on  May  14, 
to  hear  an  address  by  Wing  Commander 
C.  H.  A.  Thompson,  Senior  Technical 
Staff  Officer  of  Air  Transport  Command 
Headquarters  on  the  operations  of 
R.C.A.F.  Air  Transport  Command. 

W/C  C.  H.  A.  Thompson  welcomed 
members  and  guests  of  the  Engineering 
Institute  of  Canada  to  Air  Transport 
Command  Briefing  Room  where  he  gave 
a very  informative  talk  on  the  general 
requirements  and  support  necessary  to 
operate  an  organization  such  as  Air 
Transport  Command.  It  was  interesting 
to  note  that  A.T.C.  operated  flights  for 
various  reasons  for  the  R.C.A.F.  as  well 
as  NATO  and  the  United  Nations  in 
practically  all  of  the  free  world  on  a 
regularly  scheduled  basis.  W/C  Thomp- 
son demonstrated  how  this  organization 
operates  efficiently  by  pointing  out  the 
support  of  other  groups  witlrin  A.T.C. 
The  Officers  in  Charge  of  the  Con- 
struction Engineering  Section,  Aero- 
nautical Engineering,  Vehicle  and  Marine 
Engineering  Sections  gave  detailed  des- 
criptions of  the  various  sections.  W/C 
Thompson  and  the  other  Officers  were 
thanked  by  A.  G.  Tooth. 

New  Branch  Officers  for  1962  elected 
at  the  April  meeting  are;  Chairman, 
W.  J.  N.  Throop;  Vice  Chairman,  A. 
F.  G.  Tooth;  Secretary-Treasurer,  E.  H. 
Gilroy. 

CAPE  BRETON 

Lloyd  Boutilier 

Major  R.  A.  Bradley  of  the  3rd  Militia 
Group,  Sydney,  N.S.,  was  the  guest 
speaker  at  the  Branch’s  April  5 meeting. 
Major  Bradley  spoke  on  the  Municipal 
Fallout  Shelter  Survey.  He  discussed 
the  effects  of  a five  megaton  nuclear 
explosion,  describing  the  blast  damage, 
thermal  radiation,  initial  radiation,  sec- 
ondary effects  and  fallout.  Maj.  Bradley 
then  presented  the  theory  of  shielding. 
He  described  barrier  shielding,  geometry 
shielding,  and  gave  the  purposes  of 
fallout  shelters. 

The  basic  requirements  for  a com- 
munity fallout  shelter  were  outlined. 
Habitability  factors,  core  concept,  space 
per  person,  heat,  light  and  cooking  faci- 
lities, water  and  sanitation  and  food 


i 

I 


requirements  were  discussed.  Maj.  Brad- 
ley said  that  the  public  must  be  made 
aware  of  the  necessity  for  early  prepara- 
tion to  ensure  some  form  of  fallout 
shelter.  Information  is  available  from  the 
Civil  Defence  Offices.  Maj.  Bradley 
recently  attended  a course  on  Civil 
Defence  at  the  Civil  Defence  College 
at  Amprior,  Ont. 

CENTRAL  BRITISH  COLUMBIA 

A.  F.  Joplin,  M.E.I.C. 

A joint  dinner  meeting  of  the  Branch 
and  the  local  APEO  was  held  May  18 
at  the  Kelowna  Golf  and  Country  Club. 
J.  W.  Nelson  introduced  the  guest 
speaker  Dr.  B.  G.  Ballard,  and  President 
of  the  Engineering  Institute  of  Canada, 
who  said  that  future  engineering  achieve- 
ments will  have  to  be  greater  to  meet 
the  ever  changing  technology.  Dr. 
Ballard  has  recently  been  reviewing  the 
work  of  engineers  from  coast  to  coast 
in  Canada.  In  the  next  ten  years,  engi- 
neers must  play  an  important  role  in 
Canada’s  advancement. 

Dr.  Ballard  said  that  energy  consump- 
tion in  Canada  is  increasing  six  per  cent 
per  year.  This  increase  will  result  in 
the  need  to  double  that  capacity  in  the 
next  12  years.  Dr.  Ballard  finds  British 
Columbia  fortunate  as  far  as  hydro 
development  is  concerned.  Throughout 
Canada  now,  work  is  being  done  in  the 
direct  conversion  of  fuel  to  electrical 
energy  in  fuel  cells.  Work  is  also  under- 
way on  the  direct  conversion  of  atomic 
energy  to  electrical  energy. 

Dr.  Ballard  predicted  tliat  television 
communications  between  the  East  and 
West  by  satellite  will  be  a major  con- 
tribution by  science  to  the  peace  of  the 
world.  This  direct  means  of  communica- 
tion will  be  established  within  the  next 
ten  years. 

M.  Elston,  of  the  Department  of  High- 
ways, thanked  Dr.  Ballard.  Branch  Chair- 
man, B.  Harvey,  introduced  all  the 
guests  including  R.  E.  Parkinson,  Mayor 
of  Kelowna.  He  reminded  the  Branch 
members  of  the  field  visit  to  the  en- 
gineering works  in  the  Rogers  Pass  area 
which  was  planned  for  June  1. 

EDMONTON 

R.  J.  Allman,  M.E.i.c. 

The  Branch  held  a meeting  April  25 
at  the  MacDonald  Hotel.  The  speaker 


was  Dr.  G.  M.  Shrum,  President  of  | 
B.C.  Electric,  who  spoke  on  Power  De-  ; 
velopments  in  British  Columbia.  | 

Dr.  Shrum  gave  a very  informative  j ■ 
and  concise  picture  of  power  develop-  i 
ment  in  the  province  and  explained  in  j 
detail  both  the  present  and  future  ' , 
power  plans  for  British  Columbia.  He  ' 
said  that  he  expects  the  Federal  Gov- 
ernment to  come  to  terms  very  shortly  i 
with  British  Columbia  on  the  develop-  ' 
ment  of  power  on  both  the  Columbia  ! 
and  the  Peace  Rivers.  He  said  that  if  \ 
Ottawa  would  give  British  Columbia  < . 
permission  to  sell  its  share  of  the  down-  ' 
stream  benefits  of  power  from  the  i 
Columbia  River,  the  province  would  i 
agree  to  the  treaty  already  signed  be-  | ■ 
tween  Canada  and  the  United  States,  ij 
In  return  for  the  right  to  sell  down-  If. 
stream  power  for  20  years  at  five  mills  I ( 
per  kilowatt  hour,  British  Columbia  i 
would  accept  the  treaty,  ask  no  financial  ' 'i 
assistance  from  Ottawa  for  power  de-  •; 
velopments  on  either  the  Columbia  or  ‘ 
the  Peace  Rivers,  and  would  use  all  1 1 
funds  received  from  the  sale  of  down-  j i 
stream  power  to  develop  dams  on  the  | i 
Columbia  River.  | 


Dr.  Shrum  said  that  British  Columbia 
does  not  want  to  bring  downstream 
power  back  into  the  Province.  Instead, 
it  wants  dollars  returned  to  develop  up- 
stream power.  He  said  tliat  B.C.  has 
enough  power  resources  to  support  a 
population  of  between  25  and  30  million 
persons,  and  they  are  not  coneemed 
about  exporting  power,  as  in  other  parts 
of  Canada  where  an  actual  power  short- 
age could  result.  He  said  that  at  present, 
B.C.  exports  more  than  three  times  as 
much  power  from  the  Peace  River  region 
in  the  form  of  gas  than  it  proposes  to 
sell  as  downstream  hydro  power,  and  he 
could  not  understand,  he  said,  why 
Ottawa  condoned  the  export  of  one  type 
of  power,  and  opposed  the  other  types. 
Dr.  Shrum  estimated  that  it  would  cost 
$427  million  before  the  first  power  from 
the  Peace  River  reaches  Vancouver, 
probably  in  1968.  It  will  continue  to 
develop  irrespective  of  other  parts  of  the 
proposed  rival  developments  in  B.C. 

Regarding  possible  benefits  to  Alberta 
from  the  Peace  River  developments.  Dr. 
Shrum  said  it  will  help  in  regulating  the 
flow  of  tire  river,  thereby  aiding  in 
navigation  and  perhaps  enabling  Alberta 
to  develop  her  own  power  facilities. 
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\ ESTEVAN 

O.  P.  Lesiuk,  m.e.i.c. 

' J.  Peden,  Instructor  in  Civil  Engineer- 
ing Technology'  at  Moose  Jaw  Technical 
I School  was  the  guest  speaker  at  the 
I April  1 meeting.  Mr.  Peden  spoke  on 
i problems  pertaining  to  organization  and 
I qualifications  which  would  be  encoun- 
tered in  affiliation  with  tire  Association 
I of  Professional  Engineers.  Mr.  Peden 
1 outlined  the  reasons  for  tlie  proposed 
I affiliation  of  technicians  with  the 
; A.P.E.S.,  and  discussed  tire  benefits  it 
would  pro\'ide  to  technicians  as  well  as 
; to  the  engineers.  He  said  the  major 
! problem  to  overcome  would  be  that  of 
1 deciding  the  qualifications  of  technicians 
1 for  membership  in  the  association.  A 
I proposed  application  form  was  distri- 
, buted  and  the  various  classes  of  quali- 
i fication  were  discussed. 

I A report  on  the  Saskatchewan  meeting 
i of  the  Council  of  tire  Engineering  In- 
j stitute  of  Canada  was  given  by  A. 
j Guthrie.  The  Institute’s  library,  finances, 
j confederation  and  the  statuses  of  tlie 
I various  branches  were  discussed  at  tire 
Council  meeting. 

A talk  by  Bill  Hewes  on  corrosion  has 
been  planned  for  the  next  general  meet- 
ing of  the  Branch, 
i 

MOOSE  JAW 

R.  J.  Tomlinson,  m.e.i.c. 

E.  J.  Cole,  City  Engineer  for  the  City 
of  Saskatoon,  was  the  guest  speaker  at 
the  Branch’s  April  24  Meeting. 

I In  his  talk,  “The  Engineer  and  his 
I Effect  on  Present  Living  Conditions”, 
Mr.  Cole  outlined  the  living  conditions 
of  fifty  years  ago,  and  compared  them 
to  those  of  today,  emphasizing  the  many 
conveniences  available  today.  He  said 
that  everyday  use  of  these  conveniences 
has  made  the  public  apathetic  towards 
them.  The  true  value  of  these  conveni- 
ences is  only  realized  when  a disruption 
in  their  extension  occurs.  Then,  the 
public  becomes  aroused  and  protests  the 
lack  of  service.  Mr.  Cole  said  the  engi- 
neering profession  should  be  responsible 
for  the  education  of  the  public  regarding 
the  problems  which  may  arise  in  the 
distribution  of  public  utilities.  An  effort 
to  eliminate  these  problems  should  be 
made. 

A smorgasbord  dinner  was  held  prior 
to  Mr.  Cole’s  address,  and  it  was  fol- 
lowed by  entertainment  and  a social 
evening  for  members  and  their  wives. 

NEWFOUNDLAND 

Anthony  Nemec,  M.E.I.C. 

The  Branch  held  its  annual  dance 
April  27  at  the  Old  Colony  Club.  The 
Slide-Rule  Ball  was  the  name  given  to 
tliis  function,  and  all  who  attended  had 
an  enjoyable  time.  Decorations  included 
hundreds  of  balloons  and  slide  rules.  The 
Silhouettes  provided  musical  entertain- 
ment and  refreshments  were  served. 


NIPISSING  AND 
UPPER  OTTAWA 

J.  S.  Cooper,  m.e.i.c. 

The  Annual  Meeting  of  the  Branch 
was  held  at  the  Golden  Dragon  Restau- 
rant in  Ferris  on  May  2. 

Chairman  R.  A.  Booy  pre.sided,  and 
22  members  and  guests  were  present. 
Following  dinner,  the  reports  of  the 
various  committees  were  read.  These 
reports  indicated  that  the  Branch  had 
had  a successful  year.  The  report  of  the 
nominating  committee  was  read,  and  the 
following  officers  were  elected  by  ac- 
clamation: Chairman,  P.  M.  Rebin  of 
Sturgeon  Falls;  Vice-chairman,  D.  P. 
Duffy,  Nortli  Bay;  Past-chainnan,  R.  A. 
Booy,  Temiscaming.  The  executive  com- 
mittee will  include:  D.  R.  Catford, 
Temiscaming;  M.  Felix,  Temiscaming; 
E.  Capstick,  North  Bay;  D.  W.  Briden, 
North  Bay;  P.  M.  Rebin,  Sturgeon  Falls 
and  L.  Blais,  Kirkland  Lake. 

After  the  business  meeting,  two  excel- 
lent films  were  shown.  The  films  sup- 
plied through  courtesy  of  Remington 
Arms  were  “Exhibition  Shooting”  and 
“Gunning  the  F’lyways”. 

PETERBOROUGH 

Tod  Willcox,  M.E.I.C. 

On  February  16,  the  Branch  celebrated 
the  75th  Anniversary  of  the  Engineering 
Institute  of  Canada  with  a diamond 
jubilee  ball  held  in  the  Imperial  Ball- 
room of  the  Empress  Hotel.  A buffet 
of  oriental  foods  was  served.  Displays 
of  engineering  accomplishments  through- 
out the  years  created  an  atmosphere  in 
keeping  with  the  theme  of  the  evening. 

The  February  dinner  meeting  was  held 
at  the  Kawartha  Golf  and  Country  Club 
with  Henry  Aurand  Jr.,  of  the  General 
Electric  Gompany  of  Santa  Barbara, 
Calif.,  as  guest  speaker.  Mr.  Aurand 
spoke  on  cybernetic  anthropomorphous 
machines.  A report  was  given  on  the 
progress  in  developing  machines  which 
can  function  similarly  to  a human  being 
for  use  in  space  exploration  and  other 
hazarous  activities.  The  principal  feature 
of  recently  developed  machines  is  that 
they  are  capable  of  amplifying  muscular 
ability,  and  are  equipped  with  force  and 
visual  feedbacks  systems  to  enable  the 
operator  to  sense  what  he  is  doing.  Mr. 
Aurand  demonstrated  how  difficult  it 
was  for  an  operator  to  manipulate  a 
machine  in  two  dimensions  without  feed- 
back  control,  and  how  easy  it  was  to 
operate  in  three  dimensions  with  force 
feedback. 

In  March  a dinner  was  held  in  con- 
junction with  an  Institute-sponsored 
Atomic  Exhibition.  The  gue.st  speaker 
was  J.  L.  Gray,  President  of  Atomic 
Energy  of  Canada  Limited.  Mr.  Gray 
reviewed  the  atomic  power  program  in 
Canada  and  presented  his  current  as- 
sessment of  the  impact  of  atomic  power 
on  indu.stry  in  the  future.  The  Atomic 
Exhibition  held  March  28  and  29,  by 
the  Branch  focu.sed  attention  on  the 

(Continued  on  page  80) 


FLUIDICS 

SPOKEN  HERE 


Water  treatment  news 


Will  a Package  Plant 
meet  your 

water  treatment  needs? 


by 

Eugene  D.  Driscoll 
Assistant 
Technical 
Manager 
Permutit 

This  is  the  newest  trend  in  water  treatment 
—package  plants,  pre-assembled  and  stocked 
for  fast  delivery  and  simple  installation. 

Because  of  inherent  advantages,  package 
plants  are  gaining  wide  acceptance  in  both 
municipal  and  industrial  process  water 
treatment.  The  variety  and  size  range  of 
package  equipment  now  available  makes  it 
practical  for  engineers  to  design  complete 
water  treatment  systems  around  package 
components.  Requests  for  package  units  of 
all  types  have  increased  in  recent  months. 
This  is  because  it  is  possible  to  achieve  cus- 
tom dependability  and  flexibility,  while  tak- 
ing advantage  of  the  cost  and  time  savings 
of  package  units. 

Installation  costs  for  a package  plant 
are  a bare  minimum,  in  many  cases,  the 
units  are  skid-mounted,  ready  to  locate. 
Frequently,  you  need  only  make  connec- 
tions for  inlet  water,  treated  water  outlet, 
and  drain. 

Is  there  a package  plant  for  you?  Prob- 
ably. Permutit  has  pioneered  a comprehen- 
sive line  of  water  treatment  units.  They 
are  of  matched,  standard  designs,  manu- 
factured and  stocked  in  quantity.  Factory 
tested,  they’re  available  for  a variety  of 
treatment  processes  and  in  many  cases  you 
can  get  delivery  within  ten  days  to  two 
weeks. 

Here  are  some  typical  Permutit  package 
units: 

PRECIPITATORS  — provide  for  dealkaliza- 
tion, softening  or  coagulation  at  rates  up  to 
500  gpm.  Proportioning  chemical  feeders 
are  standard  accessories;  pressure  filters  or 
carbon  purifiers,  optional. 

SOFTENERS  — Ion  exchange  softeners  up 
to  48-inch  diameter  can  remove  as  much  as 
1,400  kilograins  of  total  hardness  during 
each  service  run,  at  flow  rates  up  to  100 
gpm.  Skid  mounting  optional. 

DEMINERALIZING  SYSTEMS  - To  pro- 
duce water  of  specified  low  mineral  content. 
“Skid  mounted  Package  2-step  System” 
can  use  several  types  of  resin  to  meet  a 
wide  range  of  operating  conditions.  Capac- 
ities up  to  37  gpm.  “Package  Mixed  Bed” 
units  up  to  24  inches  in  diameter  produce 
up  to  20  gpm  of  high  quality  water.  (50 
gpm  in  polishing  service).  Size  will  depend 
on  water  to  be  treated  as  well  as  on  flow 
rate.  Integral  regeneration  equipment  is 
included. 

DEAERATING  HEATERS  - The  Permutit 
Type  B,  tank  car  design  heater  is  available 
in  capacities  of  30,000,  50,000  and  70,000 
pounds  per  hour. 

lor  more  information  about  Package 
Plants,  or  water  treatment  in  general, 
write  Permutit  Company  of  Canada, 
Dept.  EJ-72,  207  Queens  Quay  West, 

Toronto  1,  Ontario. 

PERMUTIT  COMPANY 
of  CANADA 

CALGARY,  MONTREAL,  TORONTO 
a division  of  PFAUDLER  PERMUTIT  CANADA,  LTD, 

Specialists  in  fluidics . . . the  science  of  fluid  processes 
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For  today’s  large  scale 
pumping  needs  • • • 

Specify  a modern 


SUMO  SUBMERSIBLE  PUMP 

Here  is  the  latest  thing  in  large  scale  pumping  from  deep  wells  — 
the  Sumo  Submersible.  The  entire  unit,  motor  and  pump,  operates 
Inside  the  well  where  it  is  protected  against  damage  from  floods, 
freezing  or  tampering.  No  pump  house  is  needed. 

Proved  and  tested  by  almost  half  a century  of  service  in  installa- 
tions all  over  the  world.  Sumo  Submersibles  will  give  years  of 
troublefree,  maintenance-free  service.  Capacities  range  up  to  2000 
gpm.  Power  ratings  range  from  1 /3  hp  to  120  hp. 

What's  more,  installation  is  exceedingly  simple.  The  unit  is  simply 
attached  to  the  end  of  the  discharge  pipe  and  lowered  into  the 
well  casing.  There  are  no  drive  shafts  or  bearings  or  alignment 
problems  to  give  trouble.  And,  because  the  pump  is  coupled  di- 
rectly to  the  motor,  more  efficient  use  of  power  is  obtained. 

Sumo  offers  technical  advice  and  assistance  in  selecting  and  apply- 
ing submersible  pumps  to  your  needs.  There's  no  obligation. 


BULLETIN  B-1000 

has  full  information  on  Sumo  high-capacity 
pumps.  Call  or  write  for  your  copy.  Also  re- 
quest data  on  Sumo  extra  high  capacity 
120  hp  units. 


SUMO  SUBMERSIBLE  DRAINER  PUMPS 

for  pumping  water  containing  high  percentages  of  solids.  Write 
BULLETIN  B-1100  for  details  on  these  rugged,  heavy  duty  pumps 
designed  for  drainage,  flooding  or  general  service  pumping. 


OT(DEri2 


CANADA 

MIXED 


7035  GRAND  AVE.,  MONTREAL  10,  P.Q.  CR.  1-2397 


SUMO  PUMP  DISTRIBUTORSHIPS  OPEN  — INQUIRIES  SOLICITED 


News  of  the  Branches  1 

(Continued  from  page  79)  | 

role  that  Peterborough  engineers  have  | 
played  in  Canada’s  atomic  power  in-  ' 
dustry.  The  exhibition  was  held  in  the 
Imperial  Ballroom  of  the  Empress  Hotel 
and  was  attended  by  1100  high  school  ‘ 
students  and  teachers,  and  over  1500 
from  the  general  public.  The  Exhibition 
consisted  of  working  models  of  the  NPD, 
CANDU  and  NRX  reactors,  a Cobalt-60  i 
Therapy  unit,  cloud  chamber,  ultrasonic  | 
testers,  air  gages  and  Vidigage  testers.  ; t 
Display  panels  showed  samples  of  various  ' ( 
uranium  ores  and  the  numerous  com-  | i 
pounds  produced  in  the  process  of  j 
making  fuels  for  reactors.  The  displays  1 ' 
were  provided  and  staffed  by  Canadian  j 
General  Electric  and  Atomic  Energy  of  ) 
Canada  Limited.  ' 

The  President’s  annual  visit  was  held  . 
on  April  24.  Dr.  B.  G.  Ballard  met  with 
Branch  executive  during  the  afternoon, 
while  Mrs.  Ballard  was  entertained  by  I ■ 
the  members’  wives.  A dinner  meeting  ( ; 
was  held  in  the  evening  at  the  Kawartha  , 
Club  after  which  Dr.  Ballard  gave  a I 
progress  report  on  Confederation.  ^ 

The  Branch  Executive  for  1962  con-  i 
sists  of:  Bill  Durant,  Chairman;  Peter 
Tuck,  Past  Chairman;  Bob  Rehder,  Sec- 
retary Treasurer;  Don  Lamont,  Council-  \ 
lor;  Bill  Cliffe,  Technical  Meeting;  Ron  1 
Doughty,  Social  Events;  Peter  Thompson,  i 
Membership;  Ted  Willcox,  Publicity  and  ; 
Public  Relations;  John  Bright,  Repre-  ^ 
sentative  to  APEO  and  Barry  Ottlewell,  j ! 
Historian. 


QUEBEC  I 

Rene  Rioux,  M.E.i.c. 

L’assemblée  annuelle  de  la  section  de  | 
Québec  s’est  déroulée  au  Cercle  Univer-  i 
sitaire  Laval  le  12  mars.  A cette  occasion,  j r 
les  membres  ont  eu  le  privilège  d’en-  ! i 
tendre  M.  Louis-P.  Bonneau,  M.E.I.C.,  i 
vice-recteur  de  l’Université  Laval,  qui  |,  i 
nous  a fait  part  des  problèmes  que  suscite  • 
l’expansion  de  l’Université.  Notre  invité  , • 
d’honneur  fut  présenté  par  M.  Lionel  i 
Boulet,  M.E.I.C.,  directeur  du  départe-  ; 
ment  de  génie  électrique,  et  remercié  par  , . 
M.  Bernard  Michel,  M.E.I.C.,  directeur  J i 
du  département  de  génie  civil.  ; 

Le  nouveau  conseil  du  chapitre  de  j > 

Québec  sera  formé  ainsi:  Président,  Jean-  î i 

Baptiste  Delage;  Vive-Président,  Jacques  ( 

Roy;  Secrétaire-trésorier,  Jacques  Pla-  ' . 

mondon;  Conseillers,  Jean-Louis  Bourret,  ; i 

Marcel  Jobin,  Bernard  Michel,  Marc  Ber-  , 

geron,  Paul  Bousquet,  André  Gagnon;  | 

Anciens  présidents,  René  Rioux,  B.-I.  i ! 

Burgess,  Pierre  Duchastel. 

Le  12  avril,  au  Glub  Gambrai,  en  ; i 
collaboration  avec  le  chapitre  local  de  la  ; 
Corporation  des  Ingénieurs  Profession-  | 

nels,  plusieurs  de  nos  membres  ont  ac- 
cepté d’être  parrains  pour  les  étudiants  ' > 
qui  recevaient  leur  anneau  de  fer.  Cette  t 
soirée,  qui  réunissait  au-delà  de  100  ; 1 

étudiants  et  autant  d’ingénieurs,  fut  { 
marquée  par  la  franche  camaraderie  qui  j 
s’est  vite  établie  entre  les  ingénieurs  pré-  j 
sents  et  leurs  confrères  de  demain.  i ! 
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SARNIA 

L.  J.  Archibald, 

On  May  15,  the  Branch  held  a joint 
meeting  witlr  tlie  local  branch  of  the 
Chemical  Institute  of  Canada.  The  meet- 
ing was  well  attended,  and  the  guest 
speaker,  D.  J.  McDonald,  Aero  Radio 
Engineer  with  the  Bell  Telephone  Com- 
pany, provided  a very  informative  talk 
, on  “Satellite  Communications”.  Since 
the  installation  of  microwave  following 
World  War  II,  the  Bell  Telephone  Com- 
pany, along  with  others,  has  been  doing 
considerable  research  in  the  possibilities 
of  world-wide  microwave  transmission 
by  the  use  of  satelhtes.  A lively  question 
and  answer  period  followed  the  talk. 

In  the  absence  of  the  Branch  Chair- 
man, C.  R.  Young,  Vice-Chairman,  R. 

I W.  Hodgson  conducted  the  meeting. 

UNIVERSITY  OF 
WESTERN  ONTARIO 
David  Fader 

A student  paper  contest  was  held 
March  27  and  April  3 at  which  members 
of  the  graduating  class  presented  papers 
on  projects  which  they  had  completed 
during  the  year.  Four  finalists  were 
selected.  They  presented  their  papers 
on  April  10  before  a panel  of  three 
judges:  Dean  R.  M.  Dillon,  Dr.  E.  V. 
Buchanan,  Chairman  of  the  Engineering 
Science  Advisory  Committee;  and  G. 
Chorley. 

The  contestants  and  the  papers  they 
presented  are  as  follows;  G.  Steels, 
Model  Study  of  Wind-Induced  Vibration 
in  Guy  Wires;  J.  Westeinde,  Bundle 
Reinforcement  in  Goncrete;  J.  Howard, 
Investigation  of  Inferential  Metering;  J. 
MacArthur,  Heat  Transfer  Between  a 
Vertical  Heating  Element  and  a Fluid- 
i ized  Air-Solid  Mixture.  The  winner  of 
the  Engineering  Institute  of  Canada’s 
Best  Paper  Award  was  J.  MacArthur. 


VICTORIA, 

VANCOUVER  ISLAND 

W.  N.  Tivy 

A reception  and  dinner  honoring  Dr. 
B.  G.  Ballard,  President  of  tlie  Engi- 
neering Institute  of  Ganada,  and  Mrs. 
Ballard  was  held  May  12  at  the  Victoria 
Art  Gallery. 

In  his  address.  Dr.  Ballard  outlined 
tlie  varied  opinions  held  by  members  and 
Branches  across  Canada  regarding  Con- 
federation. In  his  opinion,  the  various 
branches  of  engineering  have  made  the 
greate.st  contribution  of  all  professions 
to  the  development  of  Canada.  He  gave 
examples  to  substantiate  this  claim.  Dr. 
Ballard  spoke  of  the  advantages  resulting 
from  improved  relations  between  the 
scienti.sts  of  the  U.S.S.R.  and  scientists 
of  tlie  West.  He  also  discus.sed  the  im- 
provement in  communications  with  the 
u.sc  of  satellites. 

A tour  of  the  gallery  terminated  the 
enjoyable  visit.  ËÎ2 


Multiply  working  sessions  like  this  one  by 
70  and  you  get  some  idea  of  how  the  member 
companies  of  AMCA  work  in  your  behalf 
throughout  the  year.  These  70  rrianufacturers 
of  air  moving  and  conditioning  equipment 
are  AMCA,  and  each  year  they  contribute 
thousands  of  collective  man  hours  to  the  job 
of  developing  standards,  recommended 
practices,  test  codes— and  undertaking  many 
other  technical  programs  related  to  product 
applications  and  performance. 

If  yor/A  job  is  to  specify  or  select  air  moving 
and  conditioning  equipment,  AMCA  and  its 
activities  are  important  to  you.  Bulletins 
covering  these  activities  are  available  on 
request.  The  Association  also  welcomes 
your  inquiries  on  special  problems. 


Air  Moving  and  Conditioning  Association,  Inc. 
P.O.  Box  550  • Windsor,  Ontario 
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Library  Motes 


Prepaied  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 


BOOK  REVIEW 


“printed  circuits 

Printed  circuit  techniques  are  dis- 
cussed with  particular  emphasis  on  cir- 
cuit and  equipment  design.  Following  a 
brief  description  of  manufacturing  pro- 
cesses, tire  autlior  considers  the  prepara- 
tion of  the  circuit  information,  materials 
for  printed  circuits,  printed  components 
for  low  and  medium  frequencies,  strip 
transmission  lines,  and  printed  micro- 
wave  systems.  Appendices  describe  test- 
ing procedures  and  specifications  as  well 
as  some  early  printed  circuit  patents. 
(J.  M.  C.  Dukes.  London,  Macdonald, 
1961.  228p.,  £2.) 


arches:  tables  for  statical 
ANALYSES. 

These  tables  are  intended  as  an  aid 
in  calculating  the  magnitude  of  the  nor- 
mal forces  and  bending  moments  of 
the  various  cross-sections  of  statically 
indeterminate  arches.  To  simplify  the 
calculations,  the  main  tables  for  the 
vertical  and  horizontal  components  of 
reactions  are  supplemented  by  auxiliary 
tables  giving  the  magnitudes  of  normal 
forces  and  bending  moments  for  cases 
most  frequently  met  with  in  practice. 
The  notes  and  legends  on  the  tables 
are  given  in  English,  German,  Polish 
and  Russian.  The  compiler  is  at  the 
Technical  University  of  War.saw.  (Jan 
Szymczyk.  London,  Pergamon,  1961. 
536p.,  $20.00.) 


the  world  of  LEONARDO  DA  VINCI. 

A picture  of  Leonardo  da  Vinci  as  a 
scientist,  and  a civil,  military  and  me- 
chanical engineer,  set  against  the  back- 
ground of  the  Italy  of  his  time. 

There  are  many  illustrations,  including 
some  from  Leonardo’s  Notebooks.  (I.  B. 
Hart.  London,  Macdonald,  1961.  374p., 
4.5/-.) 
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“coefficients  for  ANALYSIS  OF 
TWO  AND  three-span  CONTINUOUS 
BEAMS  OF  CONSTANT  MOMENT  OF 
INERTIA. 

This  volume,  with  tables  covering  up 
to  215  span  ratios,  provides  a quick 
direct  reference  for  those  concerned  with 
the  structural  design  or  investigation  of 
continuous  beams.  The  tables  include 
load  conditions  which  seem  to  cover 
most  of  the  practical  problems  met  in 
structural  engineering.  They  enable 
either  an  e.xact  or  an  approximate  ana- 
lysis of  such  problems  as  the  dead  load 
analysis  of  bridge  stringers,  the  compari- 
son and  design  of  floor  systems  and 
building  beam  analysis  and  design.  Used 
directly,  without  recourse  to  influence 
lines,  they  provide  a quick,  complete 
analysis  of  beams  subjected  to  compli- 
cated loading  conditions  if  the  principle 
of  superposition  is  applied  properly. 
(Muscatine,  Iowa,  Stanley  Engineering 
Company,  1961.  229p.,  $12.50.) 


MANUAL  OF  FIELD  GEOLOGY. 

Intended  primarily  to  help  under- 
graduate students  with  their  field  train- 
ing, this  text  assumes  that  the  reader 
can  identify  common  rocks  and  minerals, 
and  is  acquainted  with  geologic  struc- 
tures and  the  basic  principles  of  strati- 
graphy. (R.  R.  Compton.  New  York, 
Wiley,  1961.  378p.,  $7.50.) 


''BRITISH  ELECTRICAL  POWER  CONVENTION, 
THIRTEENTH.  PROCEEDINGS. 


These  proceedings  center  about  the^ 
theme,  “Electricity  in  the  Prosperity  and* 
Welfare  of  the  Nation.”  They  discuss] 
the  British  electricity  transmission  sys- 
tem, some  aspects  of  efficiency  and| 
economy  in  distribution,  the  electrical: 
power  industry  in  Canada,  and  British  : 
electrical  manufacture  in  the  national) 
economy.  (London,  the  Convention,- 
1961.  391p.) 


INTERNATIONAL  ASSOCIATION  FOR  BRIDGE  -. 
AND  STRUCTURAL  ENGINEERING,  SIXTH 
CONGRESS,  FINAL  REPORT.  : 

This  final  report  of  the  sixth  congress 
of  the  association,  held  in  Stockholm' 
in  June  1960,  contains  most  of  the 
papers  presented  during  the  working 
sessions.  The  papers  were  divided  into  | 
six  sessions.  (Zurich,  Leemann,  1961. 
521p.,  66  SEr.) 


j 


LINEAR  PROGRAMMING. 


This  volume  presents  a fairly  rigorous  \ 
development  of  the  theoretical  and  com- 
putational  aspects  of  linear  program- 3 
ming,  as  well  as  a discussion  of  some  j 
practical  applications.  Familiarity  with  i 
linear  algebra  and  convex  sets  is  as-  a 
sumed,  although  the  mathematical  back- 
ground  needed  is  covered  in  the  second  ; i 
chapter.  (G.  Hadley,  Reading,  Mass.,  .• 
Addison-Wesley,  1962.  520p.,  $9.75.)  - 


THE  ENGINEERING 
INSTITUTE  LIBRARY 

The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library,  and  may  be  borrowed 
by  members  of  the  Institute.  Two 
items  may  be  borrowed  at  one 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.m.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mamfield 
Street,  Montreal. 


“aSHRAE  guide  AND  DATA  BOOK,  1961. 

This  first  of  two  volumes  of  a standard  i; 
reference  work  deals  with  fundamental  * 
theory  and  equipment  relating  to  heat- 
ing,  refrigeration,  ventilating,  and  air  M 
conditioning.  Extensive  revisions  of  ma- 
terial  taken  from  previous  editions  and/Y 
the  addition  of  23  new  chapters  bring  J 
the  subject  matter  up-to-date.  The  sec- 
ond  volume  will  deal  with  current  prac- 
tice  in  specific  applications.  (New  York,  Æ 
American  Society  of  Heating,  Refriger-  ^ 
ating  and  Air-Conditioning  Engineers,  î 
1961.  406p.,  $12..50.)  ^ 


(Continued  on  page  89) 
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CANADA  CREOSOTING  COMPANY  LIMITED 

1155  DORCHESTER  BLVD.  W.,  MONTREAL,  QUE. 


TRADE  MARK 


Pressure  treated  poles  make  low-cost, 
durable  pole  type  buildings  possible. 


ECONOMICAL... 

DURABLE... 

VERSATILE... 


PRESSURE  TREATED 
WOOD  PRODUCTS 


Foundation  Timbers  and  Piling  • Wharves  • Track  Ties 
Roof  and  Deck  Planking  • Bridges  and  Culverts 
Poles  and  Cross  Arms  • Wood  Block  Floors  • Guard  Rails 
Pole  Type  Buildings  • Marine  Structures  • Mine  Timbers 

Canada  Creosoting  Company  Limited — Canada’s  lead- 
ing suppliers  of  pressure  treated  timber  for  every  use 
— is  the  firm  to  call,  whatever  your  needs.  Complete 
timber  treating  and  prefabricating  facilities  at  your 
service  . . . backed  by  45  years  experience  in  pressure 
treating  timber  for  long  life,  low  upkeep.  CAN-CREO 
has  a coast-to-coast  network  of  plants  and  offices 
serving  all  parts  of  Canada. 


PLANTS  AT 

Truro,  N.S. 

Delson,  Que. 

Sudbury,  Ont, 

North  Transcona,  Man. 
Calgary,  Alta. 

Now  Westminster,  B.C. 


Newcastle,  N.B. 
Trenton,.  Ont, 

Sioux  Lookout,  Ont. 
Prince  Albert,  Sask. 
Edmonton,  Alta. 

North  Vancouver,  B.C. 


SALBS  OFFICES  AT 
Truro,  N.S, 

Montreal,  Que. 

Toronto,  Ont. 

Winnipeg,  Man. 

Calgary,  Alto. 

North  Vancouver,  B.C. 


Call  CAN-CREO  for  prompt  shipment,  lasting  satisfaction 


DIVISION  OF  DOMINION  TAR  & CHEMICAL  COMPANY,  LIMITED 
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Business  and  Industrial  Briefs 


E.  R.  Stillings  Andre  Desarzens 


E.  R.  Stillings  has  been  appointed  Pro- 
duction Manager  of  Leeds  & Northrup, 
Canada,  Limited  in  Toronto.  Mr.  Stillings 
brings  to  his  new  position  wide  ex- 
perience in  the  field  of  electronic  instru- 
mentation and  controls  in  steel,  auto- 
motive, ceramics,  power  and  other  in- 
dustries. 


Andre  Desarzens  has  been  appointed 
Regional  Manager  by  Eutectic  Welding 
Alloys  Corp.  Mr.  Desarzens  will  have  his 
headquarters  at  Sillery,  Que.,  and  will 
supervise  the  company’s  service,  sales 
and  educational  program  for  industry 
and  governments  in  Eastern  Quebec  and 
the  Maritime  Provinces.  Mr.  Desarzens’s 
region  will  embrace  eight  active  techni- 
cal representatives  serving  tire  lumber, 
mining  and  paper  belts,  as  well  as  the 
farm  implement,  building  product,  metals, 
refining,  shipbuilding  and  other  in- 
dustries. 


J.  C.  Gleason  has  been  named  district 
manager,  Halifax,  for  Canadian  Allis- 
Chalmers  Limited.  Mr.  Gleason  brings 
to  lus  new  position  many  years  of  sales 
and  management  experience  relating  to 
the  pidp  and  paper,  mining  and  refin- 
ing industries. 


George  E.  Merryman,  Jr.  has  been  ap- 
pointed manager  of  the  Montreal  East 
plant  of  Union  Carbide  Canada  Limited’s 
Chemicals  and  Plastics  Division.  Mr. 
Merryman  joined  the  company  in  1942, 
and  in  1959  was  appointed  assistant  plant 
manager  at  Montreal  East. 


Appointments  and  Transfers 


George  M.  McGregor  has  been  appointed 
General  Manager  of  Donald  Ropes  and 
Wire  Cloth  Limited.  Mr.  McGregor  was 
formerly  Assistant  General  Manager. 


C.  P.  Baker  has  been  named  executive 
vice-president  and  general  manager  in 
charge  of  Mannix  Co.  Limited’s  Cana- 
dian activities.  Mr.  Baker  joined  the 
company  in  1950  and  has  been  engaged 
on  various  large  construction  projects. 
He  was  for  a time  the  company’s  Pacific 
Coast  representative,  and  just  prior  to 
his  recent  appointment  was  general  man- 
ager of  construction  divisions. 


C.  P.  Baker  P.  G.  McLaren 


P.  G.  McLaren,  retired  recently  from  the 
RCAF  with  tire  rank  of  Wing  Com- 
mander, has  joined  the  staff  of  the 
Canadian  Highway  Safety  Council  in 
Ottawa.  He  will  direct  the  reactivation  of 
the  National  Safety  League  of  Canada. 


P.  Pemberton  Pigott  has  been  appointed 
to  head  mechanical  engineering  develop- 
ment at  Product  Design  Unit  of  Stewart 
& Morrison  Limited.  Mr.  Pigott  will  be 
responsible  for  all  engineering  develop- 
ment of  new  products.  Mr.  Pigott  was 
formerly  with  Ontario  Hydro  engaged 
in  the  design  of  major  mechanical  equip- 
ment for  hydraulic  power  stations.  Be- 
tween 1954-58,  he  was  responsible  for 
the  design,  purchase  and  co-ordination 
of  mechanical  equipment  for  the  St. 
Lawrence  Power  Project.  Earlier,  he  de- 
signed the  draining  power  tunnels  below 
Niagara  Falls. 


George  M.  John  D.  Hopping 

McGregor 


John  D.  Hopping  has  been  named  Gen- 
eral Sales  Manager  for  Canada  by  the 
Rover  Motor  Company  of  North  America 
Limited,  Toronto.  Formerly  Parts  and 
Serviee  Manager,  Mr.  Hopping  has  been 
associated  with  Rover  since  1957  when 
he  joined  the  company  in  England  as  a 
member  of  the  Technical  Service  De- 
partment. 

Patrick  M.  Draper  has  been  appointed 
Vice-President,  Administration,  Canada 
Iron  Foundries,  Limited.  Mr.  Draper 
joined  the  company  in  1952  and  has  held 
a number  of  senior  positions,  most  re- 
cently that  of  General  Manager,  Pres- 
sure Pipe  Division. 


P.  Pemberton  Pigott  Patrick  M.  Draper 


A.  A.  (Bert)  Castle  has  been  appointed 
Service  Manager  of  the  Sept  lies  Branch 
of  Hewitt  Equipment  Limited,  Quebec 
dealer  for  the  Caterpillar  Americas  Com- 
pany. Mr.  Castle  has  had  a wide  range 
of  experience  in  the  equipment  field  and 
has  been  well  trained  in  all  phases  of 
Caterpillar  equipment. 

(Continued  on  page  103) 
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MECHANICAL  ENGINEER 
BUILDING 
MAINTENANCE 


$9,120  — $10,300 


The  Airport  and  Property  Manage- 
ment Division  of  the  Department 
of  Transport  at  Ottawa  requires 
the  services  of  a professionally 
qualified  Engineer  with  preventive 
maintenance  experience  to  develop 
standards  for  the  operation  and 
maintenance  of  heating,  ventilat- 
ing, air  conditioning  and  refrigera- 
tion systems  and  elevators,  escala- 
tors and  baggage  handling  equip- 
ment. 

For  further  details  and  application 
forms  write  to  the  CIVIL  SERVICE 
COMMISSION  OF  CANADA,  OT- 
TAWA, requesting  Information 
Circular  62-1207. 


RYERSON  INSTITUTE  OF  TECHNOLOGY 

I Requires  Teachers  in  Engineering  Tech- 

I nology.  Applications  are  invited  for  ap- 
pointments in  the  departments  of  Chemi- 
cal, Civil,  Electrical,  Electronic,  and  Mech- 
anical Technology,  and  in  Physics  and 
Mathematics;  duties  to  commence  Septem- 
ber 1,  1962.  QUALIFICATIONS:  Appro- 
priate Master’s  degree  plus  a minimum  of 
two  years’  industrial  or  research  experi- 
ence. Teaching  certificate  not  required  to 
start,  but  must  be  obtained  within  three 
years  through  summer  courses,  provided 
these  courses  are  offered  annually. 
DUTIES:  To  teach  two  or  three  different 
courses  to  post-secondary  school  students 
{lecture  and  laboratory  sessions).  This  is 
an  Ontario  Civil  Service  appointment.  The 
starting  salary  is  $6,300.00  per  annum  with 
advancement  on  merit  by  annual  in- 
crements to  a present  maximum  of 
$9,000.00  per  annum.  Apply  in  writing  to 
The  Principal,  Ryerson  Institute  of  Tech- 
nology, 50  Gould  Street,  Toronto,  Ontario. 


AGGREGATES  ENGINEER  to  undertake  a 
5-year  study  of  consumer  requirements, 
quarry  products  and  production  methods, 
quality  control,  and  to  make  technical 
service  calls.  Successful  applicant  must  be 
a graduate  civil,  mining  or  mechanical 
engineer  with  a minimum  of  2 years’  field 
experience  in  one  of  the  following  fields: 
lime,  cement,  concrete,  asphalt  paving, 
materials  testing  or  construction.  Good 
appearance  and  personality  necessary 
attributes.  Remuneration  commensurate 
with  qualifications.  Submit  complete 
resume  and  salary  required  to:  Mr.  C.  E. 
Kastner,  Personnel  Manager,  The  Winni- 
peg Supply  and  Fuel  Co.  Ltd.,  8th  Floor, 
Boyd  Building,  Winnipeg  1,  Manitoba. 


THERMAL  ELECTRIC  PLANT  SUPER- 
INTENDENT for  300  new  Megawatt  power 
station  located  at  Tracy,  Quebec.  Position 
requires  experienced  graduate  engineer,  or 
equal,  with  thorough  knowledge  of  ther- 
modynamics, the  operating  practices  and 
techniques  used  in  a modern  high  pres- 
sure steam  generating  station,  and  with 
administrative  experience  in  power  plant 
operation.  He  will  be  responsible  to 
management  for  the  overall  administra- 
tion of  the  plant,  including  operation  and 
maintenance  of  equipment,  selection  and 
training  of  personnel,  and  analysis  of 
operating  results  to  attain  maximum 
efficiency.  Applicant  must  have,  or  be 
prepared  to  obtain  his  First  Class  Station- 
ary Engineer’s  License  for  the  Province  of 
Quebec.  In  case  applicant  does  not  now 
hold  license  for  the  Province  of  Quebec, 
it  would  be  of  advantage  if  he  is  now 
holder  of  a first  class  licnese  in  some 
other  province.  Apply  in  writing  only  to: 
The  Shawinigan  Water  and  Power  Com- 
pany, 600  Dorchester  Blvd.  West,  Mont- 
real, P.Q. 


MACHINE  DESIGNER  — An  international 
manufacturing  company  located  in  a pro- 
gressive community  within  65  miles  of 
Montreal  has  created  the  new  position  of 
Machine  Designer.  This  position  involves 
the  complete  design  and  modification  of 
automatic  mass  production  machinery. 
Applicants  should  be  bilingual  and  have  a 
proven  record  of  accomplishment  in 
creative  machine  design  and  a sound 
knowledge  of  machine  shop  practice.  A 
mechanical  engineering  degree  is  desir- 
able but  not  required.  This  Company  is 
a leader  in  its  industry  and  has  liberal 
benefits  and  personnel  programs.  Salary 
will  be  commensurate  with  experience 
and  ability.  All  replies  will  be  held  in 
strictest  confidence.  Send  complete 
resumes  of  education,  work  experience 
and  salary  history  to:  File  No.  179-V. 


ENGINEERS 

COMMUNICATIONS  AND 
ELECTRONICS 

Federal  Government'  Departments 
OTTAWA 

in  one  or  more  of  the  following  areas: 
Design  and  Development 
Systems  Analysis  and  Application 
Installation  Engineering  Maintenance 
Analysis  and  Regulation 

BENEFITS 

• 3 weeks'  annual  vacation  leave 

• Accumulative  sick  leave 

• Excellent  superannuation  plan 

• Low  cost  term  insurance 

• Promotion  on  merit 

Complete  details  and  application  forms 
available  on  request.  Write  to  the 
CIVIL  SERVICE  COMMISSION  OF 
CANADA,  OTTAWA,  requesting  In- 
formation Circular  62-1151. 


TEACHING 


LECTURER  — The  Department  of  Elec- 
trical Engineering  of  the  University  of 
Sherbrooke  seeks  a lecturer  having  an 
advanced  degree  in  Electrical  Engineering, 
with  specialization  in  Communications,  to 
handle  courses  such  as  Communication 
Systems,  Ultrahigh  Frequency  and  Radia- 
tion, and  Information  Theory.  Minimxim 
starting  salary,  $5,900  to  $6,500,  depending 
on  qualifications.  Fluency  in  the  French 
language  is  preferable  but  not  essential. 
File  No.  128-V. 


• Library  Not6S  (Continued  from  page  82) 

TABLES  OF  INTEGRALS  AND  OTHER  MATHEMATICAL 
DATA,  4th  ed. 

This  collection  of  tables  and  formulae  has  been  compiled 
from  many  sources,  and  these  are  listed  in  both  the  text 
and  bibliography,  so  that  interested  readers  may  check 
the  derivation  of  the  results,  and  locate  similar  results. 
A useful  index  is  also  included.  (H.  B.  Dwight.  Galt,  Brett- 
MacmQlan,  1961.  336p.,  $3.50.) 

TOWARDS  INFORMATION  RETRIEVAL. 

The  author  has  been  concerned  with  the  problems  of 
information  retrieval  for  many  years,  and  tire  papers  in 
this  collection  have  been  written  over  the  last  fifteen 
years,  and  are  concerned  with  the  principles  of  the  subject, 
rather  than  the  techniques  of  problem  solving.  (R.  A.  Fair- 
thorne.  Toronto,  Butterworth,  1961.  211p.,  $6.50.) 

GLASS  REINFORCED  PLASTICS,  3rd  ed. 

Enlarged  and  revised  tliis  third  edition  includes  new 
chapters  on  dough  moulding  compounds,  glass  reinforced 
sheeting,  and  filament  winding  as  applied  to  pressure 
vessels.  The  various  chapters  are  written  by  experts 
in  the  field,  and  the  book  is  edited  by  the  Editor  of 
British  Plastics.  (Ed.  by  Phillip  Morgan.  Ijondou,  lliffc, 
1961.  340p.,  50/-.) 


PRACTICAL  METROLOGY,  VOL.  4. 

The  seven  experiments  described  in  this  volume  require 
a more  advanced  stage  of  study  than  those  in  the  first 
three  volumes,  and  they  deal  with  measurements  of  length 
and  angle  to  the  highest  accuracy  usually  reached  in  en- 
gineering metrology  laboratories.  (K.  J.  Hume  and  G.  H. 
Sharp.  London,  Macdonald,  1962.  61p.,  7/6.) 

CALCUL  SIMPLIFIE  DES  POUTRES  CONTINUES  DES 
PLANCHERS  MODEREMENT  SURCHARGES. 

In  France,  regulations  for  the  use  of  reinforced  concrete 
permit  two  methods  of  calculation  for  continuous  beams, 
one  by  Gaquot’s  method,  and  the  other  by  the  “règle  for- 
faitaire” for  floors  with  a moderate  load..  The  authors,  con- 
sulting engineers,  covered  Gaquot’s  method  in  a previous 
volume,  and  in  this  deal  with  “rules  B.A.  60”.  (M.  and  A. 
Reimbert.  Paris,  Eyrolles,  1961.  155p.,  25.35  NF.) 

*LES  TRAITEMENTS  DE  SURFACE  ET  LA  FINITION 
DE  l’aluminium  ET  DE  SES  ALLIAGES. 

Translated  from  tlie  second  English  edition,  tliis  x'olume 
is  a comprehensive  and  up-to-date  review  of  processes  for 
the  surface  treatment  and  finishing  of  aluminum  and  its 
alloys,  with  an  introductory  chapter  on  histou',  dex’elop- 
ment  and  corrosion.  The  composition  and  properties  of 
major  Briti.sh  and  U..S.  aluminum  alloxs  are  given  in  ap- 
pendix tables.  (S.  W'crnick  and  R.  Pinner.  Paris,  Exrolles, 
1962.  597p.,  91.35  NF.)  (Continued  on  page  96) 
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Better  Steel 
more  economically 


The  use  of  pure  oxygen  in  the  production 
of  steel  requires  the  designing  of  large 
refining  vessels  in  order  to  utilize  to  the  full 
the  economic  and  qualitative  advantages  of 
the  process.  We  have  contributed  considerably 
to  the  development  of  the  LD  and  LDAC 
processes  by  the  construction  of  modern 
crucibles  and  lance  installations. 

The  largest  LD  plant  in  Europe  with  two 
175-ton  LD  crucibles  has  just  been  completed. 

Further  information  may  be  obtained  from 

DEMAG  [ndustrial  Equipment  Ltd., 

2400,  Highway  122,  P.  O.  Box  1240  Clarkson 

DEMAG  AKTIENGESELLSCHAFT  DUISBURG  GERMANY 
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Pulverized  Coal 
Heavy  Oil 
Natural  Gas 
Anthracite 
Light  Oii 
Butane 

Bituminous  Coai 
CO  Gas 
Lignite 

Wood  and  Bark 
Biast  Furnace  Gas 
Bagasse 
Refinery  Gas 
Biack  Liquor 
Coke  Oven  Gas 
Sunfiower  Seeds 
Hydrogen 
Coffee  Grounds 


If  it’s  burnable,  Bailey  can  control  it 


No  matter  what  fuel  or  combination  of  fuels  you 
wish  to  fire,  Bailey  can  apply  controls  that 
maintain  maximum  safety  and  efficiency  — 
continuously  and  automatically.  A case  in 
point:  a large  western  oil  refinery,  where 
CO  gas.  Butane,  heavy  oil,  and  a mixture  of 
natural  and  refinery  gases  are  being  burned. 

Five  fuels  in  one  furnace!  Here,  Bailey  Con- 
trols maintain  desired  steam  pressure,  optimum 
combustion  mixtures,  and  maximum  safety  at  a 


times.  Analog  computers  compensate  for  the 
changing  heat  contribution  of  the  different  fuels, 
changes  in  fuel  specific  gravity,  and  for  sea- 
sonal variations  in  combustion  air  tempera- 
ture—from  -40°  to  +90°  F.  Regardless  of 
the  fuel  you  want  to  burn,  you  can  ensure 
complete  dependability  by  calling  on  experi- 
enced Bailey  engineers.  Offices  from  coast  to 
coast.  Or,  write  to  Bailey  Meter  Company  Limited, 
5010  St.  Catherine  St.  West,  Montreal  6,  Quebec. 
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• Discussion 

(Continued  from  page  47) 

8.  Effect  of  Creep 

Great  care  is  taken  in  conducting 
tests  to  allow  time  for  creep  to  occur, 
particularly  in  cases  where  instability 
is  important.  It  is  recognised  that  test- 
ing conditions,  under  which  loads  are 
gradually  increased,  but  never  de- 
creased, until  failure  takes  place,  are 
highly  artificial  and  not  at  all  repre- 
sentative of  real  conditions.  In  a struc- 
ture, subjected  to  decreasing  as  well 
as  increasing  loads,  creep  occurs  only 
at  the  maximum  loads  in  a sequence 
of  loads.  Actual  structures,  subjected 
to  loads  beyond  the  elastic  limit,  will 
creep  only  during  a period  when  the 
load  is  higher  than  any  previously 
applied  load.  It  is  therefore  mislead- 
ing to  claim  that  creep  is  of  central 
importance  in  the  behaviour  of  struc- 
tures beyond  the  elastic  limit.  The 
effect  of  creep  on  the  failure  load  of 
a structure  is  of  no  greater  order 
than  the  effect  of  natural  variations 
in  yield  stresses,  and  will  be  allowed 
for  by  the  usual  practice  of  taking  a 
lower  limit  for  the  yield  stress,  cor- 
responding to  a very  small  rate  of 
creep. 

9.  Frame  Instability 

This  is  a subject  which  is  now  re- 


ceiving considerable  attention.  Suf- 
ficient is  now  known'*  to  enable  those 
structures  which  are  likely  to  show 
any  significant  reduction  of  carrying 
capacity  due  to  frame  instability  to  be 
identified.  For  a remarkably  wide 
range  of  structures,  it  is  found  that 
strain-hardening  compensates  com- 
pletely for  frame  instability. 

10.  Plastic  Design  and  Plastic  Analy- 
sis 

Professor  Hrennikoff  states  that 
non-rigid,  as  opposed  to  rigid,  plastic 
theory  deals  only  with  design  and  not 
analysis.  This  is  not  really  so,  except 
possibly  for  the  case  that  deflexions 
may  become  critical  for  any  given 
structure.  If  deflexions  are  so  large 
that  the  basic  equilibrium  equations 
are  disturbed,  then  it  is  true  that  the 
simple  plastic  method  can  not  be 
used  to  give  a completely  accurate 
value  for  the  load  factor  against  col- 
lapse. If,  however,  deflexions  are 
within  the  normal  structural  toler- 
ances, then,  in  general,  the  predicted 
load  factor  will  be  correct. 

But,  if  plastic  theory  will  not 
“work”  for  a particular  structure  be- 
cause deflexions  are  large,  then 
neither  will  elastic  theory.  There  is 
no  simple  elastic  method  of  analysis 
known  to  us  which  can  accommodate 
gross  disturbance  of  equilibrium 


equations;  the  full  equations  must  be 
written,  and  probably  solved  on  an 
electronic  computer.  Once  again,  the 
problem  is  not  one  of  plastic  versus 
elastic  theory,  but  of  whether  the 
structural  model  accurately  represents 
reality. 

12.  Loading  Conditions 

The  author  quotes  a case  in  which 
the  removal  of  the  live  load  from  a 
beam  after  the  beam  has  been  sub- 
jected to  the  full  live  plus  dead  load 
results  in  the  aggravation  of  a column 
loading  condition.  He  argues  that  the 
probability  of  such  a sequence  is  the 
same  as  the  application  of  the  load  in 
the  first  place.  It  is  to  be  noted  how- 
ever that  the  full  carrying  capacity  of 
the  beams  having  been  reached,  the 
structure  has  in  fact  “failed”  under 
the  first  load  application.  The  tracing 
of  the  subsequent  behaviour  of  the 
frame  is  therefore  of  no  significance. 

It  is  acknowledged  that  the  load 
factor  criterion  is  not  of  itself  satis- 
factory — it  is  simply  the  expression 
of  an  overall  factor  of  safety.  The 
“collapse  load”  condition  is  a fictitious 
one,  since  is  in  fact  assumed  that  it 
will  not  be  reached  during  the  life  of 
the  structure.  It  is  equally  true  how- 
ever that  the  “working  load”  used  in 
ordinary  design  is  an  abstraction,  and 
is  again  a complex  function  of  safety 
( Continued  on  page  94) 
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BOOTH 


STEEL  ROLLING 
SHUTTERS 


The  BOOTH  Rolling  Shutters  shown  below  are  part 
of  an  installation  of  32  Shutters,  each  8' 6"  square  at 
the  New  Sufferance  Warehouse,  Montreal  for  Messrs. 
Smith  Transport  Ltd.  This  is  the  latest  repeat  order 
for  these  clients. 


JOHN  BOOTH  & SONS  (BOLTON)  LTD. 

Hulton  Steelworks,  Bolton,  England. 

Represented  in  Canada  by: 

•AVID  McGIU  & SONS  LTD.,  NORTHERN  ASBESTOS  & BUILDING 

16  St.  John's  Road,  Point  Claire,  SUPPLIES  (B.C.)  LTD., 

MONTREAL  33,  Que.  3455  Bainbridge  Avenue,  North 

HALLS  ASSOCIATES  (WESTERN)  LTD.,  Burnaby,  (VANCOUVER)  B.C. 

1045  Erin  'Street,  WINNIPEG  10,  Man.  technical  details  and  other 

NORTHERN  ASBESTOS  & BUILDING  Information  are  contained  In  our 
SUPPLIES  LTD.,  Catalogue,  available  free  on  request 

125th  Avenue,  EDMONTON,  Alta.  from  any  of  the  above. 


"CINCH" 

ANCHORS 

''STRONGER  THAN  THE  BOLT'' 


The  completely  reliable  expansion  An- 
chor manufactured  solely  in  Canada. 
Data  book  and  stress  tables  sent  on 
request. 

CANADIAN  CINCH  ANCHORING  SYSTEMS 
LIMITED 

2095  Madison  Avenue,  Montreal 
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Fan  cooling  for 
Increased  HP  Capacity 
is  Not  New  ...to  users  of 
Cleveland  Speed  Reducers 


As  far  back  as  1944,  Cleveland  Speedaire  Worm  Gear 
Reducers  (shown  in  both  the  announcement  ad  and 
cutaway  photo  below)  were  providing  industry  twice 
the  load  carrying  capacity  then  available  from  standard 
worm  gear  units  of  equal  frame  size.  Even  then,  it  was 
fan  cooling  that  did  the  trick — because  fan  cooling  was 
and  still  is  the  most  practical  method  of  heat  dissipation. 

On  the  new,  higher  horsepower  Cleveland’s  (shown  in 
top  cutaway  photo),  a small,  specially  designed  fan — 
equally  effective  in  either  direction  of  rotation — is 
located  on  the  worm  shaft’s  input  side.  Fan  size  and 
design  permit  a smooth,  more  effective  flow  of  air  be- 
neath, above,  and  around  all  sides  of  the  reducer. 

Mounting  the  cooling  fan  on  the  worm  shaft  INPUT 
end  is  a very  definite  Cleveland  advantage  for  when  the 


fan  is  mounted  on  the  opposite  side,  a second  oil  seal  is 
needed.  This  results  in  additional  friction  loss  due  to  seal 
drag — and  is  another  point  where  oil  leakage  could  occur. 

Remember,  it  was  Cleveland  design  engineers  who 
pioneered  both  fan  cooling  and  centrifugal  casting  of 
bronze  gears — and  after  sixteen  years  of  rugged  field 
usage  in  all  types  of  industrial  plants,  have  now  incor- 
porated these  features  in  all  units  (from  3 to  12-inch  cen- 
ters) of  the  new  standard  Cleveland  Speed  Reducer  line. 

Get  the  story  of  these  new  speed  reducers  from  your 
Peacock  representative,  or  write  today  for  free  36-page 
illustrated  Bulletin  No.  420  that  contains  complete 
engineering  information.  Either  way,  you  will  get  the 
answer  to  improved  speed  transmission  — at  savings 
of  50%  or  more  on  per  horsepower  cost! 


A 1944  CLEVELAND  AD 

“Announcing  A Fan-Cooled 
Worm  Gear  Speed  Reducer 
. . . SPEEDAIRE.’’ 


PEACOCK  BROTHERS  LIMITED 

P.O.  Box  1040  • Montreal  3,  Quebec 
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• Discussion 

(Continued  from  page  92) 


criteria.  The  advantage  of  the  load 
factor  method  is  that  the  resistance  of  j 
the  structure  is  correlated  directly  ' 
with  a real  material  property  — the  j 
yield  stress.  The  “safe  stress”  used  in  || 
combination  with  “working  loads”  is 
itself  an  obstruction  — and  the  safety  I 
of  the  structure  depends  not  on  one  I ^ 
obstruction,  but  on  two.  The  load  là 
factor  approach  is  more  rational  than  Wj 
the  safe  stress  approach,  and  this  is  T| 
demonstrated  by  its  increasing  adop-  j { 
tion  in  struetural  design  quite  apart  a ' 
from  its  use  in  connection  with  the  I ■ 
plastic  theory.  | 

14.  Advantages  vs.  Disadvantages  of  i 
the  Plastic  Theory  • 

Professor  Hrennikoff  states  that  j 

plastic  theory  claims  to  give  (a)  sim-  i 

plicity  of  design,  (b)  a more  realistic  j 

factor  of  safety,  and  (c)  better  ! k 
economy.  He  denies  these  claims  for  a 
other  than  simple  structures  not  sub-  i 
ject  to  instability.  ; 

When  buckling  may  occur,  plastic 
theory  becomes  less  simple.  But  it  |i 
does  not  become  complex  compared  \h 

with  an  elastic  theory  aiming  for  the 
same  realistic  factor  of  safety;  it  be- 
comes  complex  only  compared  with  iri 
simple  plastic  theory.  The  problem  p 

must  be  stated  in  the  right  terms.  If  J 
the  designer  wishes  to  design  a struc-  ll- 
ture  realistically,  and  economically,  ; , 

then  the  design  method  may  become  j : 
complex;  plastic  theory  is  essentially  ( 
realistic,  and  hence  almost  inevitably  ^ ■ 
economical.  While  elastie  theory  may  \ \ 
be  rational  as  applied  to  the  idealised  | ! 
model  of  the  structure,  elastic  design  i 
as  applied  to  the  real  structure  be-  | 
comes  largely  a collection  of  empiri- 
cal formulae;  the  more  empirical  the 
formulae,  the  less  realistic  will  be  the 
design,  and  the  worse  the  economy.  i 

Plastic  theory  attempts,  above  all,  j 
to  stand  fast  by  realism;  as  more  | 
complex  structures  are  designed,  so  f 
the  theory  becomes  less  simple.  But,  n 
at  the  first  sign  of  heavy  weather, 
elastic  theory  throws  realism  over-  || 
board,  in  an  attempt  to  conjure  the  ^ 
zephyr  calm  simplicity;  and  simplicity 
is  the  treacherous  song  the  Sirens  \ 
sing.  Çç  f 
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CANADIAN  KELLOGG  ENGINEERS  AND  BUILDS 


CANADA'S  NEWEST  ETHYLENE  PLANT 
FOR  SHAWINIGAN  CHEMICALS  LIMITED 


AT  VARENNES,  QUEBEC 


CONSTRUCTION 


Because  of  a desire  to  broaden  its  chemical 
activities,  Shawinigan  Chemicals  Limited  has 
embarked  upon  an  expansion  program  of  its 
facilities.  Canadian  Kellogg  has  been  chosen 
to  design,  engineer  and  construct  a new  petro- 
chemical plant  at  Varennes,  Quebec.  Con- 
struction work  is  now  starting  on  this  project, 
following  long  study  on  its  feasibility  and 


advantages.  Kellogg’s  design  will  allow  for 
wide  flexibility  in  operation  and  selection  of 
feedstocks  in  order  to  produce  ethylene,  pro- 
pylene and  other  products  basic  to  the  chem- 
ical industry. 

The  Shawinigan  Chemicals’  project  demon- 
strates the  advantages  of  efficiency  and  up- 
to-date  engineering  to  be  gained  when  full 
use  is  made  of  professional  design,  engineer- 
ing, procurement  and  construction  services. 
These  services  are  available  through  Canadian 
Kellogg.  We  welcome  your  enquiries. 


NEW  SHAWINIGAN  ETHYLENE  PLANT 

FEEDSTOCK 

Wide  range  of  naphthas  produced 
from  crude  oil.  Initially,  these  will  be 
supplied  by  The  British  American 
Oil  Company. 

PRODUCTS 

Ethylene,  propylene,  butylenes,  bu- 
tadiene, gasolines  and  fuel  oils. 

COMPLETION  DATE 

Early  1963 

KELLOGG 

RESPONSIBILITY 

Design,  procurement  of  materials, 
and  construction  of  olefin  unit,  as 
well  as  offsites,  roads,  railroad 
spurs,  buildings,  and  other  services. 
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What 
types  of 
businesses 
does  IDB 
help 
finance? 


Manufacturing  and  commercial  businesses  . . . 
wholesale  and  retail  trade  . . . primary  and  second- 
ary industry  . . . tourist,  recreational  and  service 
businesses  . . . construction  trades  . . . professional 
services  . . . transportation  . . . these  and  other 
types  of  businesses  can  obtain  financing  for 
various  purposes  from  the  Industrial  Develop- 
ment Bank. 

If  you  are  engaged  in  a business,  or  plan  to  start 
one,  and  required  financing  is  not  available  else- 
where on  reasonable  terms  and  conditions,  you 
are  invited  to  visit  an  I.D.B.  office,  write  for  a 
descriptive  booklet,  or  consult  your  auditor, 
lawyer  or  chartered  banker  for  information  re- 
garding IDB  services. 


INDUSTRIAL  DEVELOPMENT  BANK 

Regional  Offices:  ST.  JOHN'S,  Nfid.  ' HALIFAX,  N.S.  * MONCTON, 
SAINT  JOHN,  N.B.  ’ QUEBEC,  MONTREAL,  TROIS-RIVIERES,  P.Q.  • 
KITCHENER-WATERLOO,  OTTAWA,  TORONTO,  HAMILTON,  LON- 
DON, SUDBURY,  PORT  ARTHUR,  Ont.  • WINNIPEG,  Man.  ' 
REGINA,  SASKATOON,  Sask.  * CALGARY,  EDMONTON,  Alfa.  • 
VANCOUVER,  VICTORIA,  B.C. 


• Library  Notes 

(Continued  from  page  89) 

“influence  lines  for  continuous  beams  on 
ELASTIC  SUPPORTS. 


Equations,  tables,  and  graphs  are  presented  for  the 
reactions  of  continuous  beams  on  elastic  supports.  Beams 
with  constant  sections  only  are  covered.  Information  for 
beams  of  constant  span  length  from  two  to  twelve  spans  is 
given.  Influence  hne  data  is  also  given  for  variable  span 
lengths  for  two,  three,  and  four  span  beams.  All  tables  give 
eight  place  values,  and  are  sufficiently  accurate  to  develop 
influence  lines  for  moment  and  shear  at  any  point  along 
the  beam  with  sufficient  rehabihty.  (D.  A.  Firmage  and 
R;  H.  Chiu.  Provo,  Utah,  Brigham  Young  University,  1961. 
475p.,  $10.00.) 


“total  quality  control:  engineering  and 
management. 

Quality  control  is  reviewed  in  depth  from  the  point  of 
view  of  business  operations  and  the  kinds  of  engineering 
activities  that  must  be  carried  on.  Details  are  presented  on 
how  to  plan  a quality  control  system,  set  up  a suitable 
organizational  structure,  integrate  the  various  functional 
activities,  engineer  the  necessary  plans  and  controls,  and 
measure  the  result  in  terms  of  costs  and  product  quality 
levels.  A revised  edition  of  the  1951  publication  Quality 
Control.  (A.  V.  Feigenbaum.  Toronto,  McGraw-Hill,  1961. 
627p.,  $11.55.) 


“polymeric  materials. 

The  chemical,  physical,  and  engineering  principles  and 
applications  of  polymer  materials  are  presented  in  a com- 
prehensive fashion.  Beginning  with  polymer  chemistry, 
molecular  structure,  and  properties,  the  authors  continue 
with  fabricating  methods  and  appUcations,  all  involving 
fundamentals  common  to  a large  number  of  different  poly- 
mers. Specific  commercial  polymers  are  then  discussed  in 
detail.  (C.  C.  Winding  and  G.  D.  Hiatt.  Toronto,  McGraw- 
Hill,  1961.  406p.,  $12.60.) 

“dEH  STAHLHOCHBAU,  volume  1,  7th.  ED. 

Following  an  introductory  chapter  on  classification  of 
various  types  of  steel,  their  strength,  and  treatment,  the 
author  provides  detailed  information  on  the  design  and 
construction  of  different  kinds  of  beams,  columns  and 
structural  frameworks.  There  is  a separate  section  on  con- 
necting methods  in  steel  buildings:  bolts,  rivets,  welding, 
double-butt  strap  joints,  etc.  The  appendix  includes  nume- 
rical tables  and  examples.  (Ed.  by  Werner  Tramitz.  Berlin, 
Ernst,  1961.  297p.,  DM  39.60.) 


“die  kreiselpumpen  fur  flussigkeiten  und  gase. 

This  well-known  work  on  centrifugal  pumps  has  again 
been  considerably  revised  and  enlarged  to  include  the 
latest  results  of  hydrodynamics  research  and  practice.  It 
covers  both  liquids  and  gases,  and  in  addition  to  pumps, 
deals  with  ventilators,  blowers,  and  compressors.  A com- 
prehensive review  of  both  theory  and  design,  the  book 
is  well  suited  to  the  needs  of  practicing  engineers.  (Garl 
Pleiderer.  Springer-Verlag,  Berlin,  1961.  622p.,  DM  61.50.) 


STRUCTURAL  PROCESSES  IN  CREEP. 

The  report  of  a symposium  held  in  May  1961  by  the  Iron 
and  Steel  Institute  and  the  Institute  of  Metals,  contain- 
ing the  fifteen  papers  presented,  as  well  as  the  discussion 
they  aroused.  The  aim  of  the  symposium  was  to  bring  to- 
gether those  interested  in  fundamental  research,  and  those 
interested  in  the  practical  aspects  of  creep.  The  first  session 
covered  more  general  aspects  of  creep,  such  as  stress  sen- 
sitivity, the  relation  between  creep  and  fracture,  and  grain 
boundaries.  The  second  session  was  devoted  to  creep  in 
various  alloys,  while  the  third  was  concerned  with  creep 
in  steel.  (London,  Iron  and  Steel  Institute,  1961.  351p.,  65/-. 
I.S.I.  special  report  no.  70). 

(Continued  on  page  98) 
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) graders  work  side  by  side  shaping  windrows  for  processing  by  road  mixers. 


ilew  Brunswick  combines  SOIL-CEMENTand 

t 

'Paving  Train”  technique  to  compiete  2 MILES 


wertul  Pettibone-Wood  road  mixer  (above)  advancing  down  windrows.  Road- 
y material,  cement,  and  water  are  mixed  by  steel  arms  in  mixing  chamber, 
oad  out  behind. 


inpacting  and  levelling  of  location  with  10-ton  pneumatic  roller  (lielow). 


This  co-or(dinated  operation,  using  tandem  road-mixers  and 
graders,  enabied  New  Brunswick’s  Department  of  Public 
Works  to  lay  soil-cement  paving  of  5"-7"  thickness  at  the 
rate  of  at  least  two  miles  each  ten-hour  day.  A 5%%  cement 
content  mix  was  used  to  build  this  low-cost,  provincial- 
standard  roadway.  Frost-withstanding  soil-cement  made  with 
Canada  Cement  grows  stronger  with  the  years,  can  save  time 
and  money  on  roads  built  for  light  traffic. 

Minister  of  Public  Works:  Hon.  A.  F.  Richard 
Deputy  Minister:  W.  T.  Hargreaves 
Chief  Highway  Engineer:  R,  W.  Manzer 

For  technical  and  other  information,  just  attach  publication 
list  below  to  your  letterhead  and  mail. 

SOIL  CEMENT  CONSTRUCTION  HANDBOOK  • CEMENT  TREATED  SUBBASE 
SOIL  PRIMER  . SOIL  CEMENT  LABORATORY  HANDBOOK 
ESSENTIALS  OF  SOIL-CEMENT  CONSTRUCTION,  INSPECTION  FIELD  CONTROL 
SOIL-CEMENT  LOW  COST  PAVEMENT  FOR  PARKING  AND  STORAGE  AREAS 
SOIL-CEMENT  SHOULDERS  FOR  MODERN  HIGHWAYS 

CANADA  cement 

Canada  Cement  Company,  Limited 

PHILLIPS  SQUARE,  MONTREAL,  P.Q. 

©SALES  OFFICES:  MONCTON  • QUEBEC  • MONTREAL  • OTTAWA 
TORONTO  • WINNIPEG*  REGINA  * SASKATOON  • CALGARY  • EDMONTON 


NEW  FIBRE  GLASS 


Eslon 


ENGINEER'S  TAPE 


Tougher  than  steel 
Flexible  as  Fabric 


Modern  Eslon  Tape  Measures  are  made  of 
30,000  individual  lengths  of  Fibre  Glass 
and  coated  with  tough,  plastic  polyvinyl 
chloride  — to  give  you  a perfect 
combination  of  strength  and  flexibility. 
Eslon  Tapes  are  ideal  under  any 
conditions: 


• Consistent  accuracy  — wet  or  dry 

• Wear  resistant 

• Tape  and  fittings  non  rusting  — no  kinking  or 
cracking 

• Easily  cleaned  with  a damp  cloth  as  often  as 
necessary 

• High  electrical  insulation 

• Resistant  to  change  in  surrounding  temperatures 

Eslon  Tape  is  available  in  25',  50',  100',  graduated 
in  tenths  or  eighths. 


CARSEN  INSTRUMENTS 

LIMITED 

162  Bentworth  Ave.,  Toronto  19  RU  9-2681 


Library  Notes 

(Continued  from  page  96) 


FRANK  LLOYD  WRIGHT 

The  biography  of  a man  who  played  such  an  important 
part  in  American  architecture  for  almost  sixty  ye2irs,  this 
volume  tells  of  his  early  struggles  and  personal  tragedies, 
as  well  as  his  professional  achievements.  In  all  he  designed  ^ 
nearly  700  buildings,  and  illustrations  of  many  of  them  are 
included.  (Finis  Farr.  Toronto,  Saunders,  1961.  293p.,  $7.50.) 

SHIP  HULL  VIBRATION. 

Intended  for  the  practical  naval  architect  and  ship- 
builder, this  text  is  confined  to  a discussion  of  the  vibra- 
tion of  ships’  hulls.  Introductory  chapters  cover  the  vibra- 
tion problem  as  it  concerns  ships,  the  types  of  vibration 
and  their  causes,  and  the  mathematical  basis  of  the  prob- 
lem. The  methods  of  estimating  hull  frequencies  be  de- 
tailed calculation  and  empirical  formulae  are  described, 
and  compared  witlr  measurements  made  on  actual  ships. 
The  various  methods  of  preventing  and  curing  hull  vibra- 
tion are  covered,  including  changes  to  propeller  design, 
the  use  of  vibration  dampers,  neutralisers  and  elastic 
mountings.  The  use  of  computers  in  calculating  vibrabon 
frequencies  is  discussed,  and  the  available  data  on  recorded 
cases  of  ship  hull  vibration  are  included.  There  is  also  an 
e.xtensive  bibliography.  (F.  H.  Todd.  Toronto,  Macmillan, 
1961.  364p.,  $18.90.) 

“developments  in  mechanics,  VOL.  I. 

These  are  papers  given  at  the  Seventh  Midwestern  Me- 
clranics  Conference,  a combination  of  the  Seventli  Mid-  i 
western  Conference  on  Fluid  Mechanics  and  the  Fifth  Mid- 
western Conference  on  Solid  Mechanics.  (Ed.  by  J.  E.  Lay 
and  L.  E.  Malvern.  New  York,  Plenum,  1961.  622p., 
$21.00.) 

“mechanical  behavior  of  engineering  materials. 

The  microscopic  stress-strain  behavior  of  materials  under 
various  environments  encountered  in  modern  engineerin': 
applications  is  presented  in  this  text.  A considerable  amount 
of  important  new  material  is  included,  and  numerous 
references  are  given.  (Joseph  Marin.  Englewood  Cliffs, 
Prentice-Hall,  1962.  502p.,  $15.00.) 

“hydraulic  e.xtrusion  presses. 

An  English  translation  of  a 1959  Cerman  publication, 
this  volume  deals  with  the  basic  principles  for  determinin': 
the  rating  and  design  features  of  extrusion  presses  for  the 
manufacture  of  tubes,  cable  sheathing,  rods  and  wire  in 
nonferrous  metals.  It  also  traces  the  development  and  im- 
provement of  both  extrusion  techniques  and  machinery. 
Some  practical  examples  are  also  included.  (Ernst  Muller. 
Berlin.  Springer,  1961.  257p.,  DM  39.60.) 

LES  achats;  source  de  benefices. 

Originally  published  by  the  American  Management  As- 
sociation under  the  title  Purchasing  for  Profit,  this  volume 
emphasizes  the  importance  of  the  Purchasing  Department 
to  a company.  (Paris,  Dunod,  1962.  113p.,  11  NF.) 


''report  on  physical  properties  of  metals  and  alloys 

FROM  CRYOGENIC  TO  ELEVATED  TEMPERATURES. 

Physical-property  data  of  six  metals  and  their  alloy  sys- 
tems are  given,  specifically,  aluminum,  cobalt,  iron,  mag- 
nesium, molybdenum,  and  nickel.  Data  are  given  on  ther- 
mal conductivity,  linear  thermal  expansion,  specific  heat, 
electrical  resistivity,  density,  emissivity,  diffusivity,  and 
magnetic  permeability.  Emphasis  is  given  to  data  over  a 
range  from  cryogenic  (— 457°F)  to  elevated  temperatures 
(4500°F).  (Philadelphia,  American  Society  for  Testing 
Materials,  1961.  206p.,  $4.75.  s.t.p.  no.  296.) 

(Continued  on  page  100) 
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I AH  K 

ACT 


oiJalgary 


3 N.W.,  Alberta 
HS  AND  ENGINEERS: 

'■nn  and  Rule,  Calgary 
ftOR: 

I Dutton  Concrete  & Construction  Co, 
(gory 
CSULTANT: 

rjs  Testing  Laboratories  Limited,  Calgary 
FTRUCTURE: 
t Stadium 

R)F  FRANKI  UNITS: 

•jiki  Caisson-Piles 
N LOAD: 

^Maximum 

: CAISSON  - PILES: 

I Driven  Length  9'  8" 

> Concreted  Length  8'  4" 


Franhi  Caissons  Beat  Spread  Footings 


TYPICAL  SOIL  PROFILE 


l^PTION 


DEPTH 


CUT- 

OFF 

ELEVA, 


PENETRATION 

TEST 


Froblem: 

McMahon  Stadium  in  Calgary  was  conceived,  designed  and  constructed  in  a 
spirit  of  co-operation.  The  designers  were  faced  with  the  problem  of  erecting  a 
modern  athletic  stadium  in  a few  months  if  it  was  to  be  ready  for  the  opening 
game  of  the  1960  WIFU  Season. 

The  stadium  site  chosen  had  natural  bowl-like  contours  and  grading  proceeded 
prior  to  completion  of  superstructure  design.  The  soil  profile  indicated  fine  silty 
sands  of  medium  density  to  at  least  30  feet.  Average  grain  size  distribution  was 
63%  fine  sand,  28%  silt  and  9%  clay  sizes.  Random  silt  lenses  at  shallow  depths 
made  the  soil  susceptible  to  frost  action.  The  maximum  column  load  was  100  kips. 
Allowable  bearing  pressure  for  spread  footings  was  4000  pounds  per  square  foot. 

Solution: 


Franki  was  called  to  suggest  a foundation  solution  providing  speed,  economy  and 
guaranteed  performance.  Short  Franki  Caisson-Piles  — sometimes  called  pressure- 
injected-footings  — were  proposed.  The  Franki  proposal  required  end  bearing 
concrete  bases  in  the  fine  silty  sand,  2 feet  below  original  grade  or  8 feet  below 
finished  grade,  whichever  was  greater.  At  these  depths,  the  average  blow  count 
was  N = 40  and  the  average  moisture  content  was  5%.  One  caisson-pile  was  to 
be  used  per  column. 

A spread  footing  design  was  studied  and  rejected  because  it  did  not  fill  the  job 
need  with  regard  to  speed  and  economy  because  of  the  necessity  to  excavate, 
shore,  form  and  backfill. 

The  Franki  proposal  was  accepted.  The  construction  period  was  greatly  reduced, 
the  cost  of  foundations  was  lower  and  carrying  capacity  and  minimal  settlement 
were  guaranteed. 

As  a result,  Franki  of  Canada  finished  their  foundations  10  days  ahead  of  schedule 
and  contributed  to  the  success  of  the  entire  project,  which  was  completed  on  time 
for  the  opening  game. 


urafure-This  series  of  job  highlights,  as  well 
other  descriptive  literature,  will  be  sent 
you  upon  request  to  Franki  of  Canada  Ltd., 
^^han^lvdJVlontreanS^jQ^^^^ 


Head  Office:  187  GRAHAM  BLVD.,  MONTREAL  16,  P.Q. 
QUEBEC  OTTAWA  TORONTO  EDMONTON  VANCOUVER 


• Library  Notes  (Continued  from  page  98) 

“principles  of  electronic  warfare. 

“As  one  fights  fire  with  fire,  so  electronics  weapon 
systems  are  now  combated  with  electronic  countermeasures; 
hence,  the  concept  of  electronic  warfare.”  This  book  em- 
phasizes the  significance  of  the  electronic  elements  of  the 
weapon  system  in  supporting  the  military  mission  ratlier 
than  giving  detailed  analysis  of  specific  systems  and  pieces 
of  operational  equipment.  An  attempt  is  made  to  achieve 
a balance  between  the  technical  and  tactical  aspects  of 
the  problem.  Topics  treated  include:  electronic  recon- 
naissance, noise  jamming,  noise,  probability  and  informa- 
tion recovery,  radar  considerations,  antennas,  and  space 
missions  communications  and  reconnaissance.  (R.  J. 
Schlesinger,  and  others.  Englewood  Cliffs,  Prentice-Hall, 
1961.  213p.,  $8.00.) 


STRUCTURAL  ENGINEERING  CONFERENCE,  1961. 

PROCEEDINGS. 

This  conference  on  recent  developments  in  structural!! 
engineering  was  sponsored  by  the  Department  of  Civil 
Engineering  and  the  Department  of  Extension  of  the  Uni-I 
versity  of  Albefta.  Design  and  construction  in  both  steel 
and  concrete  were  covered.  Twenty-two  papers  in  all  were 
presented.  Those  on  structural  steel  emphasized  plastic 
design,  but  two  papers  were  included  on  welds  and  the 
brittle  fracture  of  steel.  The  papers  on  concrete  covered 
both  reinforced  and  prestressed  concrete  and  dealt  with 
such  topics  as  ultimate  strength  of  members,  reinforced 
concrete  columns,  lift-slab  construction,  shell  roofs,  load 
balancing  in  prestressed  concrete  design,  and  prestressed 
concrete  bridges  in  Alberta.  (Edmonton,  University  of 
Alberta,  Dept,  of  Extension,  1961.  various  paging,  mimeog., 

$8.00.)  m 


EIC  CERTIFICATE  OF  ADVERTISING  MERIT 


SIATER-HÜBBARD  C'vHouts  and  Lightning  Arresters 


Modem  tacillîîes,  processfag  " 
aquipteoet  sod 

networks,  ensure  tNdt  itest 
and  d ejjandsîîm  s rs  : 0 


WIRES  AND  CABLES 


oyncltk 


p.d.q:  conduit 


Assyres  pattriaftenb  low  coat  protection  for  underground  tables 


MATCKtat-S 


lOCàV  STOeiS! 
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Northern  Electric  Company  Limited  win: 
the  Monthly  Award  for  the  best  adver- 
tisement in  the  April  issue  of  The  Journa 
with  the  same  advertisement  that  won  ir 
October  1961  and  February  1962.  As  wf 
have  said  before,  this  serves  as  acknowl- 
edgement of  the  overwhelming  impact  oJ 
a 5-page  insert,  to  say  nothing  of  the 
quality  of  the  advertisement  itself. 


CANTROUGH  CASt.E  t«ouc5m 


SANGAMO  MfTERîs 


The  winning  advertisement,  headed  j 
“Serving  Canada’s  Power  Utilities”  wa£j 
a 2-colour,  5-page  insert  — the  odd  page; 
being  accounted  for  by  the  fact  that  the 
first  sheet  of  the  insert  had  an  extra 
half-page  gatefold.  The  first  page  was 
a title  page  only;  the  gatefold  featured 
the  men  and  services  behind  the  products, 
with  the  remaining  three  pages  devoted' 
to  hard-sell  copy  and  illustrations  on  a) 
variety  of  Northern  product  lines.  Thej 
second  colour,  blue  (green  was  used  inj 
the  October  insertion)  was  effectively; 
used  in  two  shades  to  make  a consider- 
able mass  of  information  appear  more 
readable. 


dvertising  Manager  for  Northern  Elec- 
ic  Company  Limited  is  E.  H.  Woodley.] 
he  advertising  is  placed  by  the  Montreal 
Efice  of  Foster  Advertising  Limited,, 
rank  Thompson,  account  executive-j 
oth  men  will  receive  a framed  award 
srtificate.  Judging  is  done  each  month 
y a different  panel  of  Journal  readers] 
cross  Canada,  with  nominations  re- 
uested  on  the  basis  of  ACCURACY  i 
STFORMATION  — ATTRACTION. 
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' (Continued  from  pa^c  84) 

3avid  W.  M.  Ross  has  been  elected  \hce- 
’resident  in  charge  of  international 
iperations  for  Joy  Manufacturing  Coin- 
pan^•.  He  ^^■ill  have  his  offices  at  the 
I'onipans’s  headquarters  in  Pittsburgh. 
\lr.  Ross  has  been  President  of  the  com- 
pany since  1958.  He  joined  the  Canadian 
'inn  in  1945  and  has  served  in  various 
apacities  prior  to  becoming  president. 

F.  H.  McLenaghan  has  been  elected 
President  of  Bumdy  Canada  Ltd.  Mr. 
McLenaghan  joined  the  company  in  New 
York  after  graduation  from  Yale  Uni- 
versity, then  returned  to  Canada  in  1949 
when  the  company’s  Canadian  Division 
was  organized.  He  became  general  man- 
jager  of  the  division  in  1952. 


iF.  H.  McLenaghan  L.  R.  Gaiennie 


;L.  R.  Gaiennie  has  been  appointed 
President  and  General  Manager  of  Howe 
I Richardson  Corporation,  Clifton,  N.J.  Mr. 
[Gaiennie  is  Senior  Vice-President  and  a 
I Director  of  the  Canadian  Fairbanks- 
j Morse  Company  Ltd.,  Montreal,  parent 
I organization  of  the  Howe  Corp.  The 
company  manufactures  a broad  line  of 
weighing  equipment  ranging  from  me- 
chanical scales  through  automatic  pro- 
cess and  materials  handling  equipment. 

i R.  E.  Kidder  has  been  appointed  direc- 
j tor  manufacturing.  North  America  for 
j Massey-Ferguson  Limited.  Formerly  gen- 
j eral  factory  manager  of  the  company’s 
I tractor  assembly  plant  in  Detroit,  Mr. 
I Kidder  entered  the  farm  machinery  in- 
I dustry  in  1945  as  manufacturing  engi- 
neer for  Harry  Ferguson  Inc.,  Detroit. 
He  joined  Massey-Ferguson  in  1956.  Mr. 
Kidder’s  offices  will  be  located  in  Tor- 
] onto. 

! 

John  W.  Chapman  has  been  appointed 
I Vice-President  and  General  Manager  of 
Joy  Manufacturing  Company’s  opera- 
tions in  Canada.  Mr.  Chapman  has  for 
the  past  three  years,  been  General  Man- 
ager of  the  Craig  Bit  Co.,  a Joy  con- 
trolled company,  and  will  now  be 
re.spon.sible  for  all  Joy  Canada  divisions. 


John  Kazakoff  has  been  elected  a Direc- 
tor of  International  Power  Company, 
Limited.  Mr.  Kazakoff  has  been  associ- 
ated with  the  company  since  1938  and 
has  been  an  Assistant  Vice-President 
since  1960.  He  is  also  a Director  and 
Vice-President  of  Bolivian  Power  Com- 
pany, Limited. 


Professor  L.  G.  Soderman  of  the  Uni- 
versity of  Western  Ontario  has  joined 
the  fiiTn  of  H.  G.  Colder  & Associates 
Ltd.  as  a Director.  He  will  continue  his 
duties  at  the  University  and  work  with 
the  firm  as  his  teaching  and  research 
permit. 

R.  S.  Hughes  has  been  named  general 
manager  of  Union  Carbide  Canada 
Limited’s  Chemicals  and  Plastics  Divi- 
sion. Mr.  Hughes  succeeds  H.  L.  Reich- 
art,  Jr.,  who  became  director  of  pro- 
duction. 


G.  P.  McAdams  has  been  appointed 
E.xecutive  Vice  President  in  charge  of 
Sales,  and  Assistant  to  the  President  at 
the  Josam  Products  Limited  and  Af- 
filiated Companies.  Mr.  McAdams  has 
been  with  the  companies  since  1957. 

Lucien  J.  Charton  has  been  appointed 
secretary  of  the  Canadian  Division,  Com- 
pressed Gas  Association,  the  technical 
association  of  companies  in  the  com- 
pressed gas  and  associated  industries.  Mr. 
Charton,  retired  from  Canadian  Liquid 
Air  Company  Limited  after  45  years 
service. 


Lyman  C.  Thunfors  has  been  elected  a 
member  of  the  Board  of  Directors  of 
Jenkins  Bros.  Limited.  Mr.  Thunfors  is 


also  Vice-President  and  Director  of  the 
company’s  branch  in  New  Jersey. 

Samuel  Fingold  has  been  appointed  a 
Director,  Chairman  of  the  Board  and 
President  of  the  Slater  Steel  Industries 
Limited.  Other  company  appointments 
include:  L.  N.  Watt,  Director  and  Vice- 
President  of  the  Board;  H.  W.  Owens, 
Director  and  Executive  Vice-President; 
W.  S.  Craig,  Director  and  President  of 
the  Stamped  and  Enamelled  Ware  Divi- 
sion; Harvey  Fingold,  Vice-President  and 
Comptroller;  R.  A.  Kingston,  Secretary 
and  J.  S.  Spearing,  Treasurer. 

William  F.  Lewis  has  been  elected  chair- 
man of  the  board  of  directors  of  Mont- 
real Locomotive  Works,  Limited.  A 
former  president  of  the  company,  Mr. 
Lewis  is  executive  vice-president  and 
director  of  Alco  Products  Inc.,  New  York. 
Mr.  Lewis  first  became  associated  with 
Alco  Products,  MLW’s  affiliate  in  the 
United  States  in  1934. 

A.  Pawliuk  has  been  appointed  manager 
of  manufacturing  at  Canadian  Westing- 
house’s  distribution  apparatus  division. 
Mr.  Pawliuk  has  held  several  manufac- 
turing supervisory  posts,  the  most  recent 
being  general  superintendent  at  the  Lon- 
don, Ont.,  plant  of  the  company.  R.  A. 
Gilmour  has  been  appointed  product 
sales  manager  at  the  division.  Mr.  Gil- 
mour was  previously  marketing  super- 
visor. §|ig 
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Consulting  Services 


ÜJichjmi 


LIMITED, 


BURLINGTON,  ONTARIO 

Specializing  in  water  treatment,  petroleum 
inhibitors,  fuel  catalysts,  papermaking  chemicals 
and  allied  metallographic,  microbiological 
and  other  services. 


ASSOCIATED  ENGINEERING  SERVICES  LTD. 

Consulting  Engineers 

MUNICIPAL  SANITARY 

INDUSTRIAL  STRUCTURAL 

Surveys,  Town  Planning,  Reports,  Supervision 

REGINA  EDMONTON  VANCOUVER 

1233  Winnipeg  Si.  12225-105  Avenue  2256  West  12th  Avenue 


BEAUCHEMIN 


CONSULTING 


BEATON  - LAPOINTE 


ENGINEERS 


Reports  • Estimates  • Design  • Construction  Supervision 
for  public  works,  municipalities,  and  industry 


6655  COTE  DES  NEIGES  ROAD  MONTREAL  26,  CANADA 

REgent  1-8521 


CANADIAN  BRITISH  ENGINEERING 
CONSULTANTS 

Water  Supply  and  Purification 
Sewerage  and  Sewage  Disposal 
Treatment  of  Industrial  Wastes 
Harbour  and  Rivers  Engineering 

Toronto  19,  Ont.  Ottawa,  Ont.  Halifax.  N.S. 

3089  Bathurst  St.  46  Elgin  St.  513  Barrington  St. 

St.  John's  Nild. 

191  Water  St. 


C.  D.  CARRUTHERS  & WALLACE, 
CONSULTANTS  LIMITED 

92  Yorkville  Avenue 
Toronto  5 

Consulting  Structural  Engineers 


CARTIER,  COTE,  PIETTE, 
BOULVA,  WERMENLINGER  & ASSOCIÉS 

Consulting  Engineers 

Hydro-electric  Developments  — Public  Works 
Railways  and  Highways  — Soil  Investigations  — Surveys 

Reports,  Design  and  Construction  Supervision 

366  Lafleur  Avenue  Lasalle,  Montreal  32,  Que. 

DOminic  6-2870 


COODE,  BINNIE  & PREECE 

Consulting  Civil  Electrical  & 
Mechanical  Engineers 

Reports,  Designs,  Supervision,  Docks  & Harbours: 
Bridges:  Water  Supply  & Drainage:  Flood  Protection  & 
Irrigation:  Sewerage  Schemes:  Hydro-Electric  & 
Thermal  Power. 

36  Roxborough  Apartments,  Ottawa  4,  Ontario 

Telephone:  Central  4-4674 


G.  E.  CRIPPEN  & ASSOCIATES  LTD. 

Engineering  Consultants 

Investigations,  Designs,  Supervision 
Hydro  Electric  Developments,  Water  Supply  Projects 
Industrial  Structures,  Bridges,  Dams,  Electric  Power 
PHOTOGRAMMETRIC  and  AERIAL  SURVEYS 

207  West  Hastings  Street  Vancouver,  Canada 


EDGAR  A.  CROSS  & ASSOCIATES 

Consulting  Engineers 

Q INDUSTRIAL  PLANT  DESIGN 

2510  YONGE  STREET,  TORONTO  HU.  1-1139 


DE  LEUW,  GATHER  & COMPANY 
OF  CANADA  LIMITED 

Consulting  Engineers 


• Roads  & Bridges 

• Traffic  & Parking 

• Municipal  Works 

OTTAWA 


TORONTO 


• Public  Transit 

• Railroads 

• Harbours 

ST.  JOHN'S 


Dilworth  Secord  Meagher  & Assoc. 

LIMITED 

Consulting  Engineers 

SPECIAL  MACHINERY  & EQUIPMENT,  CONTROLS, 
RESEARCH  FACILITY  PLANNING,  TURBO  AAACHINERY, 
NUCLEAR  ENGINEERING,  AIR  POLLUTION. 

Analyses  • Experimentation  • Design  • Supervision 
4214  DUNDAS  ST.  W.  TORONTO  18,  ONTARIO 


V.  DOLMAGE  & D.  D.  CAMPBELL 

Engineering  and  Mining  Geologists 
Foundations,  tunnels,  dam  sites,  ground  water 
and  mining. 


1119  Marine  Bldg. 


Vancouver,  B.C. 


Telephone:  MUtual  5-9736 
5-0936 


Denotes  Membership  of  a Principal  in  the  Association  of  Consulting  Engineers  of  Canada 


104 


Consulting  Services 


r 


RACEY,  MacCALLUM  and  ASSOCIATES 

LIMITED 

A company  owned  and  operated  by 

CONSULTING  ENGINEERS 

Civil,  Electrical,  Mechanical 
Metallurgical,  Soils 

MONTRE7V1,  TORONTO  OTTAWA 


RIPLEY,  KLOHN  & LEONOFF 

LTD. 

Consulting  Engineers 

SoU  Mechanics  and 
Foundations 

1930  WEST  BROADWAY  VANCOUVER  9,  B.C. 


S.  E.  M.  PROSPECTING  LIMITED 

Depth  to  bedrock  determination  by  the 

SEISMIC  REFRACTION  METHOD 

for 

Dam  and  Power  Station  locations:  Rock  Tunnels: 
Harbour  Constructions  and  Canals:  Larger 
Building  Sites,  etc.,  etc. 

506  St.  Catherine  Street  E.,  Montreal  24 
Phone:  Victor  9-9252 


Siadler^  Hurter 

& Company 

CONSULTING  ENGINEERS 

Municipal,  Commercial,  Industrial, 
Process  and  Power,  Engineering 
and  Design. 

St.  Catherine  Street  West,  Montreal 

NEW  YORK  • MEXICO  CITY  • PARIS  • ZURICH 


1501 


SWAN,  WOOSTER  ENGINEERING  CO.  LTD. 

CONSULTING  ENGINEERS 

HARBOUR  WORKS  • INDUSTRIAL  PLANTS  • BRIDGES 
HYDRO-ELECTRIC  • STRUCTURAL  DESIGN 
Surveys  * Reports  • Design  • Supervision 

1334  W.  Pender  St.  520  S.W.  Yamhill  St.,  1665  Third  Ave., 
Vancouver  5,  B.C.  Portiand  4,  Oregon.  Prince  George,  B.C. 


B.  B.  TORCHINSKY  & ASSOCIATES  LTD. 

PROFESSIONAL  CONSULTING  ENGINEERS 

• Foundation  Site  Investigations  • Highway  Design  & Inspection 

• Materials  Testing  Laboratory  • Asphalt  Mix  Designs 

• Concrete  Testing  & Inspection 
Drilling  Rigs  Located  Throughout  Western  Canada 

HEAD  OFFICE 

SASKATOON,  SASKATCHEWAN 
121  - 105th  ST.  EAST 

REGINA  EDMONTON  WINNIPEG 


UNDERWOOD,  McLELLAN  & ASSOCIATES  LTD. 


Consulting  Professional  Engineers 


Calgary  - Regina  - Saskatoon  - W innipeg 

• 

MUNICIPAL  • INDUSTRIAL  • STRUC- 
TURAL • MECHANICAL  • ELECTRICAL 
• CIVIL  • LAND  SURVEY  and 
COMMUNITY  PLANNING 


Partners  in 


GIBB,  UNDERWOOD  & McLELLAN 
Ottawa,  Toronto  and  Vancouver 


VANCE,  NEEDLES,  BERGENDOFF  & SMITH,  LTD. 

CONSULTING  ENGINEERS 

EXPRESSWAYS  • BRIDGES  * AIRPORTS 

Location  and  Cost  Studies,  Designs,  Plans,  Specifications 
Supervision  of  Construction 

35  SPRINGBANK  AVE.  WOODSTOCK,  ONTARIO 


W.  L.  WARDROP  & ASSOCIATES 

(Management)  Ltd. 

ENGINEERING  CONSULTANTS 


Design  and  Inspectional  Services  for 
Municipal,  Structural,  Mechanical 
and  Electrical  Engineering  Projects. 

456  Notre  Dame  Avenue,  47  N.  Cumberland  Street, 

Winnipeg  2,  Manitoba.  Port  Arthur,  Ontario 


THE  WARNOCK  HERSEY  COMPANY  LTD. 

Consulting,  Inspection,  Expediting, 
Testing. 

Mechanical,  Electrical,  Civil  Inspections  e Soil  Mechanics 
and  Site  Investigations  • Chemical  and  Physical  Tests  • 
X'Ray  and  Ultrasonic  Examinations  e Research  • Industrial 
Appraisals  and  Surveys  e Expediting. 

Head  Office:  128  Elmslie  Street,  Montreal  32,  P.Q. 

Branch  offices:  St.  John's,  Nfld.,  Sydney,  Halifax,  Trenlon, 
N.S.,  Saint  John,  N.B.,  Montreal,  Ottawa,  Peterborough, 
Toronto,  Hamilton,  London,  Windsor,  Saull  Ste.  Marie, 
Winnipeg,  Regina,  Edmonton,  Vancouver. 


WIGGS,  WALFORD,  FROST  & 
^ LINDSAY 

Consulting  Engineers 


INDUSTRIAL  SURVEYS,  REPORTS  AND  APPRAISALS 
CIVIL,  ELECTRICAL  AND  MECHANICAL  ENGINEERING 
DESIGNS,  SPECIFICATIONS  AND  SUPERVISION 


TORONTO  MONTREAL  OTTAWA 

Hudson  1-6496  HUnter  1-7741  CEntral  6-5371 


WOOD,  McADAM  & MAGOR 

Consulting  Engineers 

STRUCTURAL  - MECHANICAL  - ELECTRICAL 
DESIGNS,  SPECIFICATIONS  and  SUPERVISION 

4444  SHERBROOKE  ST.  WESTMOUNT,  P.Q. 
WE:  5-8587-8588 


Denotes  Membership  of  a Principal  in  the  Association  of  Consulting  Engineers  of  Canada 
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Air  Moving  & Conditioning  Association  

Alchem  Limited  

Allen  Sons  & Company  Ltd.,  W.  H 

Algoma  Steel  Corporation  ltd..  The  

American  Air  Filter  of  Canada  ltd 

Armco  Drainage  & Metal  Products  of  Canada  Ltd. 


81  Marion,  Marion,  Robic  & Bastien  

104  Marshall,  Macklin,  Monaghan  Ltd 

10  Moffat,  0.  G.  Limited  

17  Monarch  Machinery  Co.  ltd 

6 Moody,  Moore  & Partners  

22  Morrison,  Hershfield,  Millman  & Huggins  ltd. 


\'i 

j I 


106  : . 
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106 
94' 
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B 


Babcock,  Wilcox  & Goldie  McCulloch  Ltd 13 

Bailey  Meter  Co.  Ltd 91 

Booth,  John  & Sons  (Bolton)  Ltd 92 


C 


Canada  Cement  Company  Ltd 97 

Canada  Creosoting  Company  Ltd 83 

Canada  Foundries  & Forgings  limited  25 

Canada  Pumps  Limited  19 

Canada  Wire  & Cable  Company  Ltd 77 

Canadian  Allis-Chalmers  Limited  26,  27 

Canadian  Blower  & Forge  Company  Limited  19 

Canadian  Cinch  Anchoring  Systems  Ltd 92 

Canadian  Ingersoll-Rand  Co.  Ltd OBC 

Canadian  Kellogg  Company  Ltd.,  The  95 

Canadian  Vickers  limited  1 
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When  you  buy  a boiler,  you  buy  heating 
surface.  Other  features  look  after  conven- 
ience of  operation,  long  term  dependability 
. . . but  heating  surface  is  the  major  factor 
governing  the  efficiency  of  the  boiler,  and 
the  ultimate  cost  of  every  pound  of  steam. 
That  is  why  Inglis  designers  pack  up  to 
10  %moreheatingsurface  than  other  boilers 
into  the  ‘PK’  package.  That  is  how  they 
achieve  thermal  efficiency  of  up  to  84  %! 

As  for  those  “other  features”,  Inglis  ‘PK' 


Steam  Generators  are  designed  with  fully 
automatic  or  semi-automatic  controls  for 
use  with  liquid  and  gaseous  fuels.  Integ- 
rally mounted  burner  and  control  system 
are  piped,  wired  and  tested  at  the  factory. 
Completely  water-cooled  walls  and  steel 
jacketed  insulation  keep  heat  losses  to  a 
minimum.  Since  the  stack  is  mounted  on 
the  boiler  no  floor  space  is  lost. 

Inglis  engineers  welcome  all  enquiries  for 
efficient,  low  cost  steam  generation. 


Z.162 


TYPE  TK’  STEAM  GENERATORS  i 

JOHN  INGLIS  CO.  LIMITED  | 

TORONTO  MONTREAL  WINNIPEG  CALGARY  VANCOUVER  | 
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IN  THIS  ISSUE 


John  V.  Hayward,  Welding  and  Quality  Control  Engineer, 
Alberta  Branch,  Dominion  Bridge  Co.  Ltd.,  in  his  paper 
entitled  “The  Practical  Use  of  Non-destructive  Testing 
and  Quality  Control  for  Welded  Steel  Structures", 
e.xamines  the  basic  principles  and  the  problems  involved 
in  setting  up  a weld  testing  and  quality  control  program 
suitable  for  use  in  the  construction  of  large  steel  weld- 
ments. 

The  need  for  quahty  control  is  explained,  and  to  illus- 
trate the  current  trends,  examples  are  taken  from  various 
sections  of  the  welding  industry,  and  the  more  important 
Codes  are  discussed.  The  Plate  Girder  Highway  Bridge,  at 
Edmonton,  an  all-welded  Rigid  frame  building  at  Regina, 
and  the  S.P.C.  Head  OlBce  building  at  Regina  are  de- 
scribed and  details  of  the  non-destructive  testing  employed 
are  given. 

The  established  systems  of  non-destructive  weld  testing 
are  described,  together  with  an  outline  of  their  particular 
areas  of  usefulness,  and  their  current  state  of  acceptance. 
It  is  suggested  in  this  paper  that  none  of  the  N.D.T. 
systems  now  available  can  fully  satisfy  our  present  inspec- 


tion requirements,  and  that  tire  best  results  have  been  ob- 
tained when  a number  of  the  systems  are  used,  each  in 
the  particular  situations  that  are  most  favourable  to  their 
physical  properties. 

The  dependence  of  the  N.D.T.  systems  of  today  upon 
the  skill  of  the  technicians  employed  in  their  use  is  dis- 
cussed in  detail. 

In  their  paper,  “Kemano  Tunnel  Operation  and  Mainten- 
ance”, J.  B.  Cooke,  Consulting  Engineer,  (Dams,  Tunnels, 
Hydroelectric  Projects),  J.  W.  Libby,  Assistant  Chief  En- 
gineer & Vice  President,  G.  E.  Crippen  & Associates  Ltd., 
West  Vancouver,  and  J.  T.  Madill,  Assistant  Manager, 
Power  Division,  Operations,  Aluminum  Company  of  Canada 
Limited  give  the  operating  and  history  of  the  Kemano 
Tunnel  from  its  in-service  date  of  July,  1954,  until  the 
present.  Special  tests  before  draining  in  1961  are  de- 
scribed. The  maintenance  and  repair  program  carried  out 
from  June  19  to  September  11,  1961,  is  outlined  from  the 
points  of  view  of  design,  organization  and  e.xecution.  Final- 
ly, operating  results  are  shown. 


COVER  ILLUSTRATION 

The  lead  paper  in  this  issue  of  the  Engineering  Journal  inspects  non-destructive  testing  and  quality 
control  for  welded  steel  structures.  Symbolizing  this  is  the  cover  photograph  of  the  half  hooded  welder 
and  his  work.  (Photo  courtesy  Dominion  Bridge  Company,  Ltd.) 


URSI  - IRE  MEETING 
OCTOBER  15-17,  OTTAWA 

Sponsored  by:  URSI  National  Committees  of  United  States  & Canada 

and  IRE  Professional  Groups 

Antennas  and  Propagation 
Circuit  Theory 
Information  Theory 
Instrumentation 

Microwave  Theory  and  Techniques 
Geoscience  Electronics 

First  Announcement  and  Call  for  Papers 

Commission  1 — Radio  Measurement  Methods  and  Standards 

Commission  2 — Tropospheric  Radio 

Commission  3 — Ionospheric  Radio 

Commission  4 — Magnetospheric  Radio 

Commission  5 — Radio  Astronomy 

Commission  6 — Radio  Waves  and  Circuits 

Commission  7 — Radio  Electronics  (Sponsored  by  Canadian 

Commission  only) 

Abstracts 

Deadline  for  submission  of  200-word  abstracts  is  15  August. 

Mail  abstracts,  in  duplicate,  to: 

Dr.  J.  H.  Chapman, 

URSI  Program  Chairman, 

Defence  Research  Telecommunications  Establishment, 

Shirley  Bay, 

Ottawa,  Ontario,  Canada 

Authors  should  indicate  to  which  commission  papers  are  tendered,  but  they  should  not  be  sent  to  tlie 

commission  chairmen. 
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Two  new  books 

for  Architect  • Engineer  • Specification  Writer 
Draughtsman  • Student 

BOOK  ONE  BOOK  TWO 


STRUCTURAL  STEEL  MATERIAL 
SPECIFICATIONS  ...  118  PAGES  . . . $2.00 

Contains  material  specifications,  notes  on  the 
selection  of  structural  steels  and  the  effects  of 
alloying  elements,  metallurgical  aspects  of  mill 
pricing  and  much  more. 


AVAILABLE  SOON 

BOOK  THREE:  Structural  Steel  for  Buildings 
(includes  load  tables  and  design  aids). 


PROPERTIES  OF  SHAPES,  PLATES,  BARS  AND 
TUBES  ...  160  PAGES  . . . $3.00 

A comprehensive  study  including  elastic  and 
plastic  moduli  tables,  standard  welded  plate  gird- 
ers and  columns,  beam  diagrams  and  formulae, 
weights  of  materials,  etc. 


IN  PREPARATION 

Welding  of  Structural  Steel. 

Design  of  Structural  Steel  for  Highway  Bridges. 


I 


Î 


I 


BOOKS  ARE  CLOTH 
BOUND,  SPECIALLY 
COMPILED  BY  THE 
ENGINEERING  STAFF 
OF  CISC  TO  PRO- 
VIDE  THE  MOST 
UP  TO  DATE  INFOR- 
MATION ON  THE 
LATEST  CANADIAN 
PRACTICES  IN  FAB- 
RICATED  STEEL 
CONSTRUCTION. 

MAIL  THIS  ORDER  FORM  TODAY 
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TO  A SOUTHERN  ONTARIO  OIL  REFINERY. . . 


HORTON  ENGINEERS 
CAN  HANDLE  ANY 
STEEL  PLATE 
REQUIREMENT! 

Whether  the  location  is  at  the  end  of  a dog-sled  run  or 
just  around  the  corner,  Horton  engineers  will  go  there 
and  do  the  job.  From  the  simplest  erection  job  to  a vast 
technical  complex,  Horton  will  engineer,  fabricate,  and 
erect  any  kind  of  steel  plate  structure  to  any  require- 
ment, anywhere.  Horton's  high  standards  of  engineer- 
ing are  providing  numerous  installations  right  across 
Canada  with  steel  plate  structures  fabricated  to  the 
most  precise  specifications.  Whatever  your  problem, 
large  or  small,  no  matter  where,  if  it  can  be  solved  by 
the  design,  fabrication  and  erection  of  steel  plate,  call 
Horton  today. 

HSW-623 

HORTON  STEEl 

LIMITED 

25  ADELAIDE  STREET  WEST,  TORONTO,  ONTARIO 

Plants  and  Offices  throughout  Canada 

TANKS  AND  STEEL  PLATE  WORK  FOR  ANY  INDUSTRIAL  ASPECT 
. . . IN  CARBON  STEEL,  SPECIAL  METALS  OR  COMPOSITES. 
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MR.  MEMBER! 

ABOUT  THAT  EEE  INCREASE 


MR.  MEMBER,  THE  DECISION  IS  YOURS.  Your  Council  has  carefully  investi- 
gated all  our  operations  and  has  recommended  the  fees  increase  which  is  before  you  for 
action.  Your  Finance  Committee  has  presented  the  facts.  I wish  to  fill  you  in  on  the 
background  which  you  may  need  to  fully  appreciate  why  we  are  asking  you  to  vote 
in  favour  of  the  proposed  by-law  amendment. 

In  doing  so,  you  are  being  asked  to  vote  in  favour  of  a modest  fees  increase, 
which  vour  Council  deems  adequate.  It  is  neeessarv  if  vour  Institute  is  to  eontinue 
to  serve  you.  THE  TOTAL  AMOUNT  OF  THE  FEE  FOR  A RESIDENT  MEMBER, 
AS  I HAVE  INDICATED,  WILL  WORK  OUT  TO  LESS  THAN  10  CENTS  PER 
DAY. 

Can  you  afford  to  do  anything  other  than  vote  YES? 


One  of  the  most  important  issues  currently  before 
the  EIC  is  the  fees  increase  whieh  Council  adopted 
at  its  meeting  of  February  3,  1962,  in  the  following 
terms: — 

“THAT  Council  make  it  known  to  the  membership 
that  it  is  in  favour  of  a general  increase  in  fees,  as 
shown  in  the  following  schedule,  and 

Branch  Non-Residents 

All  Branch  Residents  and  Non-Residents 

$24.00  Fellows  $22.00 

24.00  Members  22.00 

14.00  Associate  Members  12.00 

3.00  Students  3.00 

25.00  Affiliates  23.00 

THAT  its  decision  be  made  known  to  the  member- 
ship in  the  Engineering  Journal,  and 
THAT  it  advises  the  membership  of  its  intention 
to  present  a notice  of  motion  for  the  above  increase 
in  fees  at  the  1962  Annual  General  Meeting.” 
Details  were  made  known  to  you  in  a graphic 
leaflet  mailed  to  all  members  about  May  1st.  This 


leaflet  indieated  the  following  signifieant  facts  for  the 
year  ending  Deeember  31st,  1961: — 

1.  Our  total  income  averaged  $9.59  per  member, 
made  up  of: — 


Fees  from  members  . $8.73 

Revenue  from  investments  0.56 

Miscellaneous  0.30 


$9.59 

You  might  assume  that  you  could  easily  check  the 
revenues  from  membership  fees  by  taking  the  number 
of  members  in  the  several  categories  at  Deeember 
31st,  1961,  and  multiplying  these  by  the  correspond- 
ing fees.  This  is  not  so.  Among  the  reasons  this  does 
not  work  out  this  way  is  that  the  number  of  members 
paying  fees  during  a given  year  does  not  coineide 
with  the  numbers  of  members  in  the  same  categories 
at  the  end  of  the  year.  Some  members  are  laggard  in 
payment  of  fees.  Moreover,  there  are,  in  some  in- 
stances, losses  associated  with  resignations.  Finally, 
the  average  fees  received  from  members  resident  in 
provinces  where  there  are  co-operative  agreements  in 
force  are  influenced  by  the  terms  of  the  specific 
agreements. 
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2.  Our  expenditures  amounted  to  $12.76  per  mem- 
ber, arising  as  follows: — 

Administration  (general  services,  communica-  $7.01 
tions,  etc.,  for  benefit  of  members) 


Direct  services 4.26 

Deficit  from  publications  0.43“ 

Building  and  rental  0.62 

Confederation  expenses 0.44 


$12.76 


“The  Engineering  Journal  is  self-supporting.  The 
deficit  of  $0.43  arises  from  publications  other  than 
the  Engineering  Journal. 

3.  You  will  see  that  the  deficit  amounted  to  an 
average  of  $3.17  per  member. 

The  Chairman  of  the  Finance  Committee,  \uce- 
President  G.  N.  Martin,  at  the  request  of  Council  pre- 
pared a series  of  statements  which  I hope  each  of  you 
have  read.  These  statements  are: — 

a.  “Basic  Facts  behind  a Fee  Increase”.  The 
Engineering  Journal  for  March,  p.  96. 

b.  “Your  Professional  Future”.  The  Engineering 
Journal  for  April,  p.  174. 

c.  “To  Mr.  EIC  — Member  and  Associate  Mem- 
ber”. The  Engineering  Journal  for  May,  p.  69. 

d.  “Where  the  Dollars  Go”.  The  Engineering 
Journal  for  June,  p.  141. 

e.  “Need  We  Say  More?”.  The  Engineering  Journal 
for  July,  p.  71. 

Discussions  with  some  of  your  Branch  Executives 
and  with  members  have  indicated  a need  for  clarifica- 
tion and  emphasis  on  certain  aspects.  It  is  my  hope 
this  discussion  will  clear  up  these  areas  of  uncertainty 
for  you,  because  it  is  essential  that  every  member 
clearly  understands  the  issues  at  stake.  Gouncil’s  de- 
cision was  taken  after  extremely  careful  deliberation. 
The  presentations  by  the  Ghairman  of  the  Finance 
Gommittee,  to  which  attention  has  been  drawn,  were 
developed  to  give  effect  to  the  decision  of  Gouncil. 
However,  the  ultimate  responsibility  rests  with  you  as 
members.  I hope  you  will  carry  out  your  responsibility 
in  the  appropriate  manner  when  the  ballot  on  by-law 
changes  is  mailed  to  you. 

If  you  look  at  the  statement  of  Revenues  and  Ex- 
penditures for  the  year  ended  December  31st,  1961, 
which  appeared  in  the  Annual  Report  published  in 
The  Engineering  Journal  for  April,  1962,  you  will  note, 
if  revenues  from,  and  expenditures  on,  publications  are 
excluded,  that: — 


Revenues  become $208,237 

Expenditures  become $267,900 

The  deficit  is  $ 59,663 


Some  Branches  have  asked  for  details.  You  are 
entitled  to  them.  One  of  these  details  relates  to  the 
item  of  Administration  Expenses.  These  were,  for  the 
year  ended  December  31st,  1961: — 


Staff  salaries  and  benefits $149,584 

( You  should  know  that  the  staff  is  overworked  ) 

Gommunications 11,356 

Office  supplies  and  services  26,169 

Travel 9,898 

General  — Audit  1,075 

Interest 2,763 

Legal  80 

Other  216  4,134 


Total  $201,141 

Less:  Recovery,  re  services 

rendered  1,362 

Publications  overhead  51,706  53,068 


Net  administrative  expenditure  $148,073 


The  difference  between  the  $267,900  total  ex- 
penditures shown  and  the  $148,073  net  administrative 
expenditure  is  due  to  direct  service  expenses,  building 
and  rental  expenses,  depreciation  charges  and  extra- 
ordinary expenses. 

The  item  of  building  and  rental  expenses  breaks 
down  as  follows: — 

The  item  of  building  and  rental  expenses  breaks 
down  as  follows: — 


Caretaker  salaries $ 2,940 

Staff  benefits  263 

Property  taxes 4,210 

Fuel  1,079 

Light  and  power  1,073 

Insurance  507 

House  expense  1,306 

Maintenance  and  repairs  1,293 


Total  EIC  Headquarters  $12,671 

Rental,  EIC  office  in  Toronto 900 


TOTAL $13,571 


I should  add  here  that  an  amount  of  $4,000  per 
year  is  paid  on  publications  account  for  space  occupied 
outside  the  Headquarters  building,  plus  $400  for 
maintenance  and  repairs  on  this  accommodation. 

It  would  be  possible  to  provide  statistics  for  other 
items  but  these  would  be  burdensome  and  possibly 
conducive  to  misunderstanding  without  extensive  ex- 
planation. 

I believe  the  foregoing  quite  clearly  demonstrates 
the  need  for  the  fees  increase. 

I can  assure  you  that  all  expenses  are  very  care- 
fully scrutinized  before  commitments  are  made.  Our 
Finance  Committee  prepares  a budget  prior  to  the 
fiscal  year.  This  is  based  on  previous  records  and  the 
application  of  the  best  judgement  which  can  be 
brought  to  bear  by  the  Finance  Committee,  the  General 
Secretary  and  the  Comptroller,  working  with  forecasts 
of  expenditures  which  various  organizational  units, 
such  as  the  Student  Policy  Committee,  deem  appro- 
priate to  their  activities.  This  budget,  and  the  expendi- 
tures, are  under  continual  examination. 

I can  assure  you  a great  deal  of  time  is  devoted  to 
ensuring  that  your  money  is  wisely  spent  on  the  ser\'- 
ices  which  you  enjoy. 

At  this  point  I suspect  \ou  ma\’  well  ask:  Win 
should  I belong  to  EIC?  Let  me  suggest  to  \ ou  w h\  I 
believe  vou  should  belong  to  EIC. 
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When  a young  man  graduates  from  an  engineering 
college  or  faculty,  he  is  equipped  with  the  basic  train- 
ing needed  by  an  engineer  but  very  little  else  besides 
his  health  and  the  native  ability  with  which  he  was 
endowed  at  birth.  In  other  words,  he  lacks  that  im- 
portant fund  of  specialized  knowledge  which  can  only 
be  acquired  by  experience.  This  specialized  fund  of 
knowledge  underlying  the  profession  of  engineering 
has  been  built  up  by  our  professional  forebears.  It  is 
growing  all  the  time  through  contributions  made  to  it 
by  members  of  the  profession.  Today,  it  is  growing  at 
an  increasingly  rapid  rate  due  to  the  veritable  explosion 
of  technology. 

When  a young  engineer  graduates  he  must  par- 
ticipate in  those  activities  which  will  enable  him  to 
keep  abreast  of  the  growth  in  professional  knowledge 
which  he  needs  in  order  to  effectively  serve  as  an 
engineer,  whether  in  the  consulting  field,  in  an  indus- 
trial organization,  in  a utility,  or  in  the  public  service. 
The  reason  is  a simple  one.  As  time  goes  on,  the  basic 
training  he  received  at  the  college  or  faculty  from 
which  he  graduated  deteriorates.  It  has  been  said  the 
value  of  this  basic  training  deteriorates  at  such  a rate 
the  half-life  is  reached  10  years  after  graduation.  There 
is  now  increasing  evidence  the  half-life  is  reached 
some  5 years  after  graduation.  Under  these  circum- 
stances, how  can  the  young  engineer  maintain  his 
ability  to  serve  as  an  effective  professional?  There  is 
only  one  way.  This  is  to  be  an  active  member  of  the 
learned  society  of  his  choice,  in  the  engineering  field. 

Naturally,  all  of  us  who  are  concerned  with  the 
future  of  EIC  believe  this  learned  society  should  be 
EIC.  Why  should  it  be  EIC? 

The  young  engineer  who  belongs  to  EIC  has  the 
opportunity  of  exchanging  viewpoints  and  know-how 
with  fellow  engineers  at  Branch  meetings;  at  Annual 
General  meetings;  at  Regional  Technical  Conferences; 
and  at  various  other  types  of  meetings  sponsored  by 
EIC.  In  addition  to  this  ability  to  exchange  experience 
and  know-how,  the  engineer  can  participate  in  many 
valuable  activities  through  working  on  committees. 
He  can  learn  to  express  himself  effectively,  a most 
necessary  ability  if  he  is  to  achieve  success.  He  can 
contribute  to  the  fund  of  professional  know-how  by 
the  presentation,  and  participation  in  discussion,  of 
papers,  thereby  repaying  his  debt  to  his  professional 
predecessors.  In  brief,  the  engineer  has,  through  EIC, 
his  opportunity  of  keeping  abreast  of  the  developing 
technology  in  which  he  is  interested.  Moreover,  he 
has  an  opportunity  of  exchanging  views  with  members 
in  the  other  disciplines  in  the  engineering  field. 

As  a member  of  EIC,  the  engineer  has  access  to 
the  publications  of  sister  societies,  particularly  in  the 
Commonwealth  and  in  the  U.S.A.,  at  member  rates. 
He  can  participate  in  meetings  of  these  sister  societies 
at  member  rates  as  a member  of  EIC.  EIC  participates 
in  joint  sponsorship  of  many  meetings  such  as  the 
recent  Hydraulics  Conference  in  Montreal  in  1961, 
the  Heat  Transfer  Conference  in  Chicago  in  1961  and 
the  Railroad  Conference  in  Toronto  in  1962. 

Do  you  know  that  there  are  14  Technical  Divisions 
covering  specific  fields  of  technical  interest  within  the 
area  of  technology  served  by  EIC  through  its  Commit- 


tee on  Technical  Operations?  These  are  Bridge  and 
Structural;  Chemical;  Civil;  Communication,  Elec-  j 
tronics  and  Automation;  Electrical;  Engineering  Edu-  ! 
cation;  Geotechnical;  Hydro-Electric;  Management; 
Mechanical;  Mining;  Research;  Thermal;  and  Welding,  j 
One  of  the  basic  objectives  of  EIC  is  building  up  1 
Canadian  engineering  literature  with  specific  attention  ; 
to  those  fields  in  which  Canada  has  won  outstanding  | 
recognition.  These  specialized  fields  are  hydro-electric  , 
power  development,  all  aspects  of  paper-making,  min-  i 
ing,  some  aspects  of  electrical  equipment  manufacture,  ; 
power  transmission,  and  the  application  of  mercury-arc  ) 
and  other  rectifiers.  | 

Do  you  know  that  one  of  our  members,  H.  R.  Sills, 
Hon.  MEIC,  is  recognized  as  one  of  the  world’s  out-  i 
standing  authorities  in  the  design  and  fabrication  of  j 
hydro-electric  generators?  Do  you  know  that  some  of  | 
our  consulting  engineers  in  the  paper-making  field  are  j 
retained  by  enterprises  in  such  far-away  areas  as  I 
New  Zealand  and  elsewhere?  Do  you  know  that  Canada  | 
has  an  unusually  high  position  in  the  power  transmis-  j 
sion  field?  j 

Do  you  know  that  in  EIC  a member  has  access  to  j 
virtually  all  the  disciplines  involved  in  engineering  j 
technology?  This  is  an  aspect  in  which  the  Canadian  ; 
engineering  profession  is  fortunate.  Only  a few  other  \ 
countries  have  engineering  organizations  which  em-  i 
brace  the  whole  field.  These  are  India,  Pakistan,  Cey- 
lon, Rhodesia,  Federation  of  Malaya,  New  Zealand 
and  Australia,  all  Commonwealth  countries.  Many  | 
countries  are  indeed  jealous  of  our  good  fortune  in 
this  regard.  ; 

Do  you  realize  that  in  the  Federal  Republic  of  } 
Germany  there  are  some  153  organizations  in  the  engi-  ! 
neering  field?  Achieving  co-ordination  amongst  these  j 
requires  a considerable  effort  and  expenditure  of  man- 
power on  the  part  of  the  co-ordination  organization,  , 
VDI.  i 

Do  you  realize  that  the  Power  Divisions  of  ASCE,  j 
ASME,  AIEE  and  ISA  in  the  U.S.A.  have  a closer  basic  | 
affinity,  one  to  another,  than  the  parent  societies?  The  i 
whole  history  of  engineering  in  the  U.S.A.  has  shown  i 
that  the  profession  has  just  about  come  full  circle  in  ; 
that  country.  From  the  original  military  engineering,  h; 
through  civil  engineering  and  thus  to  the  major  tra-  1 

ditional  branches  of  engineering,  combination  and  'I 

merger  are  coming  to  the  fore.  Outstanding  examples  j 
of  this  are  the  imminent  merger  of  IRE  and  AIEE,  S 
the  two  major  bodies  in  the  electrical  field.  Other  i 
combinations  are  under  consideration.  j 

We  are  indeed  fortunate  in  having  an  all-embrac-  i 
ing  voluntary,  technical,  professional,  learned  society  j, 
in  EIG.  It  is  up  to  us  to  strengthen  EIC  and  go  on 
to  greater  achievement  in  service  to  our  members,  j 
Do  you  realize  that  the  proposed  fee  of  $24.00  per  f 
annum  for  resident  members  works  out  at  less  than  ! 
10  cents  per  working  day?  Surely  this  is  an  insignifi-  | 
cant  amount  to  pay  to  keep  abreast  of  our  profession.  ! 


F.  L.  Lawton,  President. 


NOTE;  This  message  has  been  made  available  in  French  to  Councillors,  Chairmen  and  Secretary-Treasurers  of 
the  Province  of  Quebec  Branches.  It  will  be  made  available  to  Members  on  request. 
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THE  PRACTICAL  USE  OF 
NON-DESTRUCTIVE  TESTING  AND 
QUALITY  CONTROL  FOR  WELDED 
STEEL  STRUCTURES 


/.  V.  Hayward 

Chief  Welding  and  Quality  Control  Engineer, 
Alberta  Branch,  Dominion  Bridge  Co.  Ltd. 


The  paper  examines  the  basic  principles  and  the  problems  involved 
in  setting  up  a m\6  testing  and  quality  control  program  suitable 
for  use  in  the  construction  of  large  steel  weldments.  Three  recent 
projects  are  described  with  details  of  the  non-destructive  testing 


TN  THE  PAST  DECADE  rapid 
-I  strides  have  been  made  in  bringing 
the  art  of  fusion  welding  to  that  of  a 
recognized  science,  nonetheless  many 
people  have  distrust  of  welding  due  to 
the  fact  that  the  relatively  small 
amount  of  weld  metal  deposited  in  a 
weld  joint  has  a cast  structure.  Per- 
haps they  do  not  recognize  that  to- 
day’s welding,  thanks  to  tire  metal- 
lurgist and  welding  engineers,  is  a 
miniature  steel-making  operation  con- 
trolled so  accurately  that  the  quality 
of  the  deposited  weld  metal  is  able 
to  match  and  generally  exceed  that 


of  the  parent  metal  it  joins,  whether 
it  be  a structural  grade  A7  or  a high 
strength  steel  alloy.  This  fact  holds 
true  also  for  the  more  exotic  materials 
of  the  space  age  such  as  titanium  and 
zirconium.  The  modern  atomic  sub- 
marine and  globe  orbiting  roekets 
could  not  be  built  economically  by 
any  other  method.  The  quality  levels 
required  for  these  high  performance 
craft  are  close  to  absolute  perfection 
and  this  is  of  course  reflected  in  the 
high  level  of  quality  control  which 
is  applied  and  the  relatively  high 
cost  of  the  finished  product.  The  de- 


sign requirements  for  a welded  bridge 
or  multi-storey  building,  while  of  high 
level,  cannot  be  compared  with  those 
required  in  the  Atomic  Power  Reactor, 
and  as  the  material  and  weld  quality 
levels  to  be  achieved  have  a signifi- 
cant affect  on  the  cost  of  a large 
project,  great  care  must  be  given  to 
the  choice  of  quality  standards  to  be 
written  into  the  specifications  pre- 
pared by  an  architect  or  engineer. 

Inspection  and  Quality  Control 

For  many  >'ears  inspection  and 
qualit\’  control  was  viewed  b>'  many 
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structures,  bridges,  and  multi-storey 
buildings  which  will  certainly  be  built 
in  increasing  numbers,  using  welded 
steel  construction,  in  the  years  to 
come.  A committee  of  the  Canadian 
Institute  of  Steel  Construction  is  giv- 
ing special  study  to  the  use  of  non-de- 
structive testing  systems,  and  estab- 
lishing suitable  weld  defect  tolerance 
standards  for  the  different  classes  of 
service  conditions;  and  it  is  anticipated 
that  a recommendation  will  be  handed 
to  the  C.S.A.  for  the  early  publication 
of  the  necessary  revisions  to  their 
codes  and  specifications. 


Fig.  1.  360  degree  X-ray  machine  which  exposes  entire  girth  seam  of  2Và''  thick 
steel  pressure  vessel.  Film  placed  around  outside  of  vessel  and  operation  com- 
pleted with  single  exposure. 


people  in  industry  as  a necessary  evil 
and  expense.  It  is,  however,  widely 
recognized  that  the  mass  of  informa- 
tion obtained  from  this  source  has 
raised  the  general  quality  of  welded 
products  as  a whole,  raised  produc- 
tion speeds  and,  most  important,  has 
greatly  increased  the  confidence  of 
all  interested  parties  in  welded  fabri- 
cation. Experience  has  shown  that  fab- 
rication costs  are  often  highest  where 
inspection  and  product  quality  control 
are  low. 

It  should  also  be  recognized  that 
costs  are  unjustifiably  raised  when 
specifications  are  used  which  set 
quality  requirements  above  the  levels 
required  for  the  particular  service 
conditions.  The  pendulum  effect  has 
been  observed  in  a number  of  in- 
dustries where  the  inspection  methods 
in  use  proved  to  be  inadequate  and 
significant  failures  have  occurred.  This 
has  resulted  in  new  specifications 
which  are  oriented  toward  the  perfec- 
tion end  of  the  quality  scale.  Educa- 
tion and  experience  are  the  only  solu- 
tion to  this  problem  of  laxity  followed 
by  excess.  Fortunately  we  can  benefit 
from  the  successful  experience  gained 
with  many  thousands  of  weldments 
used  in  severe  service  conditions 
which  have  been  fabricated  under 
long  established  codes  such  as  the 
A.S.M.E,  C.S.A.,  A.P.I.,  and  the 
A.W.S.  Welded  Highway  Bridge 
Code,  and  the  numerous  government 
inspection  specifications  such  as  the 
California  State  Welded  Highway 
Bridge  Test  Method  No.  CAL60IC. 
Quality  is  a term  which  means  many 


things  to  different  people.  Some 
peox^le  have  used  the  term  “the  right 
quality”,  but  this  is  patently  a quali- 
tative term.  Sound  engineering  judg- 
ment, experience  and  detailed  knowl- 
edge of  the  service  requirements  are 
necessary  to  reduce  this  to  a quanti- 
tative value.  In  the  idealized  con- 
dition a standard  has  been  chosen 
which  is  no  better  and  no  worse  than 
is  required  for  a particular  service. 

We  have  an  urgent  need  in  Canada 
for  new  National  Standards  specifical- 
ly designed  to  meet  the  requirements 
of  the  designers  of  the  space  frame 


The  Society  for  Non-destructive 
Testing,  etc. 

Of  particular  interest  is  the  an- 
nouncement of  an  imminent  revision 
in  the  C.S.A.  W-59  and  the  introduc- 
tion of  an  allowance,  of  the  full- 
strength  welded  butt  joint  equal  to 
the  full  value  of  the  connected  metal 
whether  loaded  in  compression,  ten- 
sion or  shear.  This  advance  was  suc- 
cessfully introduced  by  the  A.S.M.E. 
in  1958;  and  has  already  resulted  in 
a large  saving  of  steel  in  the  pressure 
vessels  built  under  that  code.  The 
reduction  in  cost  is  the  direct  result 
of  the  new  100%  weld  joint  efficiency 
allowance  which  is  given  for  a vessel 
which  has  been  subject  to  100%  x-ray 
inspection  of  the  weld  seams.  The 
previous  allowance  was  85%  maximum 
weld  joint  efficiency. 

The  Society  for  Non-destructive 
Testing  and  the  Federal  Government 
Department  of  Mines  and  Technical 
Surveys  are  also  known  to  be  making 
studies  in  the  direction  of  suitable 
training  programs  and  examinations 
for  N.D.T.  technicians. 

The  Federal  Government  Standard 


Fig.  2.  Welding  field  splices  of  460'  long,  4 lane  McKinnon  Ravine  Bridge,  Edmon- 
ton. X-ray  crew,  behind  welders,  checked  results  on  each  row  before  allowing 
next  stage  of  welding. 
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48-GP-4  ior  the  Testing  and  Certifi- 
I cation  of  Industrial  Radiographic  per- 
. sonnel  is  an  excellent  start  and  similar 
tests  to  cover  the  technicians  using 
Ultrasonic  and  Magnetic  Particle  test- 
ing systems  are  urgently  required. 
Federal  and  Provincial  Governments, 
and  G.S.A.  testing  and  certification 
of  welding  operators  employed  in  the 
pressure  vessel,  and  struetural  steel 
industries  is  mandatory;  and  it  is 
essential  that  the  Welding  Inspector 
who  is  empowered  by  the  purchaser 
to  accept  or  reject  welded  products, 
should  himself  be  tested  and  certified 
as  having  attained  a suitable  level  of 
skill  and  specialized  knowledge. 

International  Institute  of  Welding 

Ganada  is  an  active  member  of  this 
body  which  was  founded  in  1948  in 
Belgium,  to  encourage  the  develop- 
ment of  welding  at  the  international 
level.  By  the  organization  of  annual 
meetings  which  are  attended  by  the 
welding  technologists  and  scientists 
from  the  28  countries  who  are  taking 
part,  it  has  promoted  the  free  ex- 
change of  teehnical  information  and 
is  performing  outstanding  work  in 
producing  welding  and  inspection 
standards.  The  I.I.W.  has  an  impor- 
tant relationship  with  UNESCO,  the 
Union  of  International  Engineering 
Associations  and  The  International 
Standards  Organization.  The  rapid 
progress  of  the  common  market  de- 
velopments in  Europe  suggests  that 
the  activities  of  this  body  will  con- 
tinue to  grow  in  importance. 

The  I.I.W.  is  eomposed  of  15 
technical  commissions.  Commission 
No.  5 (testing,  measurement  and  con- 
trol of  welds)  is  presently  under  the 
Chairmanship  of  Prof.  G.  A.  Homes 
of  Belgium,  with  D.  Kat  of  Holland 
serving  as  Secretary. 


A major  portion  of  the  work  of  the 
Sub-commissions  is  devoted  to  Non- 
Destructive  Testing,  and  each  working 
group  is  made  up  of  experts  from  the 
member  countries.  Advanced  work 
has  now  been  completed  on  Radiog- 
raphy, Ultrasonics,  Magnetic  Particles 
and  Dye  Penetrants  and  the  results 
will  soon  be  available  for  publication 
in  the  member  countries.  A reference 
collection  of  x-rays  of  welds  up  to 
50  mm.  (2  in.)  thick  and  showing 
examples  of  five  different  degrees  of 
weld  discontinuities  for  each  thickness, 
originally  published  for  educational 
purposes,  has  now  become  a reference 
quality  standard,  and  over  1,000  sets 
are  in  use.  The  1961  I.I.W.  Meeting 
in  New  York  passed  resolutions  to 
extend  this  original  reference  set  to 
include  examples  of  aluminum  welds. 
It  was  also  agreed  that  the  I.I.W. 
should  publish  a low  cost  printed 
edition  entitled  “Radiographs  of 
Welds”  which  is  now  available  in 
Canada. 

Welding  Code  Quality  Standards 
based  upon  quantitative  data  directly 
related  to  knowledge  of  the  effects  of 
weld  discontinuities  in  a specific  serv- 
ice condition,  are  needed  to  replace 
the  standards  which  have  been  estab- 
lished in  an  arbitrary  manner.  This 
quantitative  information  will  become 
available  in  due  course  through  the 
I.I.W. 

Evaluation  of  the  N.D.T. 

The  non-destructive  testing  inspec- 
tion systems  commonly  used  in  the 
steel  construction  industry  are: — 

1.  Visual 

2.  X-Ray  & Gamma  Ray 

3.  Magnetic  particle 

4.  Matter  in  motion 

5.  Ultrasonic 


Sub-Commissions  of  Commission  V 


Visual  Inspection 

This  is  the  oldest,  simplest  and  in 
some  cases  the  most  effective  form 
of  weld  inspection  available  today. 
However,  in  order  to  be  useful,  this 
type  of  welding  inspection  must  be 
continuous,  it  must  commence  before 
the  actual  welding  process  is  started 
and  should  cover  all  the  various  stages 
involved  through  to  the  final  comple- 
tion of  the  joint.  The  visual  inspection 
of  a completed  joint,  while  it  may 
offer  some  clues  to  the  quality  of 
workmanship  contained  in  the  joint, 
is  obviously  limited  to  those  defects 
which  appear  at  the  surface.  The 
basic  requirements  in  this  case  are 
good  illumination,  a magnifying  glass 
and  a man  trained  and  experienced 
in  the  welding  process,  and  the  type 
of  product  that  he  is  inspecting. 

Under  ideal  welding  conditions  it  is 
not  difficult  to  produce  very  high 
quality  welds  on  a continuous  basis, 
and  it  is  true  to  say  that  the  major- 
ity of  weld  defects  are  found  in  the 
root  pass  of  butt  weld  joints;  and 
trouble  in  this  area  can  usually  be 
traced  to  improper  fit  up  of  the  weld 
joint  before  the  welding  is  started. 
Where  the  suitably  trained  inspector 
is  on  the  spot,  he  can  stop  the  work, 
and  arrange  for  the  materials  to  be 
re-fitted  in  the  proper  configuration 
intended  by  the  designer.  This  type 
of  quality  control  offers  benefits  like 
the  proverbial  stitch  in  time.  The 
possible  inclusion  of  serious  defects  in 
the  root  pass  of  butt  weld  joint  is  thus 
avoided,  and  usually  results  in  greater 
care  being  taken  in  the  fitting  up  of 
similar  details  by  the  people  involved. 
The  great  improvement  in  weld  qual- 
ity today  is  not  the  result  of  greater 
shill  on  the  part  of  the  welding  oper- 
ator, the  continuous  effort  towards  im- 
provement of  weld  consumables  and 
welding  equipment  has  made  it  pos- 
sible to  produce  consistent  high  qual- 
ity welded  work  with  operators  of 
very  much  reduced  training  and  ex- 
perience than  was  the  case,  say, 
twenty  years  ago.  Here  again,  when 
the  trained  welding  inspector  is  avail- 
able, he  can  check  the  welding  pro- 
cedures being  used,  the  welding 
machine  settings  and  the  welding 
technique  of  a group  of  welding 
operators  on  a particular  job. 

X-Ray  and  Gamma  Ray  Inspection 
Systems 

In  1895,  Doctor  Rontgen  disco\  ercd 
x-rays  and  produced  radiographs  of 
his  hands,  various  pieces  of  metal 
and  his  shotgun  which  e\en,  at  this 
pioneer  stage,  re\'ealcd  the  presence 
of  dcfcc'ts  in  the  barrel  of  the  weapon. 
The  first  recorded  application  of 
x-rays  to  a weld  was  in  the  following 
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year.  Due  to  the  primitive  nature  of 
the  x-ray  equipment  at  that  time, 
there  was  no  rush  to  make  use  of  its 
potential  in  the  welded  products  field. 
The  next  major  step  in  weld  inspec- 
tion occurred  in  1931  when  the  U.S. 
navy  agreed  to  the  approval  of  welded 
boilers  subject  to  examination  by 
radiographic  methods.  At  the  present 
time,  radiography  is  the  mandatory 
test  for  Class  1 vessels  coming  under 
the  surveys  of  many  important  code 
authorities.  Both  x-rays  and  gamma 
rays  are  part  of  the  electro  magnetic 
spectrum  but  have  shorter  wave 
lengths  than  those  of  visible  light. 
Their  most  important  properties  are 
as  follows; — 

1.  They  can  penetrate  matter 
whether  it  is  opaque  to  light  or 
not. 

2.  Travel  in  straight  lines. 

3.  Are  absorbed  according  to  the 
density  and  thickness  of  the  ma- 
terial through  which  they  pass. 

4.  Fog  photographic  materials. 

5.  Make  certain  chemicals  fluoresce 
and  produce  visible  light. 

6.  They  are  dangerous  to  life. 

The  industrial  type  x-ray  apparatus 
that  is  available  at  this  time  varies 
widely  in  range,  design,  weight  and 
output.  Weld  radiography  can  be 
divided  into  two  basic  groups: — 

1.  The  examination  of  welds  in  the 
plant; 

2.  The  examination  of  welds  on 
site,  e.g.,  welded  bridges  and 
A.P.I.  pipe  lines  and  laulk  oil 
storage  tanks. 

The  equipment  used  for  radiographic 
work  in  the  plant  is  usually  of  the 
fixed  or  semi-mobile  type,  (photo  No. 
1)  and  has  a capacity  range  in  steel 
of  from  1/16  in.  up  to  3 in.  maximum 
thickness.  For  site  work  limitations  are 
accepted  in  output,  to  enable  the 
weight  to  be  kept  down  to  approxi- 
mately 150  lb.,  which  enables  the 
machines  to  be  used  for  weld  exam- 
ination on  the  light  scaffolding  that 
is  erected  to  position  the  welding 
operators.  Such  units  normally  have 
maximum  capacities  in  steel  of  some 
1 in.  to  2 in.  in  thickness,  and  they 
are  usually  powered  by  small  gasoline 
engine  A.C.  generator  sets. 

The  x-ray  films  are  coated  on  both 
sides  with  a silver  halide  emulsion 
to  obtain  the  maximum  speed  and 
contrast.  For  A.S.M.E.,  A.P.I.  and 
C.S.A.  Code  radiography  these  high 
quahty  films  are  usually  sandwiched 
in  the  film  holder  between  cardboard 
that  has  been  specially  coated  with 
calcium  tungstate;  or  thin  lead  foil 
screens  while  making  the  exposure. 


Fig.  3.  Giant  Plate  Girder  Jig  in  which 
a 120'  length  of  welded  bridge  girder  is 
automatically  welded  by  submerged  arc 
process. 


The  salt  screens  can  reduce  the  time 
of  the  exposure  of  a test  weld  by  as 
much  as  100  times,  but  there  is  some 
loss  of  sharpness.  The  lead  screens 
will  reduce  the  exposure  time  to  a 
lesser  degree,  usually  a half  or  one 
third,  and  are  generally  used  on 
critical  work  as  the  lead  emits  both 
characteristic  x-rays  and  photo  elec- 
trons which  serves  to  improve  the 
quality  of  the  image  obtained,  over 
that  obtained  from  film  exposed  with- 
out screens.  The  contrast  of  films  is 
generally  higher,  as  the  density  of 
the  film  is  increased,  however,  there 
is  an  obvious  limitation  due  to  the 
problem  of  viewing  the  darker  films 
for  interpretation.  The  following  dens- 
ity ranges  are  recommended  in  the 
British  Standard  No.  2600  “General 
Recommendations  for  the  Radio- 
graphic  Examination  of  Fusion 
Welded  joints  in  thickness  of  steel 
up  to  2 in. 


Film/Screen  ( 

Combination 

Optimum  Density  Range 
for  Weld  Image 

Fine  grain  direct-type 
film,  with  lead  screens 

2.0-3. 0 for  X-rays;  not 
less  than  2.5  for 
Gamma  rays 

Ordinary  direct-type 
film  with  lead  screens 

1. 5-3.0 

Screen-type  with  lead 
or  Salt  screens 

1.5-2.3 

Technique 

To  produce  a radiograph  of  a weld 
the  film  must  be  on  one  side  of  the 
weld  and  the  source  producing  the 
radiation  on  the  other,  the  normal 
method  is  to  direct  the  radiation  per- 
pendicular to  the  surface  of  the  weld, 
but  the  beam  may  be  deliberately 
angled  to  assist  the  identification  of 
a lack  of  fusion  on  the  side  of  a weld 
joint  bevel,  or  double  check  for  a 
suspected  internal  crack,  or  determine 
the  position  relative  to  the  surface  of 


an  observed  defect  in  a weld  joining 
thick  plates.  On  small  dia.  high  pres- 
sure pipe  the  double  wall  technique 
is  employed  where  the  radiation  is 
directed  at  a small  angle  from  the 
center  line  of  the  butt  weld  at  a 
film  positioned  close  to  the  far  side 
of  the  pipe,  the  projected  image  is 
recorded  as  an  oval  pattern  and  the 
film  can  be  read  for  both  front  and 
rear  sides  of  the  joint.  This  method 
has  also  been  used  on  butt  welded 
box  column  sections  formed  from  two 
rolled  channel  sections,  welded  toe  to 
toe. 

In  establishing  the  best  technique 
for  the  examination  of  a particular 
weld  joint,  it  is  necessary  to  calculate 
the  optimum  distance  between  the 
radiation  source  and  the  film,  and 
this  is  directly  influenced  by  the  dis- 
tance between  the  film  to  the  farthest 
part  of  the  weld  to  be  examined,  and 
the  geometric  size  of  the  focal  spot 
or  radiant  source.  The  maximum 
degree  of  unsharpness  or  penumbra 
is  limited  under  the  existing  codes 
to  .01  in. 


Gamma  Ray 

It  is  not  possible  to  make  direct 
comparisons  between  x-rays  which 
are  emitted  as  a continuous  spectrum, 
and  Gamma  rays  where  they  are 
emitted  as  a line  spectrum. 

Gamma  rays  were  discovered  in 
1896  by  Antoine  H.  Becquerel  while 
investigating  the  properties  of  ura- 
nium. The  earliest  successful  appli- 
cation of  gamma  rays  in  industry  was 
carried  out  by  Henri  Pilon  and  M.  A. 
Laborde  when  they  made  a successful 
inspection  of  a defective  ship  turbine 
in  France  in  1925.  The  various  iso- 
topes now  in  use  for  industrial  radiog- 
raphy produce  smaller  amounts  of 
radiation  output  than  x-ray  machines 
and  exposure  times  are  normally 
considerably  longer,  however,  they 
have  the  ability  to  penetrate  materials 
of  varying  thickness  and  can  produce 
excellent  radiographs  of  assembled 
units  containing  different  metals 
such  as  a revolver  loaded  with  bullets, 
and  oil  and  gas  line  control  valves. 
The  following  list  shows  the  artificial 
isotopes  produced  in  atomic  reactors 
that  have  been  used  successfully  in 
industry. 


Isotope 
Thulium  170 
Iridium  192 
Caesium  137 
Cobalt  ;,,_60 


Steel  thickness 

in  inches  Half  life 

1/2  127  days 

5/16-2K  74  days 

1- 3  33  years 

2- 6  5.3  years 


The  half  life  is  a convenient  method 
that  is  used  to  describe  the  useful  life 
of  an  isotope  whose  level  of  radiation 
output  decays  exponentially.  An  iso- 
tope may  still  be  useful  for  radiog- 
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I raphy  after  its  half  life  has  elapsed, 
I depending  upon  its  strength  at  the 
time  it  was  produced.  The  gamma  ray 
sources  emit  radiation  continuously 
throughout  their  life,  and  the  serious 
problems  associated  with  their  acci- 
dental loss,  are  such  that  very  special 
precautions  must  be  made  whenever 
they  are  to  be  removed  from  their 
transport  or  camera  containers.  The 
isotopes  due  to  their  relative  high 
power  of  penetration  produce  images 
on  radiographic  film  that  are  of  lower 
contrast  than  those  obtained  for  a 
similar  weld  using  x-ray  equipment, 
and  the  inspector  who  is  familiar  with 
.\-ray,  but  not  isotope  radiography, 
may  well  be  led  into  underestimating 
the  severity  of  an  observed  defect. 

The  use  of  radiography  is  not 
limited  to  metals,  as  wood,  rubber, 
plastics  and  many  other  diverse  mate- 
rials have  been  successfully  tested  by 
this  method.  The  isotope  Ceasium  137 
has  been  used  to  record  serious  cracks 
and  voids  in  the  concrete  walls  of  a 
building,  which  were  12  in.  thick, 
and  recently  techniques  have  been 
developed  to  locate  and  determine 
the  condition  of  reinforcing  steel  in 
certain  types  of  concrete  structures. 

Safety  Procedures 

Federal  and  Provincial  regulations 
are  now  coming  into  effect  that  will 
do  much  to  control  the  danger  of 
radiation  hazards  in  industry.  The 
most  important  precautions  in  deal- 
ing with  all  radiation  sources  is  to 
ensure  that  only  suitably  trained  per- 
sonnel are  allowed  to  work  with  them. 
Care  must  be  taken  to  keep  all  per- 
sons out  of  the  main  beam  at  all  times 
and,  in  addition,  the  work  area  should 
be  monitored  with  a suitable  radia- 
tion detector  for  secondary  or  scat- 
tered radiation  at  each  new  location 
at  which  sources  or  x-ray  equipment 
is  to  be  used. 

Radiographic  Defect  Tolerance 
Standards 

Section  UW-51  of  the  A.S.M.E. 
Unfired  Pressure  Vessel  Code,  Sec- 
tion 8 sets  out  the  radiographic 
method  and  procedures  and  in  read- 
able form  sets  the  level  of  defects 
that  are  acceptable  in  the  case  of 
100%  radiographic  inspection  of  the 
shell  seam  welds  of  vessels  built  for 
service  under  their  rules.  These  weld 
(juality  standards  are  as  follows: — 
“1.  Any  type  of  crack  or  zone  of 
incomplete  fusion  or  penetration: 

2.  Any  elongated  slag  inclusion 
which  has  a length  greater  than 
1/4  in.  for  T up  to  3/4  in. 

1/3  T for  T from  3/4  in.  to  2-1/4 
in. 

3/4  in.  for  T over  2-1/4  in. 


where  T is  the  thickness  of  the  thin- 
ner plate  being  welded. 

3.  Any  group  of  slag  inclusions  in 
line  that  have  an  aggregate  length 
greater  than  T in  a length  of  12T, 
except  when  the  distance  between  the 
successive  imperfections  exceeds  6L 
where  L is  the  length  of  the  longest 
imperfection  in  the  group. 

4.  Porosity  in  the  weld  metal  shall 
be  judged  acceptable  or  unacceptable 
by  comparison  with  a standard  set 
of  radiographs  or  porosity  charts;” 
however,  it  should  be  noted  that 
many  oil  companies  purchase  their 
pressure  vessels  under  this  code  but 
add  numerous  additional  limitations 
based  on  their  own  service  experience, 
e.g.  the  allowable  porosity  levels  are 
often  greatly  reduced  below  those 
shown  in  the  A.S.M.E.  standards,  par- 
ticularly when  the  vessels  are  used 
in  corrosive  service  environments. 

“(M.)  Sections  of  weld  that  are 
shown  by  radiography  to  have  any  of 
the  above  types  of  imperfections  shall 
be  judged  unacceptable  and  shall  be 
repaired  as  provided  in  Par.  UW-38. 

(N.)  A complete  set  of  radiographs 
for  each  job  shall  be  retained  by  the 
manufacturer  and  kept  on  file  for  a 
period  of  at  least  five  years.” 

Interpretation  of  Radiographs 

This  necessitates  the  identification 
of  all  the  varied  images  that  appear 
on  a film  and  an  understanding  of 
their  causes  on  this  basis: 

1.  Knowledge  of  the  weld  prepara- 
tion and  the  welding  procedure  used 
on  the  joint. 

2.  Position  of  the  image. 

3.  Size  of  image. 

4.  Shape  of  image.  The  images 
appearing  on  the  processed  film  may 


Fig.  4.  Two  manual  operators  welding 
heavy  flange  butt  welds  of  the  leg  to 
haunch  field  splice  of  the  rigid  frame 
Livestock  Pavilion,  Lethbridge. 


be  the  result  of  any  of  the  three 
causes: 

a)  Internal  defects  in  the  weld 
metal. 

b)  Accidental  marks  upon  the  top 
and  bottom  surfaces  of  the  weld 
spatter,  grinding  scratches,  hammer 
marks,  undercut. 

c)  Fortuitous  images,  formed  by 
faults  in  exposure,  processing  and 
handling. 

When  reading  the  radiographs  the 
film  should  not  be  held  over  a light 
bulb  or  against  the  clear  sky  but 
should  be  examined  with  great  at- 
tention to  detail  in  a darkened  room 
using  a specially  designed  x-ray  illu- 
minator from  which  all  light  other 
than  that  required  to  view  the  film 
has  been  masked;  many  authorities 
advise  that  a short  time  should  be 
spent  in  allowing  the  eyes  to  adjust 
to  the  conditions  in  the  viewing  room 
before  starting  the  examination  of 
film. 

Limitations  of  Radiographic  Methods 

It  has  long  been  recognized  that 
these  methods  are  unable  to  locate 
some  planar  type  defects,  such  as 
laminations  and  cracks  lying  parallel 
to  the  weld  surface.  The  A.S.M.E. 
Code  requires  the  use  of  image  qual- 
ity indicators  or  penetrometers,  for 
every  exposure,  these  are  small  steel 
strips  equal  in  thickness  to  2%  of  the 
thickness  of  the  weld  being  examined; 
therefore,  the  penetrometer  for  a weld 
1 in.  thick  will  have  a thickness  of 
0.02  in.  These  must  be  placed  upon 
the  surface  of  the  weld  farthest  from 
the  x-ray  film  so  that  its  image  when 
recorded  on  the  film  will  have 
travelled  through  the  full  thickness 
of  the  weld  and  appear  clearly  on 
the  developed  film.  The  penetro- 
meters may  be  placed  upon  the  weld 
on  the  film  side  of  the  joint,  but  in 
this  case  they  are  useless  as  a method 
of  checking  sensitivity,  and  can  pro- 
duce misleading  results.  The  2%  sensi- 
tivity standard  is  a minimum  value, 
and  as  the  system  cannot  detect  cracks 
and  similar  fine  defects  which  are 
below  the  level  of  sensitivity  being 
obtained  in  a given  exposure,  it  is 
important  that  the  technique  used 
should  be  chosen  to  achieve  the  opti- 
mum sensitivity  at  all  times,  a skilled 
technician  using  fine  grain  film  and 
good  technique  with  modern  x-ray 
equipment  can  often  pick  up  image 
quality  indicators  0.005  in.  thick 
through  a weld  1 in.  in  thickness. 
After  a series  of  research  studies  by 
a commission  sub-commission  A work- 
ing group  into  the  relative  merits  of 
three  different  types  of  image  quality 
indicators  that  are  in  use  in  the  I.I.W  . 
member  countries,  an  official  I.l.^^'. 
wire  t>'pe  image  qualit\'  indicator  has 
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Fig.  5.  Manual  welding  of  diaphragm 
plate  in  the  20  ton  welded  girder  heam, 
Saskatchewan  Power  Building,  Regina. 


been  selected  and  manufactured,  for 
use  as  a standard  penetrometer  for 
welded  products  such  as  pressure 
vessels  built  under  radiographic  codes, 
and  destined  for  shipment  to  any  of 
the  I.I.W.  member  countries.  The 
ultimate  objective  is  an  international 
standard  and  specification  for  an 
image  quality  indicator  for  pressure 
vessels. 

Despite  the  limitations  of  the 
method,  the  relatively  high  cost  of 
equipment,  and  film,  these  radio- 
graphic  systems  have  become  the 
most  important  group  of  N.D.T.  It 
has  been  estimated  that  over  100,000 
miles  of  welded  oil  and  gas  trans- 
mission pipelines  have  been  inspected 
by  either  x-ray  or  gamma-ray  methods, 
and  perhaps  their  biggest  advantage 
lies  in  the  fact  that  the  radiographs 
form  a permanent  record,  which  can 
be  checked  by  any  numbej  of  engi- 
neers for  many  years  after  they  are 
exposed.  By  keeping  accurate  records 
of  the  service  life  of  the  pipelines, 
pressure  vessels  or  welded  bridges, 
and  relating  this  to  the  data  available 
on  the  films,  valuable  information 
can  be  accumulated,  on  the  signifi- 
cance of  defects  in  a particular  serv- 
ice environment. 


Magnetic  Particle  Inspection 

This  method  of  N.D.T.  has  been 
in  use  for  more  than  30  years,  and  is 
widely  used  in  the  aircraft  and  arma- 
ment industries;  although  it  has  only 
received  modest  recognition  in  the 
construction  industry.  This  is  some- 
what surprising  as  it  is  a relatively 
inexpensive  method  and  has  a sensi- 
tivity, range,  and  flexibility  well  suited 
to  many  of  the  weldments  being  pro- 
duced in  our  structural  steel  plants. 
The  equipment  is  produced  in  a wide 
range,  for  various  specialized  appli- 
cations. The  units  that  we  employ  in 
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our  plants  for  the  inspection  of  welds, 
steel  plate  and  rolled  sections,  forg- 
ings and  castings,  are  operated  by 
two  technicians,  who  provide  a double 
check  of  the  defect  indications  pro- 
duced. The  machines  have  a maxi- 
mum output  of  2,500  amp.  A.C.  and 
2,000  amp.  D.C.  rectified  current. 
For  weld  inspection  on  site  we  em- 
ploy a 1,000  amp.  A.C./H.W.D.C. 
machine  which  has  been  designed  for 
one  man  operation,  and  weighs  160 
lb. 

The  equipment  is  limited  to  the 
inspection  of  ferromagnetic  materials; 
its  operation  is  based  upon  the  prin- 
ciple that  a crack  or  non-metallic 
inclusion  lying  in  a weld  that  has  been 
magnetized  will  create  local  flux 
leakage  field.  Fine  ferromagnetic 
particles  are  introduced  across  the 
test  area,  and  offer  lower  resistance 
to  the  magnetic  flux  than  air  or 
liquid,  the  patterns  that  are  formed 
by  the  coloured  ferromagnetic  powder 
which  gathers  over  the  defect,  are 
easily  interpreted  by  the  trained 
technician.  A.C.  current  is  used  for 
the  detection  of  surface  defects,  and 
D.C.  current  for  sub-surface  defects. 
In  common  with  the  other  test 


Fig.  7.  Magnetic  Particle  testing  of 
heavy  welds  carried  out  at  each  stage 
of  fabrication  of  the  20  ton  beams.  Port- 
able 1,000  amp.  DC  Magnetic  equip- 
ment weighs  160  pounds. 


The  Matter  in  Motion  Group 

Essentially  non-destructive  testing 
methods  involving  the  motion  of 
matter,  differ  from  those  which  are 
based  on  the  transmission  of  energy, 
in  that  the  defect  must  appear  at  the 
surface  of  the  test  material.  Leak 
testing  methods  for  containers  of 
gases  or  liquids  are  as  old  as  industry 
itself,  some  of  the  common  tests  in- 
volve the  movement  of  water,  air  or 
helium  through  a defective  weld  seam. 
The  helium  leakage  method  is  widely 
used  in  Europe,  where  large  storage 
tanks  are  filled  with  the  gas  and  the 
seams  are  scanned  with  a mass  spec- 
trometer, which  can  detect  helium 
at  levels  of  one  part/Mil.  This  is  the 
most  sensitive  system  in  this  group, 
as  helium  can  pass  through  openings 
too  small  to  permit  the  passage  of 
water.  The  test  is  also  used  for  heat 
exchanger,  and  pressure  vessels, 
where  it  can  be  applied  to  both  pres- 
sure and  vacuum  systems. 

Dye  penetrant  systems  are  often 
used  in  the  testing  of  non-ferrous 
weldments  such  as  aluminum,  copper, 
stainless  steel  tanks  and  piping  for 
corrosion  service.  A colored  dye  is 
applied  to  the  test  area  from  small 
pressurized  spray  can,  which  has 
an  extremely  low  viscosity  which  en- 
ables it  to  penetrate  fine  cracks  and 
fissures  in  the  surface  of  the  speci- 
men, the  area  is  wiped  clean,  and 
a spray  on  white  base  developer  is 
applied,  which  acting  like  blotting 


Fig.  6.  Final  check  by  Ultrasonic  Test- 
ing of  completed  20  ton  beam. 


methods,  various  conditions  which 
occur  in  practice  give  rise  to  false 
indications,  which  will  be  recognized 
as  such  by  the  experienced  operator, 
who  has  suitable  experience  with  the 
product  under  test,  and  understands 
the  limitations  of  his  equipment.  A 
sub-Committee  of  the  I.I.W.  Com-’ 
mission  V.  is  now  investigating  the 
sensitivity  of  this  system,  and  the 
design  of  suitable  standard  test  or 
calibration  pieces. 
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paper  shows  the  defects  effectively.  A 
later  and  more  sensitive  development 
of  the  d>'e  penetrant,  is  one  which 
fluoresces  brilliantly  when  it  is  illu- 
minated with  an  ultraviolet  light 
source  having  a wave  length  of  about 
3,650  Angstrom  units. 

Ultrasonic  Testing 

This  class  of  equipment  was  de- 
\ eloped  for  indnstrial  use  during  the 
early  years  of  the  Second  World  War, 
and  has  become  accepted  for  certain 
classes  of  work  which  require  the 
special  qualities  of  ultra-sensitivity, 
(i.e.).  It  can  easily  pick  up  the  grain 
boundaries  in  steel.  The  ultrasonic 
pulse  echo  equipment  has  the  ability 
to  inspect  very  thick  steel  plates  and 
large  turbine  shafts  where  access  is 
limited  to  one  side  of  the  plate  or 
shaft.  The  nuclear  power  industry 
where  quality  standards  approach 
perfection,  has  provided  the  op- 
portunities and  possibly  the  widest 
use  of  these  methods,  however,  the 
system  depends  to  an  unusually  high 
degree  upon  the  knowledge  and  skill 
of  the  operator.  Recent  investigations 
by  I.I.W.  research  teams  in  France, 
Holland  and  Belgium  suggest  that  it 
is  not  possible  at  the  present  time  to 
use  the  amplitude  of  the  echo  seen 
on  the  oscilloscope  screen,  as  a cri- 
terion of  weld  defect  size.  If  these 
results  are  confirmed  it  would  not  be 
possible  to  reject  or  accept  a weld 
solely  from  a knowledge  of  echo 
amplitudes  originating  from  defects. 
Nonetheless,  the  equipment  has  con- 
siderable potential,  and  has  given 
good  results  when  used  for  the  detec- 
tion of  laminations  in  plates  which 
are  to  be  used  for  pressure  vessels, 
and  other  weldments  in  severe  operat- 
ing service  conditions.  Semi-automatic 
and  fully  automatic  equipment  are 
now  available  that  can  carry  out  this 
task  on  a production  basis. 

The  method  is  also  used  in  Western 
Europe  and  the  U.S.S.R.,  where  spot 
x-ray  is  used  on  pressure  vessels  dur- 
ing fabrication  — the  entire  length 
of  weld  seams  are  checked  by  ultra- 
sonic equipment,  and  the  x-rays  are 
taken  at  the  locations  indicated  by 
the  ultrasonic  inspection. 

Many  attempts  have  been  made  to 
substitute  ultrasonic  testing  where 
x-ray  inspection  of  welds  is  well  estab- 
Ii.shed,  a tentative  specification  en- 
titled UW-53  was  put  before  the 
A.S.M.E.  pressure  vessel  code  com- 
mittee without  success  in  1958.  In 
its  present  form  it  can  be  expected 
to  fulfil]  those  specialized  needs  for 
which  the  radiographic  methods  arc 
uneconomic  or  impractical.  It  .should 
he  remembered,  when  consich'ring 
thcs(i  two  methods,  that  x-ray  and 
gamma  rays  on  the  one  hand  and 


ultrasonic  waves  on  the  other,  are 
totally  different  in  physical  behaviour, 
and  should  not  be  expected  to  pro- 
duce identical  results. 

Wherever  ultrasonic  testing  equip- 
ment is  being  used,  it  is  essential  that 
the  machine  be  calibrated  at  frequent 
intervals,  to  ensure  that  the  results 
obtained  are  not  being  affected  by 
malfunction  of  the  mechanical  or 
electrical  circuits.  The  sub-commis- 
sion C of  the  I.I.W.  Commission  5, 
after  five  years  of  research  work,  have 
developed  an  ingenious  equipment 
testing  and  calibration  block  which 
is  now  available,  as  an  official  I.I.W. 
Ultrasonic  Reference  Block. 

Setting  up  a Quality  Control  Program 

When  a quality  control  program  is 
to  be  set  up  for  a large  project,  the 
biggest  single  problem  to  be  faced 
is  the  human  element,  and  in  this 
area  the  vital  importance  of  certain 
welds,  often  only  a small  fraction 
of  the  total  amount  of  welding  to  be 
used  in  the  structure,  demands  that 
sensible  precautions,  in  the  form  of 
inspection  and  quality  control,  be 
applied  throughout  the  fabrication 
and  erection  of  a bridge  or  building. 
In  making  these  decisions,  it  is  im- 
portant for  the  purchaser  and  his 
agents  to  understand  that  not  all 
the  fabricators  who  will  bid  on  his 
project  are  equal  in  terms  of  their 
engineering  capability  and  the  quality 
of  fabrication.  It  must  be  understood 
that  less  inspection  and  supervision 
by  customers’  inspectors  will  be  neces- 


sary on  a job  in  a first-class  plant 
than  on  the  same  job  if  fabricated  in  a 
third-class  plant. 

The  various  types  of  non-destruc- 
tive testing  methods  in  use  today  have 
reached  a very  high  stage  of  develop- 
ment, but  unfortunately  none  of  them 
has  the  capability  alone  to  detect 
all  the  possible  weld  faults  and  define 
their  size  and  location.  The  100% 
inspection  of  all  strength  welds  in  a 
weldment,  by  any  inspection  test 
method,  will  not  give  absolute  assur- 
ance that  the  quality  levels  set  forth 
are  being  maintained.  We  must  recog- 
nize that  when  these  systems  are 
used  in  the  steel  construction  industry, 
the  value  of  the  results  obtained 
depend,  to  a significant  degree,  on 
the  skill  and  experience  of  the  techni- 
cian, and  we  must  avoid  the  tendency 
to  attribute  abilities  to  these  machines 
that  they  obviously  do  not  possess. 

To  recognize  the  limitations  of  each 
inspection  system  is  the  first  step  in 
setting  up  an  inspection  program  that 
will  provide  quality  control;  and 
reasonable  assurance  that  the  desired 
quality  standards  are  being  met. 
Often  the  best  results  are  obtained 
when  visual  inspection  by  trained 
personnel  is  applied  on  a continuous 
basis,  and  a combination  of  the  dif- 
ferent non-destructive  test  methods 
are  used  on  the  important  welds  on 
either  a 100%  or  a percentage  basis. 

The  next  important  requirement  is 
for  the  x-ray  or  magnetic  particle 
testing  to  be  applied  on  all  of  the 
initial  work  involving  critical  welds 


Fig.  8.  Of  radical  design  the  plan  view  of  the  Saskatchewan  Power  Corporation’s 
new  $7,000,000  office  building  resembles  a great  curving  Y.  There  are  no  columns 
inside,  and  each  floor  provides  a clear  unimpeded  43'  x 270'. 
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in  both  shop  and  field,  to  detect  and 
identify  faulty  work  being  produced 
by  incompetent  operation,  faulty 
equipment,  or  procedural  errors. 
Where  these  checks  are  carried  out 
efficiently,  the  source  of  trouble  can 
be  quickly  located  and  the  neeessary 
remedial  action  taken.  By  employing 
simple  statistical  quality  control 
methods,  it  is  often  possible  to  bring 
the  quality  produced  to  the  desired 
level  quickly,  and  then  reduce  the 
x-ray  inspection  to  a sample  value  of 
5 or  10%.  Whenever  a deterioration 
in  quality  is  observed,  the  x-ray  is 
again  increased  to  100%  until  the 
optimum  quality  levels  are  attained. 
In  this  fashion,  the  major  portion  of 
the  inspection  effort  can  be  concen- 
trated upon  the  elimination  of  tiouble 
spots. 

Due  recognition  should  also  be 
given  to  some  of  the  many  factors 
which  influence  all  forms  of  construc- 
tion work  today,  such  as  current 
labour  practises,  seasonal  employment, 
budgetary  control  methods,  and  the 
pressures  of  high  volume  and  tight 
schedules  during  the  short  peak 
periods  of  the  Canadian  construction 
year. 

To  illustrate  the  current  trends  in 
weld  quality  control  methods,  three 
recent  projects  in  Western  Canada 
are  described. 

Project  No.  1 

All  welded  continuous  plate  girder 
highway  bridge.  Size:  460  ft.  x 68  ft. 
Location:  Edmonton.  Completed: 
1961.  Consulting  Engineers:  E.  M. 
Rensaa  & Associates,  Edmonton. 

This  bridge  was  designed  to  the 
A.W.S.  and  A.S.S.H.O.  bridge  codes 
for  fabrication  in  A-36  steel.  The  proj- 
ect was  completed  successfully  under 
the  pressure  of  a tight  delivery 
schedule. 

Inspection  and  Quality  Control 

All  tension  flange  butt  welds  in 
both  shop  and  field  splices,  all  field 
welded  web  joints;  plus  10%  of  the 
remaining  butt  welds  were  in.spected 
by  x-ray  techniques  using  the  radio- 
graphic  quality  standards  of  the 
A.S.M.E.  Section  8 “UW-.51”. 

No  special  difficulties  were  experi- 
enced in  meeting  the  pressure  vessel 
code,  x-ray  quality  requirements  for 
both  the  shop  welds  and  the  twenty- 
four  field  welded  girder  splices.  All 
web  to  flange  fillet  welds  on  the 
girders,  together  with  the  balance  of 
the  butt  welds  which  were  not  radio- 
graphed, were  inspected  by  two 
operators  with  a 2,500  A.C.  D.C. 
Magnetic  Particle  Testing  Machine 
(see  photos  2 and  3). 

Project  No.  2 

Livestock  Exhibition  Building  (see 


Photo  No.  4).  All  welded  rigid  frame. 
Span:  180  ft.  Height  at  Centre:  36  ft. 
6in.  Length:  256  ft.  Location:  Leth- 
bridge, Alta.  Completed:  1961.  Archi- 
tects and  Engineers:  Lurie  & Neufeld, 
Lethbridge. 

This  interesting  structure  was  de- 
signed to  C.S.A.  S-16  specifications 
using  steel  conforming  to  the  A-373 
specification.  The  details  for  erection 
were  specifically  designed  to  avoid 
holes  in  each  frame  at  the  three  field 
splice  weld  connections.  The  special 
deep  gouging  and  welding  techniques, 
developed  at  Lehigh  University  for 
the  splicing  of  heavy  rolled  beams, 
was  used  to  eliminate  the  need  for 
cope  holes  in  the  web,  at  the  leg  to 
haunch  field  splices  on  each  rigid 
frame. 

Inspection  and  Quality  Control 

Continuous  visual  inspection  was 
applied  on  all  strength  welds.  All  butt 
welds  and  web  to  flange  fillet  welds 
were  tested  100%  with  a 2500  AC  DC 
Magnetic  Particle  Testing  Machine. 
Special  precautions  were  necessary 
during  erection,  due  to  the  high  winds 
prevalent  in  this  area  and  some  wind 
gusts  of  7.5  m.p.h.  were  recorded 
during  the  course  of  the  erection.  An 
ultrasonic  unit  was  used  to  check  the 
completed  field  splices  for  cracks  and 
lack  of  fusion. 

Project  No.  3 

Saskatchewan  Power  Commission 
Head  Office  Building.  Welded  multi- 
storey structure  which  provides  a 
clear  unimpeded  space  of  270  ft.  x 
43  ft.  on  each  floor.  Location:  Regina. 
Completion  date  for  steel  contract: 
June,  1962.  Architect:  J.  Pettick, 
Regina.  Engineers:  C.  C.  Parker, 
Whittaker  & Co.  Ltd.,  Edmonton. 

This  radical  design  makes  use  of 
a fusion  welded  frame  and  high  ten- 
sile bolting  of  the  wind  bracing,  and 
the  floor  beam  connections,  and  is 
designed  for  the  use  of  A-7  and  A-36 
steel  under  the  C.S.A.  S-16  specifica- 
tions. 

Inspection  and  Quality  Control 

Continuous  visual  inspection  of 
shop  and  field  welding.  Magnetic 
Particle  testing  of  all  primary  butt 
and  fillet  welds  using  a portable  1000 
amp.  machine.  The  structure  incor- 
porates two  20-ton  welded  girder 
beams,  each  supporting  a line  of  col- 
umns above  the  first  floor  level,  thus 
enabling  motor  vehicles  to  diive 
through  the  building.  All  materials  in 
these  critical  members  were  inspected 
by  ultrasonic  equipment  for  lamina- 
tions and  segregations  before  fabrica- 
tion. The  ultrasonic  equipment  was 
also  used  as  a final  cross-check  of  the 
heavy  butt  and  fillet  welds  used  in 
the  welded  girder  for  possible  cracks. 


and  lack  of  fusion,  before  the  girders 
were  stress  relieved  (see  photo  5 to 
8 inclusive). 

Summary 

In  conclusion,  I would  like  to  point  j 
out  that  both  the  science  of  welding  i 
and  non-destructive  testing  applied  to 
welds  have  unquestionably  reached  i 
an  advanced  state  of  development.  ’ 
However,  it  is  interesting  to  observe  j 
the  significant  amount  of  non-destruc- 
tive testing  that  is  used  in  Canadian  i 
industries  today,  and  to  compare  this  1 
directly  to  the  insignificant  oppor- 
tunities that  are  provided  for  the 
training  of  non-destructive  testing  i 
technicians,  up  to  a standard  that  1 1 
would  enable  them  to  meet  our  pres-  i 
ent  day  requirements.  When  the  j 
suitably  trained  non-destructive  test-  f 
ing  technician  is  available,  it  must  | 
be  appreciated  that  his  responsibility  | 
is  to  locate,  identify  and  establish  [ 
the  severity  of  discontinuities  in  j 
welds.  It  is  an  engineer’s  responsibil-  ' 
ity  to  use  this  information  to  deter-  \ 
mine  whether  the  significance  of  the  ( 
reported  defects  is  sufficient  to  | 
warrant  repair  to  the  affected  area  ii 
or  to  render  the  product  unsuitable  ' 
for  the  intended  service.  ^ 

The  welding  industry  in  general  has  ' 
now  adopted  all  the  non-destructive 
testing  systems  and  would  appreciate 
the  general  application  of  these 
methods  to  the  testing  of  welding 
operators,  in  lieu  of  the  piesent 
mechanical  semi-destructive  tests 
which  are  both  expensive  and  time-  j 
consuming.  These  semi-destructive,  ' 
welding  operator  qualification  tests,  j 
sometimes  described  as  torture  tests,  j 
are  often  carried  out  as  a mandatory  . 
requirement  for  the  manufacture  of  / 
welded  products  which  will  them-  I 
selves  be  accepted  for  service  on  ; 
results  obtained  by  non-destructive  ! 
testing  examination.  * 

The  architects  and  engineers  would  ; 
undoubtedly  benefit  from  new  nation-  j 
al  codes  which  would  enable  them  1 1 
to  prepare  specifications  for  their 
major  projects,  e.g.  bridges,  buildings,  ^ ■ 
etc.,  which  will  include  simple,  un-  j 
ambiguous  descriptions  of  quality  |i 
standards  for  materials  and  welds,  j 
elosely  related  to  the  actual  require-  j • 
ments  of  the  intended  service  con-  | 
ditions.  ■ 

The  welding  fabricators  must  con-  < 
tinue  to  meet  the  challenge  of  com-  I- 
petitive  structural  materials,  and  akso  j{ 
the  steel  produets  from  other  coun-  j- 
tries.  However  they  require  specifi-  j’ 
cations  that  recognize  the  significant  |) 
improvement  in  quality  of  present  j f 
day  welded  structures,  and  the  assur-  |- 
ance  which  can  be  obtained  from  * 
the  efficient  use  of  quality  control  I 
and  non-destructive  testing.  | 
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KEMANO  TUNNEL 
OPERATION  ANO  MAINTENANCE 


The  KEMANO  TUNNEL  is  part 
of  the  Nechako-Kemano-Kitimat 
Development  of  the  Aluminum  Com- 
pany of  Canada,  Limited,  located  on 
the  west  coast  of  British  Columbia, 
400  miles  northwest  of  Vancouver. 
The  engineering  of  the  development 
and  of  the  Kemano  tunnel  is  well  pre- 
sented in  the  References.^ 

The  Kemano  tunnel  carries  water 
ten  miles  from  the  Nechako  Reservoir 
at  West  Tahtsa  to  the  2600  ft.  level 
above  the  Kemano  Power  Station. 
The  tunnel  has  a grade  of  2.5  ft.  in 
1,000  ft.  It  was  designed  to  have  a 
nominal  25  ft.  horse-shoe  shape,  but 
rock  variations  and  difficulties  caused 
some  modifications  to  this.  As  com- 
pleted in  1954,  28%  was  concrete 
lined,  39%  lined  with  unreinforced 
gunite,  and  33%  unlined.  The  invert  is 
paved  throughout.  From  West  Tahtsa 
to  the  Horetzky  adit  the  weighted 


/.  B.  Cooke, 

Consulting  Engineer,  San  Francisco,  Cal. 

J.  W.  Libby, 

Asst.  Chief  Engineer  and  Vice-President, 
G.  E.  Crippen  6-  Associates  Ltd. 

J.  T.  Madill,  m.e.i.c. 

Assistant  Manager,  Power  Division, 
Aluminum  Company  of  Canada,  Limited. 


average  area  is  485  sq.  ft.,  and  from 
Horetzky  to  the  2600  level,  545  sq. 
ft. 

The  intake  at  West  Tahtsa  com- 
prises trash  racks,  stop  log  position, 
fixed  wheel  gate,  and  a 4 ft.  x 4 ft. 
air  shaft.  The  crown  of  the  tunnel  at 
the  intake  is  49  ft.  below  the  reser- 
voir surface.  The  Horetszky  adit  inter- 
sects the  tunnel  at  the  mid-point,  and 
on  the  tunnel  grade.  It  is  closed  off 
by  a concrete  plug  having  a 10  ft.  x 
10  ft.  opening  with  a steel  door, 
through  this  plug.  This  adit  is  reached 
by  six  miles  of  construction  class 
mountain  road  with  an  average  grade 
of  8%,  up  a narrow  valley. 

At  the  2600  level  at  Kemano  the 
concrete-lined  surge  shaft  rises  at  a 
steep  angle  from  the  tunnel  to  the 
surface.  Its  area  is  609  sq.  ft.,  slightly 
more  than  that  of  the  tunnel,  and  its 
lip  is  253  ft.  above  the  tunnel  crown 


at  this  point.  The  two  11  ft.  dia.  steel- 
lined  penstocks  start  at  the  end  of  the 
tunnel,  150  ft.  beyond  the  surge  shaft. 

Summary  and  Conclusions 

During  the  first  seven  years  of  op- 
eration the  10-mile  tunnel  performed 
adequately.  However,  head  losses 
exceeded  design  head  losses  and  mea- 
surements and  investigations  were 
carried  out. 

The  Kemano  tunnel  was  drained  in 
June,  1961,  under  controlled  condi- 
tions after  thorough  analysis  indicated 
a major  rockfall.  A time  was  selected 
when  the  supply  of  aluminum  to  cus- 
tomers would  not  be  affected,  with 
adequate  advance  notice  to  residents 
of  Kitimat,  and  at  the  most  fa\'orable 
season  of  the  year.  The  advance  plan- 
ning and  preparation  was  correct  and 
adequate. 

The  size  of  the  major  rockfall,  and 
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the  amount  of  work  to  be  done  on 
the  smaller  falls  and  seams  was  great- 
er than  could  have  been  anticipated, 
but  an  orderly  expansion  of  the  pro- 
gram already  under  way  made  pos- 
sible the  completing  of  all  the  repair 
work  in  twelve  weeks  at  a cost  of 
$2,100,000.  A hydraulic  conduit  to 
meet  all  necessary  conditions  was  con- 
structed through  the  major  cavern 
using  a construction  sequence  which 
was  executed  without  accident.  Minor 
falls  were  repaired  by  concrete  lining 
or  bolting  and  gunite,  and  seams  by 
dental  work  utilizing  bolting  and 
reinforced  gunite. 

There  was  no  damage  to  the  con- 
crete-lined sections,  to  the  invert,  or 
to  the  major  length  of  the  unlined  or 
gunite  section.  All  the  falls  were  due 
to  the  action  of  water  on  erodible 
seams.  The  falls  have  been  perman- 
ently repaired  and  all  seams  sealed 
by  gunite  dental  work.  It  is  consid- 
ered that  there  is  no  engineering 
probability  of  a future  significant 
rockfall.  Tests  made  since  the  repair 
indicate  that  the  tunnel  will  carry 
slightly  more  than  the  original  calcu- 
lated maximum  flow. 

The  cost  of  the  1961  repair  and 


maintenance  work  was  unexpected 
and  disappointing.  However,  that 
cost  was  only  a small  fraction  of  the 
cost  of  an  original  complete  lining. 
The  Kemano  tunnel  experience  makes 
it  possible  that  future  unlined  tunnels 
can  be  more  reliable  and  economical, 
since  repair  and  maintenance  can 
probably  be  anticipated  and  avoided. 

Operations  Prior  to  Draining  in  1961 

During  the  seven-year  period  from 
mid-1954  to  mid-1961  the  tunnel 
performed  adequately  and  in  no  way 
restricted  operations  or  caused  sig- 
nificant abnormal  maintenance.  The 
valves  and  their  seals,  the  turbine 
needles,  nozzles  and  buckets,  indi- 
cated only  the  most  minor  wear  or 
abrasion  from  sand  or  gravel.  Yet  the 
rocktrap  was  in  a stabilized  condi- 
tion full  of  sand,  and  a substantial 
amount  of  fine  material  did  pass 
through  the  turbines.  Certainly,  no 
maintenance  of  the  items  listed  arose 
from  this  cause  in  this  2500  ft.  head 
station  having  150,000  h.p.  four  jet 
vertical  impulse  turbines. ^ 

From  the  filling  of  the  tunnel  in 
mid-1954,  until  mid-1956,  both  the 
load  and  the  flow  were  very  low, 


TABLE  I. 

Kemano  Tunnel  Loss  Coefficients 
Loss  Coefficients  x 10~^ 


Test  Number 

Test 

Date 

Flow 

C.F.S. 

Tahtsa 

Horetzky 

Horetzky 

2600 

Total 

9 

28/5/56 

1270 

1.44 

0.99 

2.42 

8 

11/6/56 

1327 

1.48 

1.09 

2.53 

9 

18/6/56 

1554 

1.35 

1.06 

2.41 

10 

25/6/56 

1659 

1.15 

0.98 

2.11 

11 

27/6/56 

1716 

1.18 

0.97 

2.15 

19-A 

30/7/56 

1707 

1.43 

0.93 

2.36 

19-B 

30/7/56 

2352 

0.80 

0.74 

1.54 

19-C 

30/7/56 

1709 

0.82 

0.74 

1.56 

27-A 

28/9/56 

1710 

0.87 

0.77 

1.64 

27-B 

28/9/56 

2444 

0.81 

0.50 

1.31 

34-A 

21/3/57 

2220 

0.76 

0.57 

1.33 

34-B 

21/3/57 

3767 

0,47 

0.46 

0.93 

34-C 

21/3/57 

2176 

0.46 

0.48 

0.94 

36 

11/9/57 

2108 

0.51 

0.48 

0.99 

38-A 

4/7/58 

1974 

0.55 

0.57 

1.12 

38-B 

4/7/58 

4041 

0.48 

0.47 

0.94 

39-B 

21/8/58 

4258 

0.47 

0.42 

0.89 

40-A 

2/10/59 

1968 

0.52 

2.25 

2.27 

40-B 

2/10/59 

3651 

0.49 

0,74 

1.23 

41-A 

31/8/60 

2375 

0.48 

1.62 

2.10 

41-B 

31/8/60 

3315 

0.43 

1.17 

1.60 

42-B 

2/9/60 

3244 

0.47 

1.10 

1.57 

45-B 

29/9/60 

3245 

0.46 

1.15 

1.61 

46-A 

24/11/60 

2402 

0.50 

1.45 

1.95 

46-B 

24/11/60 

3010 

0.49 

1.37 

1.86 

46-C 

24/11/60 

2383 

0.47 

1.31 

1,78 

47-B 

20/1/61 

2940 

0.45 

1.42 

1.87 

48-B 

13/6/61 

2981 

0.48 

1.43 

1.91 

De.sign 

4200 

0.43 

0.32 

0.75 

49-A 

1/12/61 

2266 

0.34 

0.40 

0.74 

49-B 

1/12/61 

4332 

0.34 

0.34 

0.68 

49-C 

1/12/61 

2259 

0.34 

0.40 

0.74 

.50-A 

19/1/62 

2268 

0,35 

0.34 

0.69 

50-B 

19/1/62 

4178 

0.34 

0.33 

0.67 

50-C 

19/1/62 

2258 

0,34 

0.34 

0.68 

51-A 

26/1/62 

2220 

0.34 

0.33 

0.67 

51-B 

26/1/62 

4203 

0.34 

0.32 

0.66 

51-C 

40 

26/1/62 

2222 

0.34 

0.33 

0.67 

about  1,000  c.f.s.  for  a tunnel  of  4,- 
800  c.f.s.  maximum  rated  capacity. 
With  additional  load  coming  on  in 
1956,  checks  at  the  Kemano  2600 
level  indicated  a much  lower  than 
normal  pressure.  This  gave  rise  to  i 
considerable  testing  and  study,  and  ! 
tunnel  loss  tests  were  conducted  peri-  ! 
odically  from  that  time.  1 

t 

Investigations  Prior  to  Draining  | 

Investigations  included  periodic  J 
head  loss  measurements,  the  schedul- 
ing of  “flushing  flows”  (described 
later),  drilling  piezometer  holes,  tun- 
nel salt  velocity  tests,  and  water-ham- 
mer test.  The  purposes  of  the  investi- 
gations were  to  measure  the  changes 
in  head  loss,  to  reduce  head  loss,  and 
to  locate  and  determine  the  nature  of 
the  hydraulic  obstruction. 

Head  Loss  Measurements 

Tunnel  flow,  which  is  power  sta- 
tion discharge,  is  determined  from 
needle  openings  or  the  kilowatt-hour 
meters.  Both  were  calibrated  during 
efficiency  tests  using  the  Gibson  i 
method  for  measuring  water.  Pressure 
readings  at  the  intake  (West  Tahtsa 
Intake),  the  only  adit  (Horetzky  Adit), 
and  the  downstream  portal  (Kemano 
2600  level),  made  it  possible  to  ac- 
curately determine  the  losses  in  each 
half  of  the  tunnel.  The  pressures  at  d 
Horetzky  adit  and  Kemano  2600  level  9 
were  determined  by  60  p.s.i.  and  150 
p.s.i.  gauges,  calibrated  by  A.shcroft 
Dead  Weight  Tester.  The  accuracy  is 
determined  by  the  accuracy  of  inter- 
polating the  position  of  the  gauge 
indicator  needle. 

Table  I presents  the  head  loss 
measurements  from  the  first  measure- 
ment, 1.8  years  after  initial  operation, 
to  the  draining  seven  years  later,  and  j 
also  measurements  in  a 4.5  month  i 
period  after  the  outage  and  repair,  i 
the  loss  coefficient  is  j 

C X 10-5  ^ Hf  i 

Ç2 

where  Hf  is  the  head  loss  in  feet  and 
Q is  the  flow  in  c.f.s.  Prior  to  mid- 
1956  the  flow  was  very  small. 

The  readings  in  Table  I without  a j 
letter  A,  B,  or  C are  readings  at  the 
normal  flow  at  the  time  of  the  read- 
ing. The  readings  with  a number  fol-  •• 
lowed  by  A,  B,  or  C are  readings  j? 
for  a “flushing  test”.  Only  sufficient  1 
flow  readings  are  included  in  the  j i 
table  to  illustrate  what  occurred.  A iJ 
“flushing  test”  consists  of  a reading 
at  high  flow  with  a noi-mal  flow  ij» 
before  and  after,  the  B.  reading  being  îi 
the  high  flow  reading.  |j 

The  first  “flushing  test”,  consisting  1 1 
of  readings  19-A,  19-B,  and  19-C,  j 
was  made  when  additional  capacity 
was  installed,  to  see  the  effect  of  in- 
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creased  flow'.  Since  the  head  losses 
were  reduced  by  “flushing  tests”,  these 
were  run  intermittently  at  subsequent 
times.  It  was  final!)'  concluded  that 
the  higher  velocity  of  the  flushing 
tests  was  le\elling  the  rockfalls,  and 
that  there  w'ere  rockfalls  in  both 
halves  of  the  tunnel,  and  at  least  one 
major  rockfall  in  the  Horetzky- 
Kemano  2600  half  of  the  tunnel.  The 
head  loss  discussion  that  follow's  for 
each  half  of  the  tunnel  is  w'ritten  w'ith 
the  know'ledge  of  the  falls  as  seen 
during  the  inspection. 

The  high  flow's  (B)  wdiich  w'ere  in 

e. xcess  of  pow'er  demand  w'ere  ob- 
tained by  opening  the  turbine  needles 
W'ith  jet  deflectors  in  the  fully  deflect 
position,  the  turbines  being  stationary. 
Thus,  150,000  h.p.  w'as  deflected  on 
to  the  w'alls  of  the  w'heel  pit.  This  is 
a procedure  not  to  be  undertaken 
lightly  and  was  done  only  when  nec- 
essary. 

Tahtsa-Horetzky  Losses 

Test  No.  2 (28/5/56),  1.8  years 
after  initial  operations,  the  loss  was 
3.4  (1.44/0.42)  times  the  design  loss. 
It  is  equivalent  to  the  loss  of  a tun- 
nel of  about  one-half  the  cross-section 
area,  and  could  only  be  caused  by 
one  or  more  obstructions.  Since  the 
velocity  was  low,  about  2 f.p.s.,  rock- 
falls of  small  rocks  could  pi'ovide  the 
obstructions.  Apparently  the  rockfalls 
occurred  in  the  first  1.8  years. 

On  the  Flushing  Run  No.  19-B 
(30/7/56),  just  two  months  later  than 
Run  No.  2,  the  coefficient  which  had 
remained  constant  at  about  1.40  was 
reduced  to  0.80.  The  velocity  was 
temporarily  increased  from  2.9  to  3.9 

f. p.s.  Apparently  the  rockfalls  did  not 
get  worse  during  the  two-month  peri- 
od and  the  higher  velocity  levelled 
them  out  somewhat,  resulting  in  lower 
head  losses. 

On  Flushing  Run  No.  34-B  (21/3/ 
57),  eight  months  after  Run  No.  19-B, 
the  coefficient,  which  had  remained 
constant  at  about  0.80,  was  reduced 
to  0.47.  The  velocity  was  temporarily 
increased  from  3.6  to  6.3  f.p.s.  Ap- 
parently the  rockfalls  did  not  get 
worse  during  the  eight-month  period, 
and  the  much  higher  velocity  (6.3 
f.p.s.)  levelled  the  rockfalls  further 
than  the  previous  flushing  velocity 
of  3.9  f.p.s. 

On  Run  No.  46-C  (24/11/60)  the 
loss  coefficient  remained  essentially 
at  0.47,  with  only  slight  increase  be- 
tween several  intermediate  flushing 
Hows.  Apparently  there  was  little,  if 
any,  increase  in  the  rockfalls  during 
the  3.6  year  period.  Confirming  this, 
there  was  little  evidence  of  fresh  rock- 
lall  on  the  June  19,  1961  inspection, 
except  for  one  of  the  several  falls 
which  was  actively  and  slowly  en- 


larging due  to  numerous  soluble 
seams. 

It  appears  that  the  rockfalls 
occurred  in  the  first  tw'o  years  and 
remained  essentially  stabilized  for  the 
follow'ing  five  years. 

Horetzky-Kemano  2600  Losses 

On  Run  No.  2 (28/5/56),  about 
1.8  years  after  initial  operation,  the 
loss  coefficient  was  0.99,  three  times 
the  0.31  design  value.  Apparently  the 
rockfall  had  commenced  in  the  first 
1.8  years.  In  the  next  several  months 
the  loss  increased  and  varied  in  the 
1.00  to  1.30  range. 

Between  Flushing  Run  No.  19-B 
(30/7/56)  and  Fluslhng  Run  No.  40- 
B (2/10/59),  a period  of  3.2  years, 
five  flushing  runs  were  made,  and  the 
loss  coefficient  was  held  to  a value  of 
0.74  with  variations  between  0.48 
and  0.81  and  a high  of  2.25,  just 
prior  to  Run  No.  40-B.  Apparently 
the  rocks  were  generally  .small  enough 
to  be  rearranged  by  the  flushing  flow 
and  rocks  were  falling  all  during  this 
3.2  year  period. 

After  Flushing  Run  No.  40-B  (2/ 
10/59)  it  was  not  possible  to  develop 
high  flushing  flows  due  to  the  gradi- 
ent being  down  at  Kemano  2600  level. 
The  coefficient  varied  in  the  range 
of  1.10  to  1.37.  Apparently  the  rocks 
were  somewhat  rearranged  by  chang- 
ing flows,  but  not  the  larger  ones,  and 
the  increasing  loss  would  indicate  that 
rock  was  continuing  to  fall.  Some  of 
the  very  large  rocks  under  the  cavern 
were  water-worn. 

The  hydraulic  evidence  seems  to 
indicate  that  the  major  rockfall  began 
in  the  first  1.8  years  and  was  active 
during  the  following  five  years. 

Piezometer  Drill  Holes 

In  1956,  in  an  attempt  to  determine 
if  head  loss  was  concentrated  in  cer- 
tain sections  of  the  tunnel,  five  dia- 
mond drill  holes  were  drilled  from 
the  surface  to  contact  the  tunnel.  Two 
of  these  were  a few  hundred  feet  each 
side  of  the  Horetzky  adit,  and  one  was 
one-half  mile  from  West  Tahtsa. 
These  were  about  600  ft.  deep.  A 
fourth  hole  was  drilled  three  miles 
from  Tahtsa,  850  ft.  deep,  and  a sixth 
4 miles  from  Tahtsa,  1000  ft.  deep. 

Water  level  during  tests  was  mea- 
sured by  a contact  head  on  a gradu- 
ated line,  using  a bridge  circuit  as  a 
detector  at  the  surface.  The  data  from 
these  holes  did  not  show  any  signifi- 
cant difference  from  what  was  learned 
from  the  Horetzky  adit  readings. 

The  surface  topography  did  not 
make  it  feasible  to  drill  other  holes 
between  Horetzky  and  the  2600  level. 

Salt  Velocity  Tests 

By  late  1960,  the  tunnel  operating 


data,  and  the  regular  head  loss  tests 
indicated  that  the  maximum  flow  ob- 
tainable through  the  tunnel  was  about 
3000  c.f.s.,  due  to  the  high  loss  in 
the  lower  half  of  the  tunnel.  The 
obvious  (piestion  was;  “What  is  caus- 
ing this  excessive  loss  of  head?”  This 
led  to  a series  of  special  tests  in  late 
1960  and  early  1961. 

The  question  of  whether  the  high 
loss  was  distributed  throughout  a 
length  of  the  tunnel  or  concentrated 
in  a short  distance  was  very  import- 
ant, as  this  would  reveal  something  of 
the  nature  of  the  cause  of  the  tunnel 
loss. 

A determination  of  water  transit 
time  from  West  Tahtsa  to  Horetzky 
to  the  2600  level  would  indicate 
something  about  the  loss  distribution, 
because  obviously  a shorter  than 
theoretical  transit  time  indicates  a re- 
duced tunnel  section  over  a consid- 
erable length,  whereas  a more  or  less 
normal  transit  time  indicates  a con- 
centrated loss. 

Salt  velocity  tests  were  conducted 
by  releasing  500  lbs.  of  calcium  chlor- 
ide under  water  at  the  intake  just 
below  the  trash  racks,  and  at  the 
level  of  the  tunnel  crown.  The  pas- 
sage of  this  was  detected  at  the  air 
shaft  at  West  Tahtsa,  at  Horetzky, 
and  at  the  2600  level,  using  sensitive, 
rather  high-speed  graphic  milliam- 
meters  in  circuits  having  electrodes 
in  the  tunnel  water,  or  in  a continu- 
ous sampling  of  the  tunnel  water.  The 
whole  procedure  was  very  carefully 
timed.  Typical  diagrams  obtained  at 
Horetzky  and  the  2600  level  are 
shown  in  Fig.  1.  Three  tests  were 
conducted  in  late  1960  and  early 
1961,  and  the  results  are  summarized 
in  Table  H. 

As  expected  from  the  fact  that  the 
loss  coefficient  for  the  upper  half  of 
the  tunnel  was  within  10%  of  the 
design  value,  the  transit  time  for  this 
half  averaged  about  86  minutes 
against  a theoretical  time  of  88  min- 
utes, while  a calculation  based  on  the 
uniform  distribution  of  the  actual  mea- 
sured loss  gave  84  minutes. 

In  the  case  of  the  lower  half  of  the 
tunnel,  with  a loss  coefficient  of  412 
times  the  design  value,  the  actual 
transit  time  as  measured  was  91  min- 
utes against  a theoretical  time  of  101 
minutes,  and  a calculated  interval 
based  on  uniformly  distributed  losses 
of  just  55  minutes.  It  became  e\  ident 
that  the  loss  was  not  distributed  along 
the  tunnel  but  must  be  caused  b)' 
some  rather  concentrated  obstruction. 

Water  Hammer  Test 

Independent  data  and  additional 
information  would  be  deri\cd  from 
transient  pressure  wa\'e  bcha\iour  in 
the  tunnel,  so  a test  was  conducted 


THE  ENGINEERING  JOURNAL  AUGUST,  1962 


41 


in  which  all  of  the  load  with  the  ex- 
ception of  the  auxiliaries,  comprising 
just  8%,  was  instantly  dropped,  while 
high-speed  pressure  charts  with  care- 
fully timed  coordination  were  ob- 
tained on  recorders  connected  at  Hor- 
etzky  and  at  the  2600  level.  A re-plot 
on  the  same  graph  of  the  first  part  of 
each  of  these  is  shown  in  Fig.  2. 
Prior  to  load  rejection  the  flow  was 
2495  c.f.s.  and  after  195  c.f.s  If  the 
tunnel  were  behaving  as  a single, 
uniform  conduit  with  a simple  surge 
shaft  at  the  Kemano  end,  obviously 
the  pressure  waves  would  be  sinusoid- 
al, in  phase,  with  the  Horetzky  rec- 
ord having  exactly  one-half  the  ampli- 
tude of  the  2600  level  record.  Some 
thought  about  Fig.  2 will  reveal  the 
system  behaved  as  though  it  were  two 
sections  of  uniform  conduit  connected 
through  an  orifice  located  between 
Horetzky  and  the  2600  level  with,  of 
course,  the  surge  shaft  at  the  2600 
level,  the  whole  system  having  rather 
heavy  damping.  An  approximate  an- 
alysis made  with  several  simplifying 
assumptions,  on  the  basis  of  the  mo- 
mentum of  the  various  parts  of  this 
water  column,  indicated  the  orifice 
might  be  in  the  range  4,000  to  8,000 
ft.  downstream  from  the  Horetzky 
adit.  This  test  served  to  confirm  the 
conclusion  that  there  was  probably  a 
fairly  concentrated  physical  obsti'uc- 
tion  between  Horetzky  and  the  2600 
level. 

Decision  to  Unwater,  Repair  and 
Maintain  Tunnel 

These  three  separate  sources  of 
information,  therefore,  led  to  the  con- 
clusion that  there  was  a fairly  con- 
centrated physical  obstruction  be- 
tween Horetzky  and  the  2600  level; 
that  this  obstruction  was  quite  large; 
and  that  it  was  located  on  the  order 
of  one  mile  from  Horetzky.  The  ob- 
vious cause  of  such  an  obstruction  is 
a large  rockfall.  Planning  was  based 
on  this  conclusion.  For  planning  it 
was  also  assumed  that  there  might 


be  some  smaller  rockfalls  and  some 
seams  requiring  repair  and  mainten- 
ance. 

Kitimat  Works,  with  a rated  capa- 
city of  192,000  tons  of  aluminum 
ingot  per  year,  having  a market  value 
of  over  $7  million  per  month,  and 
employing  about  2,000  persons  (some 
1,400  of  whom  would  be  laid  off), 
and  the  community  of  Kitimat  with  a 
population  of  8,500  are  completely 
dependent  upon  power  from  Kemano. 
It  is  unthinkable  to  shut  down  such 
an  operation  if  customers  are  to  be 
disappointed  and  the  town  disturbed, 
if  there  is  any  means  of  avoiding  such 
a drastic  step.  If  such  a step  must  be 
taken,  it  should  be  taken  at  the  most 
advantageous  time,  if  such  exists,  for 
all  concerned.  The  tunnel  loss  co- 
efficient actually  decreased  until  late 
1958,  and  it  was  not  until  early  1961 
that  test  data  made  it  seem  certain 
that  a rockfall  in  the  tunnel  was  caus- 
ing the  trouble.  At  this  time  aluminum 
reduction  capacity  was  considerably 
greater  than  the  world  demand,  so 
customers  would  not  be  affected.  Ob- 
viously, access  to  the  Horetzky  adit, 
obtaining  materials  for  concrete,  and 
necessary  repair  work  could  be  per- 
formed much  better  during  the  sum- 
mer season.  Also,  this  season  works 
the  least  hardship  and  in  general 
affects  employees  and  the  community 
least.  (Eligible  employees  received 
holiday  pay,  S.U.B.,  and  Unemploy- 
ment Insurance).  The  earliest  a shut- 
down could  be  scheduled  would  be 
the  coming  summer.  Therefore,  in 
February,  1961,  tunnel  draining  was 
scheduled  for  June  19,  1961.  At  this 
time  the  estimate  was  the  shut-down 
would  last  from  five  to  eight  weeks. 

Months  in  advance  of  the  shut- 
down, consultants  and  a contractor 
were  secured,  probable  repair  de- 
signs were  developed,  and  materials 
required  were  ordered.  Well  in  ad- 
vance of  the  actual  date,  construction 
equipment  and  bulk  materials  were 
hauled  to  Horetzky. 


Design  Considerations— 1961  Repair  and 
Maintenance 

Three  principal  types  of  design  had 
to  be  considered  for  the  repair  and 
improvement  of  the  tunnel;  re-estab- 
lishment of  the  conduit  through  the 
major  rockfall  area,  stabilization  and 
support  of  rock  at  areas  of  minor  falls; 
and  the  sealing  and  support  of  any 
seams  which  had  deteriorated  during 
the  seven  years  of  operation.  Each 
type  had  to  have  a permanent  form 
of  repair  since  any  subsequent  unwat- 
ering could  not  be  contemplated. 

Major  Cavern 

As  only  a fall  of  major  proportions 
could  serve  to  explain  the  character 
of  the  head  loss  being  experienced, 
any  method  of  reconstruction  through 
the  fall  area  would  have  to  take  into 
consideration; 

(a)  Safe  and  rapid  construction. 

(b)  Capacity  for  maximum  tunnel 
flow  of  at  least  4800  c.f.s. 

(c)  External  hydraulic  pressures  re- 
sulting from  the  lowered  hydraulic 
gradient  during  power  operations. 

(d)  Internal  hydraulic  pressures  cre- 
ated by  load  rejection  at  the  power 
plant. 

(e)  Heavy  impact  loads  due  to  blocks 
of  rock  falling  from  the  roof  of 
the  cavern. 

(f)  External  static  loads  which  would 
result  from  caving  within  the  cav- 
ern after  completion  of  the  con- 
duit. 

Preliminary  Design — Major  Cavern 

A proposed  design  and  construction 
method  was  evolved  which  consisted 
of: 

(a)  Heavy  12  in.  wide  flange  steel 
sets  with  a semi-circular  rib  and 
vertical  posts.  Surmounting  the 
set  and  supported  by  an  extension 
of  the  posts,  a horizontal  member 
could  be  bolted  to  provide  a 
“portal”  on  which  timbering  or 
crown  bars  could  be  supported; 

(b)  Sets  were  to  be  placed  at  a 2 ft. 
6 in.  spacing; 

(c)  Timber  cribbing  and  blocking  was 
to  be  carried  forward  as  the  sets 
were  placed  and  cribbing  was  to 
be  built  at  least  6 ft.  above  the 
crown  of  the  set  to  provide  protec- 
tion from  falling  rock  within  the 
cavern; 

(d)  Sets  and  cribbing  would  be  con- 
creted to  provide  a conduit 
through  the  cavern. 

Five  sets  fully  cribbed  and  blocked 
were  computed  to  be  able'  to  sustain 
an  impact  load  of  a 4 ton  rock  fall- 
ing about  30  ft. 

Upon  completion  of  the  temporary 
support  system  for  the  complete 


TABLE  II. 

Salt  Velocity  Tests 


Test  Number 

1 

3 

Date 

. 3/12/60 

7/12/60 

6/1/61 

Flow  C.F.S 

2410 

2402 

2430 

T ahtsa- Horetzky 

Measured  loss  coefficient  x 10“^ 

0.47 

0.47 

0.47 

Measured  head  loss,  feet 

27.3 

27.1 

27.8 

Assuming  uniform  loss,  calculated  interval,  Min...  . 

84.4 

84.6 

83.7 

Assuming  actual  area,  calculated  interval,  Min 

88.4 

89.0 

87.9 

Actual  measured  interval,  Min 

89.3 

86.3 

82.5 

Measured  interval,  % of  calculated 

. 101.0 

97.0 

93.9 

Horetzky — 2600  level 

Measured  lo.ss  coefficient  x 10“® 

1.45 

1.45 

1.45 

Measured  head  loss,  feet 

84.3 

83.7 

86.8 

Assuming  uniform  loss,  calculated  interval,  Min...  . 

55.9 

55.1 

54.5 

Assuming  actual  area,  calculated  interval,  Min 

. 101.3 

101.6 

100.4 

Actual  measured  interval,  Min 

90.5 

92.1 

91.1 

Measured  interval,  % of  calculated 

89.3 

90.6 

90.7 
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length  of  the  cavern,  the  steel  sets 
were  to  be  welded  at  the  connections 
and  anchored  to  the  tunnel  floor  to  act 
as  stress  steel  for  internal  pressures. 
Concrete  was  then  to  be  pumped  into 
the  cribbing  so  that  a total  depth  of 
at  least  6 ft.  above  the  tunnel  crown 
was  obtained  to  form  the  permanent 
conduit. 

Preparations  Prior  to  Draining 

From  consideration  of  the  kind  of 
rockfall  necessary  to  produee  the  ori- 
fice observed,  it  was  obvious  that  this 
same  fall  would  act  as  a rock-fill  dam 
when  the  tunnel  was  drained.  It  was 
anticipated  that  the  crest  of  this  dam 
would  be  under  the  cavern,  greater 
than  25  ft.  high,  and  would  create  a 
pool  at  least  25  feet  in  depth.  This 
pool  would  taper  in  depth  to  end  10,- 
000  feet  upstream.  Therefore,  pump- 
ing would  be  the  first  operation  after 
the  opening  of  the  Horetzky  adit  door. 
Four  propane-fueled  pumps  on  two 
steel  barges  having  a total  capacity 
of  4000  g.p.m.  were  provided,  along 
with  8500  ft.  of  12  in.  dia.  steel  pipe 
in  40  ft.  lengths  with  couplings. 

Construction  equipment  was  se- 
lected in  advance  and  was  on  hand 
at  the  adit  when  the  tunnel  was  un- 
watered. A criteria  was  that  it  could 
be  brought  through  the  10  ft.  x 10  ft. 
and  12  ft.  long  opening  in  the  adit 
plug.  Eight  5 cu.  yd.  dumpter  units 
(later  increased  to  12)  were  selected 
for  hauling  muck  out  and  concrete 
in.  Mucking  machines  were  a IJ2  yd. 
Trackscavator,  and  a I/2  yd.  overhead 
loader.  A jumbo  was  prefabricated  in 
panel  trusses  to  go  through  the  adit 
opening  and  be  quickly  assembled. 
A D-7  bulldozer  tractor,  3 ton  flat 
deck  trucks,  and  cranes  could  be  taken 
through.  Three  t w o - m a n truck- 
mounted  boom  “Giraffe  s”  were 
brought  in  by  removing  the  booms. 
Other  standard  construction  equip- 
ment such  as  600  c.f.m.  air  compres- 
sors, 15  to  30  kw.  lighting  plants,  air 
receivers,  farm  tractors,  D-4  tractors, 
pick-up  trucks,  guniting  equipment, 
and  a pneumatic  concrete  placer  posed 
no  problem.  All  diesel  units  for  under- 
ground were  equipped  with  scrubbers, 
and  all  gasoline  units  converted  to 
propane  fuel. 

A portable  batching  unit  with  bins 
and  scales,  loaded  by  a truck  crane 
with  a clam  was  set  up  outside  the 
adit,  along  with  a portable  I2  yd. 
paving  mixer  to  supply  concrete.  For 
aggregate,  a crusher  was  set  up  along- 
side to  produce  3,000  cu.  yds.  of  I/2 
in.  aggregate,  using  tunnel  muck  from 
tlie  original  construction.  2,000  cu. 
yds.  of  sand  were  hauled  from  the 
Kemano  valley,  and  10,000  bags  of 
cement,  with  a further  14,000  bags 
at  the  Kemano  dock. 
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Fig.  1.  Salt  Velocity  Test  No.  2. 


As  indicated  in  the  design,  50  tun- 
nel sets  of  12  in.  WF  40  Ib/ft.  steel 
were  on  hand  with  material  for  50 
more  in  the  fabricator’s  shop,  (these 
were  not  required).  Ten  8 in.  WF  17 
Ib/ft.  steel  sets  were  on  hand.  (10 
more  were  ordered  and  a number  of 
6 in.  and  8 in.  steel  sets  from  the 
original  construction  were  also  used). 

Prefabricated  panels  for  concrete 
forms  and  several  thousand  board 
feet  of  timber  were  available,  all  of 
this  before  tunnel  draining. 

Inspection 

The  tunnel  was  drained  at  the  con- 
trolled rate  of  pressure  decrease  of 
5 ft.  of  head  per  hour  on  June  18  and 
19,  with  the  intake  gate  fully  closed 
at  1:52  a.m.  and  all  Kitimat  load  off 
at  4:01  a.m.  June  19.  Inspection  par- 
ties entered  the  tunnel  at  both  ends 
and  at  the  adit  within  two  or  three 
hours  of  the  planned  time.  Conditions 
as  found  in  the  tunnel  were  very 
close  to  those  anticipated  except 
“quantitatively”,  i.e.  there  were  many 
more  cubic  yards  of  rockfall  from  the 
main  fall  than  were  anticipated,  and 
more  minor  falls  had  occurred.  The 
planned  equipment,  materials  and 
design  were  all  appropriate  to  handle 
the  problems. 

The  major  rockfall  was  6,700  ft. 
downstream  from  the  Horetzky  adit. 
The  length  of  the  cavern  was  65  ft. 
along  the  tunnel  centre  line  and  it 
extended  upward  some  140  feet  above 
the  crown.  In  plan,  the  cavern  is  a 
rectangle  of  variable  dimension  and 
below  its  domed  arch  it  is  of  about 


Fig.  2.  Load  Rejection  Test. 


70  X 100  ft.  dimension.  The  main 
jointing  and  seams  are  in  planes  essen- 
tially perpendicular  to  the  tunnel  axis. 
From  this  cavern  25,000  loose  cubic 
yards  were  transported  and  deposited 
in  a 2600  ft.  length  of  tunnel  down- 
stream before  large  rocks  under 
the  cavern  accumulated  to  make  a 
secure  major  obstruction.  The  rocks 
under  the  cavern  sharply  peaked 
some  20  ft.  above  the  tunnel  crown 
and  were  of  very  large  size,  8 to  12 
ft.  dimension.  They  were  well  inter- 
locked and  water  worn.  At  each  end 
of  the  cavern  the  hydraulic  opening 
was  irregular  and  averaged  about  a 
5 ft.  depth  below  the  crown.  Just 
downstream  from  the  cavern  the 
“jet”  had  excavated  the  rocks  to  a 
15  ft.  depth  from  the  crown  for  about 
60  feet,  and  further  downstream  for 
several  hundred  feet  large  (4  to  10 
ft.  dimension)  rocks  projected  above 
a bed  of  rocks,  with  the  top  of  bed 
about  2 ft.  above  the  spring  line  (10 
ft.  from  crown).  For  the  remaining 
distance  the  surface  of  the  muck 
sloped  very  moderately  downward 
from  15  ft.  deep  to  10  ft.  deep  where 
it  dropped  off  in  a short  2:1  apron  of 
well-graded  sand  and  gravel.  Excava- 
tion of  the  downstream  900  ft.  of 
muck  showed  a dense  well-graded 
‘streambed’  material  with  only  one  or 
two  rocks  greater  than  }'z  cu.  yd.  In 
the  next  700  ft.  there  were  eight  rocks 
of  2 to  6 ton  (1  to  3 cu.  yd.)  size,  and 
in  the  upstream  1,000  ft.  there  were 
many  large  rocks  embedded  in  small- 
er material.  The  ‘armor  surface’  of  the 
material  was  mainly  of  about  12  to 
18  in.  size  with  smaller  rocks  and 
occasional  gravel  visible  in  the  surface 
voids.  The  velocity  over  the  muck 
was  10  f.p.s.  normally,  and  as  high 
as  15  f.p.s.  during  “flushing  flows”. 

The  geological  report  on  this  rock- 
fall was: 

“This  occurred  in  fresh,  hard,  medium 
crystalline  pink  to  grey  colour  quartz 
diorite.  The  dominant  structure  in  the 
rock  is  a fault  that  crosses  the  tun- 
nel at  approximately  a right  angle 
and  dips  vertically  to  80  degrees  up- 
stream and  downstream.  The  fault 
contains  from  Is  in.  to  2 in.  of  mylon- 
ite  and  gouge  and  in  some  places  the 
wall  rock  is  chloritized  and  softened 
for  distances  up  to  several  feet  on 
either  side  of  the  fault.  Two  sets  of 
closely  spaced  fractures,  probably  re- 
lated to  primary  jointing  occur,  one 
on  either  side  of  the  fault.  The  set  of 
fractures  downstream  of  the  fault  is 
essentialb'  parallel  to  the  fault  and  its 
members  aie  4 to  7 ft.  apart  tor  a 
distanee  of  30  ft.  from  the  fault  and 
strike  into  it  toward  the  north,  and 
its  members  are  spaeed  from  7 to 
10  it.  apart.  .Ml  of  tlu'  fractures  in 
each  S('t  arc'  intereonneeced  b\  cross 
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Fig.  3.  Section  of  Tunnel  Showing  Major  Repair. 


fractiire.s  that  are  most  abundant  near 
the  fault.” 

Upstream  from  Horetzky  there 
were  a numlier  of  minor  falls  and  six 
dams  of  debris  with  one  exception 
all  containing  a small  amount  of  ma- 
terial. The  exception,  a dam  formed 
by  two  falls  close  together,  contained 
about  2,500  cubic  yards. 

Again  the  geologists  reported: 
“Mylonite  and/or  gouge  filled  fault 
zones  were  associated  with  each  of 
these  collapses.  These  zones  range  in 
width  from  h in.  to  9 in.  and  are 
generally  locally  host  to  calcite  and/ or 
quartz  lenses  and  veinlets.  Examina- 
tion of  well  over  one  hundred  faults 
in  the  tunnel  revealed  that  where  a 
fault  is  filled  solely  with  gouge  or 
solely  with  mylonite,  erosion  seldom 
exceeds  an  inch  in  depth,  but  where 
the  two  fillings  occur  together  or 
where  one  or  both  occurs  with  calcite, 
the  depth  of  the  erosion  of  the  filling 
extends  from  inches  to  tens  of  feet. 
Apparently  the  dissolving  of  the  cal- 
cite loosens  the  packing  of  the  filling 
and  permits  increased  water  circula- 
tion and  continuing  erosion.  Similarly, 
the  differential  erosion  of  the  mylonite 
and  the  gonge  tends  to  make  each 
material  unstable  and  the  filling  is 
removed  more  easily  than  if  it  con- 
sisted of  just  one  of  the  materials.” 

This  was  from  a report  by  Dr. 
Victor  Dolmage  and  Dr.  D.  D.  Camp- 
bell, consulting  geologists. 

Some  200  seams  (1  in.  to  2 ft.  wide) 
that  were  erodible  were  seen.  The 
seams  were  mainly  concentrated  in  a 
6,000  ft.  length  of  tunnel  starting 
three-quarters  of  a mile  above  Hor- 
etzky; and  in  which  length  four  of  the 
above  ‘other  falls’  occurred.  They 
had  ‘worked’  to  depths  varying  from 
inches  to  feet  to  the  order  of  10  ft. 


Most  of  the  seams  had  stabilized  due 
to  pinching  off  or  reaching  tightly 
wedged  rock.  Those  that  were  active 
could  not  be  imagined  to  create  a 
major  rockfall  in  the  future,  but 
possibly  minor  ones. 

There  were  no  failures  of  concrete 
sections.  All  original  gunite  was  un- 
reinforced, thin,  and  applied  on  a 
freshly  washed  rock  surface.  The  gun- 
ite downstream  from  Horetzky  was 
% in.  thick  and  well  applied.  The 
gunite  upstream  from  Horetzky  was 
of  irregular  thickness  and  in  some 
areas  thin. 

A two-mile  continuous  length  of 
tunnel  near  the  downstream  end  was 
fully  unlined,  with  no  concrete  or 
gunite  sections.  In  this  section  there 
were  no  rockfalls  and  only  several 
isolated  narrow  seams  that  were  ac- 
tive. There  were  not  more  than  about 
10  spalled  pieces  of  rock  4 to  12  in. 
thickness  and  2 to  4 ft.  in  slab  dimen- 
sions. There  were  also  occasional 
smaller  rocks.  These  spalls  from  the 
blast-damaged  surface  are  normal; 
fewer  than  in  most  tunnels;  and  of  no 
consequence.  The  unlined  tunnel, 
where  there  are  no  erodible  or  sol- 
uble seams,  was  of  very  satisfactory 
quality  and  in  good  condition. 

Following  the  preliminary  inspec- 
tion geologists  ma^rped  the  entire 
length  of  the  tunnel,  noting  and  mark- 
ing all  points  of  deterioration  or  of 
potential  damage.  This  information 
served  as  the  basis  for  the  specifying 
of  the  work  by  the  consulting  engi- 
neer, and  the  organizing  by  the  con- 
tractor. It  is  significant  that  the  in- 
spection revealed  that  most  of  the 
rock  lining  of  the  major  cavern,  and 
with  very  minor  exeeptions,  that  of 
all  of  the  other  rockfalls,  was  covered 
with  the  same  very  thin  layer  of 


brown  slime  that  covered  the  tunnel, 
indicating  almost  no  fresh  or  active 
falls. 

Actual  Design — Major  Cavern 

Repair  operations  commenced  in 
accordance  with  the  proposed  plan. 
As  temperature  and  moisture  condi- 
tions changed  within  the  main  cav- 
ern, rock  began  to  fall  with  increas- 
ing frequency.  It  became  evident  that 
the  proposed  sequence  of  repair  eould 
not  be  used. 

First,  a timber  bulkhead  was  con- 
structed across  the  tunnel  just  up- 
stream of  the  cavern.  The  space  be- 
hind the  bulkhead  was  filled  with 
tunnel  muck  and  a 4 x 6 ft.  timber 
ventilation  duct  pulled  over  the  muck 
pile  to  conneet  the  tunnel  at  each 
end  of  the  cavern.  Crushed  rock 
backfill  was  then  pneumatically 
placed  around  and  over  the  ventila- 
tion duct  to  a level  just  above  the 
original  tunnel  crown.  Attempts  were 
made  to  shape  the  surface  of  the  fill 
to  the  intrados  of  a flat  arch  and  the 
perimeter  walls  of  the  cavern  were 
washed.  Approximately  1000  cu.  yd. 
of  high  slump  concrete  was  then  de- 
posited in  a continuous  operation  over 
the  entire  cavern  area  just  above  the 
tunnel  so  as  to  form  a protective  arch 
which  varied  in  thickness  from  12  to 
6 ft.  with  an  irregular  shape  roughly 
35  ft.  wide  by  65  ft.  long.  A 3 ft. 
layer  of  % in  to  /I  in.  crushed  rock 
was  then  blown  on  to  the  top  of  the 
concrete  to  form  a eushion  to  assist 
in  absorbing  impact  of  falling  rock. 
All  of  these  difficult  operations  had 
to  be  accomplished  from  the  protec- 
tion of  the  tunnel  upstream  of  the 
cavern  with  virtually  no  exposure  of 
personnel. 

Excavation  and  placing  of  sets  then 
proceeded  under  the  protection  of 
the  concrete  arch.  Sets  were  blocked 
to  the  bottom  of  the  concrete  to  serve 
as  support  in  the  event  the  arch  was 
not  structurally  complete  or  did  not 
thrust  against  sound  abutments.  At  the 
north  side  near  the  midpoint  of  the 
cavern  it  was  found  that  the  protec- 
tive arch  concrete  had  flowed  around 
talus  material  which,  when  removed 
resulted  in  a rather  large  opening  be- 
tween the  tunnel  and  the  cavern 
above.  This  opening  was  sealed  by 
again  bulkheading,  backfilling  with 
gravel,  and  placing  concrete.  Excava- 
tion was  then  completed  through  the 
cavern  area  without  further  difficulty. 
Forms  for  the  water  conduit  were 
erected  and  final  concreting  was  ac- 
complished in  two  stages  so  as  to  fully 
encase  all  sets  and  lagging  and  fill  the 
space  up  to  the  protective  arch.  After 
setting  shrinkage  of  the  concrete  had 
occurred,  grout  was  pumped  into  the 
remaining  voids  between  the  second 
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stage  concrete  and  the  protective  arcli. 
The  resulting  strnctnre  was  a virtually 
monolithic  water  conduit  passing 
through  the  bottom  of  the  cavern.  The 
completed  water  passage  was  of 
horse-shoe  shape  18  ft.  9 in.  wide  and 
21  ft.  2 in.  high,  as  shown  in  Fig.  3. 

No  attempt  was  made  to  stabilize 
the  cavern  to  prevent  it  from  work- 
ing. It  is  interesting  to  report  that 
the  impact  of  rocks  upon  the  protec- 
tive arch  could  be  clearly  heard  very 
frequently  during  the  e.xcavation  and 
second  stage  concreting  operations. 

The  concrete  thickness  of  the  roof 
of  the  conduit  was  dictated  primarily 
by  construction  requirements.  Be- 
cause of  the  great  thickness,  14  ft., 
and  the  proximity  of  the  rock  at  the 
side  walls,  the  structure  was  analyzed 
essentially  as  a wedge  rather  than  an 
arch.  It  was  estimated  that  falling 
rock  will  eventually  fill  the  cavern 
completely.  Calculation  showed  that 
this  load,  reduced  by  arching  or  “silo- 
effect”,  could  be  safely  supported. 
Distance  to  ground  surface  at  the  lo- 
cation of  the  cavern  is  approximately 
1200  ft. 

The  pressure  increase  at  the  loca- 
tion of  the  cavern  due  to  load  rejec- 
tion at  the  power  plant  was  computed 
to  be  about  140  ft.  of  water.  The 
steel  sets  were,  among  other  consid- 
erations, sized  and  spaced  to  provide 
full  tension  reinforcing  of  the  conduit 
for  this  head  change.  Connections 
were  welded  for  full  stress  transfer. 
Special  anchorages  for  each  set  post, 
consisting  of  four,  IV2  in.  high-strength 
bolts  embedded  a minimum  of  9 ft.  6 
in.  into  rock,  completed  the  internal 
pressure  resisting  elements.  To  slow- 
ly equalize  pressures  between  tunnel 
and  cavern,  thirteen  l/s  in.  holes  were 
drilled  in  the  crown. 

The  safety  of  the  conduit  against 
damage  from  very  large  rocks  falling 
from  great  heights  was  the  most  dif- 
ficult problem.  Conditions  within  the 
cavern  suggested  the  possibility  of  a 
20  ton  block  falling  100  ft.  before  the 
accumulation  of  a debris  cushion.  Very 
little  literature  was  readily  obtainable 
regarding  the  ability  of  concrete  to 
safely  absorb  large  amounts  of  energy 
from  very  heavy  impact  loads.  Studies 
indicated  that  fine  gravel  placed  over 
the  concrete  would  provide  a simple 
an  inexpensive  means  of  assuring  the 
.safe  absorption  and  distribution  of 
impact  energy.  A minimum  gravel 
cushion  of  4/2  ft.  was  indicated,  but 
because  of  uncertainties  in  assump- 
tions, a 10  ft.  depth  was  planned. 

Fractures  in  the  tunnel  at  each 
end  of  the  cavern  and  the  probability 
that  the  cavern  would  continue  to 
work  required  an  extension  of  pro- 
tective measures  upstream  and  down- 
stream of  the  actual  fall.  Steel  sets 


and  concrete  lining  were  continued 
for  48  ft.  upstream  and  32  ft.  down- 
stream of  the  cavern.  Beyond  the 
concrete  lining,  a pattern  of  rock 
bolts,  reinforcing,  and  wire  mesh,  all 
covered  with  gnnite,  was  extended  an 
additional  32  ft.  upstream  and  34  ft. 
downstream  over  the  roof  of  the  tun- 
nel. 

Minor  Falls 

Several  minor  falls  were  found 
within  the  tunnel  where  up  to  several 
hundred  cubic  yards  of  rock  debris 
had  fallen  from  the  roof  or  sides  of 
the  tunnel.  Most  of  these  falls 
occurred  where  two  or  more  fracture 
zones  were  close  together  or  where 
fine  mylonite  filled  seams  swarmed 
across  the  tunnel.  The  resulting  void 
was  generally  normal  to  the  tunnel, 
above  the  spring  line  and  as  much 
as  29  ft.  wide  and  extended  into  the 
roof  from  15  to  50  ft. 

Conventional  concrete  tunnel  lining, 
placed  by  a pneumatic  machine,  was 
used  to  isolate  the  cavern  from  the 
conduit.  Minimum  concrete  thickness 
of  the  arch  was  dictated  for  the  most 
part  by  the  available  forms  and  the 


tunnel  shape  at  the  particular  loca- 
tion. The  thickness  generally  aver- 
aged about  24  in.  As  much  concrete 
as  possible  was  forced  into  the  fall 
void,  giving  a thickness  of  at  least 
6 ft.  over  the  crown.  Special  design 
to  resist  internal  pressure  was  neces- 
sary at  only  one  of  the  minor  falls. 

Light  steel  sets  were  used  where 
necessary  to  assure  safe  working  con- 
ditions or  where  concrete  reinforcing 
appeared  desirable.  Generally  the  side 
walls  were  f)laced  first  to  the  spring 
line  after  which  the  complete  arch 
was  placed  in  one  continuous  opera- 
tion. 

The  finished  cross  section  of  the 
repaired  zones  had  nearly  the  same 
waterway  area  as  sections  lined  dur- 
ing original  construction.  Reinforced 
gunite  transitions  were  constructed 
at  both  ends  of  each  new  concrete 
repair.  The  longest  concrete  section 
protecting  a minor  fall  zone  was  70 
ft. 

Downstream  of  the  major  cavern, 
at  a location  where  it  was  impractical 
to  move  tunnel  forms,  a minor  fall 
was  repaired  by  use  of  steel  sets 
which  were  blocked  to  rock  and  cov- 


Fig.  4.  Repair  of  Seams. 
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TABLE  III. 

Materials  Hauled  to  Horetzky 


Propane  7500  gals.  Including  Tanks 60  tons 

Gasoline  5000  gals 20  “ 

Diesel  Fuel  50,000  gals 200  “ 

Cement  39,000  bags 1,700  “ 

Timber  300,000  board  feet 380  “ 

Steel  All  types.  . 240  “ 

Sand  4,100  cubic  yards 4,400  “ 

Miscellaneous  Supplies T . . 450  “ 

Equipment  117  pieces 410  “ 


Total 7,860  tons 


ered  with  wire  mesh  and  gunite.  Gun- 
ite  thickness  was  built  up  to  about  4 
in.  along  the  tunnel  to  fully  protect 
and  stabilize  the  sets  and  to  seal  the 
rock  from  further  water  action.  Six 
sets  spaced  at  6 ft.  were  used. 

Seams 

The  large  number  of  exposed  seams 
required  a simple  repetitive  method  of 
repair.  The  seams  were  generally 
filled  with  mylonite  (microbrecciated 
rock),  and  varied  in  width  from  a 
fraction  of  an  inch  to  several  feet.  In 
areas  of  the  tunnel  where  a thin  spray 
of  gunite  had  been  applied  as  a tem- 
porary measure  during  excavation, 
the  gunite  had  spalled  from  portions 
of  the  seam,  exposing  the  seam  to  the 
action  of  the  water.  It  was  in  the 
gunite  sections  that  most  of  the  seam 
repair  was  necessary.  It  was  decided 
that  all  seams  which  showed  evidence 
of  dissolution  should  be  permanently 
sealed  and  protected  from  further 
water  attack.  Where  a seam  was  par- 
tially exposed  by  spalling  it  was  traced 
by  chipping  the  unspalled  gunite. 

Experience  in  other  tunnels  had 
demonstrated  the  simplicity,  effec- 
tiveness and  permanency  of  properly 
applied  gunite  adequately  reinforced 
and  anchored.  Experience  in  the 
Kemano  tunnel  also  showed  the  large 
amount  of  protection  furnished  by  un- 
reinforced gunite.  A standard  design 
for  repair  of  seams  of  various  widths 
was  developed  which  permitted  easy 
designation  within  the  tunnel  and  fa- 
cilitated the  supply  of  common  items 
of  material.  Two  standard  types  of 
repair  are  shown  in  Eig.  4.  Three 
sizes  of  rock  anchors  were  used;  a 
short  6 in.  x % in.  bolt  anchored  by 
driving  lead  washers  into  a pre- 
drilled hole;  a 3 ft.  long,  % in.  diameter 
mild  steel  bolt  with  a standard  expan- 
sion type  rock  anchor;  and  standard 
6 ft.  or  8 ft.  high-strength,  % in.  di- 
ameter rock  bolts. 

A 2 X 2 by  #10  wire  mesh  was 
used  for  reinforcing  where  gunite 
thickness  did  not  exceed  four  inches. 
Where  thicker  gunite  was  required,  a 
4 X 4 by  #8  mesh  was  designated  so 
that  the  gunite  would  fully  contact 
rock  before  building  up  on  the  mesh. 


The  fundamental  requirement  for 
successful  gunite  repair  on  rock  is 
proper  surface  preparation  to  assure 
bond.  Great  care  was  taken  that  gun- 
ite was  deposited  on  clean,  sound  sur- 
faces. Seam  debris  was  removed  to  a 
depth  necessary  for  structural  thick- 
ness or  to  fresh,  hard  material.  Re- 
inforcing and  anchorages  were  pro- 
portioned to  the  seam  width  and  sur- 
rounding rock  conditions  so  as  to  pre- 
vent cracking  of  the  gunite  and  resist 
any  hydrostatic  loads  which  might  de- 
velop due  to  pressure  changes  within 
the  tunnel.  It  was  essential  also  that 
water  be  prevented  from  circulating 
along  mylonite  seams  and  reactivating 
seam  erosion. 

The  types  of  seam  repair  employed 
at  Kemano  proved  very  practical  and 
appear  to  be  the  only  method  which 
would  have  permitted  completion  of 
so  many  repairs  in  the  short  time 
available. 

Construction— 1961  Repair  and 
Maintenance 

The  propane  engine-driven  pump- 
ing equipment  on  the  barges  was  very 
successful  and  the  water  was  pumped 
down  at  the  rockfall  from  23  ft.  deep 
to  2 ft.  in  eight  days. 

Equipment  listed  under  ‘Prepara- 
tions’ was  all  of  the  correct  type.  To 
cope  with  the  increased  quantities, 
certain  units  were  duplicated  or  in- 
creased in  number,  mainly  the  dump- 
ters,  concrete  placing,  guniting  and 
drilling  units.  Also,  all  service  vehicles 
and  units  were  increased  to  be  able 
to  work  effectively  both  upstream 
and  downstream  from  Horetzky. 

To  reduce  the  mucking  time,  an 
operation  was  set  up  to  haul  material 
from  the  downstream  end  of  the  pile 
at  the  major  cavern  out  through  the 


2600  level  at  Kemano.  Here  access 
was  by  means  of  a rollout  section  in 
one  11  ft.  diameter  penstock.  This 
meant  a timber  roadway  8 ft.  wide 
could  be  installed.  Thus,  small  equip- 
ment had  to  be  used.  The  solution 
was  four  trains  composed  of  rubber- 
tired  farm  tractors  drawing  three  or  i 
four  rubber-tired  farm  wagons  carry-  I 
ing  3 cu.  yd.  steel  boxes  fabricated 
for  this  purpose.  The  wagons  were  | 
loaded  at  the  face  with  a 1 cu.  yd.  j 
front  end  loader,  and  dumped  at  the  ' 
2600  level  by  picking  up  the  wagon 
with  a boom  tnick.  The  haul  was  3/2 
miles  each  way.  Three-shift  operation 
of  this  unorthodox  arrangement 
cleared  1600  lineal  ft.  of  tunnel  of 
16,300  cu.  yd.  of  material  in  seven 
weeks.  This  effectively  cut  three 
weeks  off  the  time  of  the  shut-down. 

Ventilation  problems  could  not 
definitely  be  predicted  in  advance. 
When  indications  of  contaminated  air 
were  detected,  six  exhaust  fans  were  j 
installed  at  West  Tahtsa,  and  a bank  Î 

of  12  oil  heaters  at  the  bottom  of  the 
surge  shaft  at  the  2600  level.  The  \ 

heaters  were  later  replaced  by  a j 

wooden  diaphragm  with  eight  fans  | 

in  it  exhausting  up  the  surge  shaft.  | 

Two  sets  of  doors  in  the  penstock  s 

opened  for  hauling  muck  prevented 
the  short  circuiting  of  the  fans.  All 
fresh  air  entered  at  Horetzky  and 
access  here  was  not  interfered  with. 
Kitimat  Works  uses  a very  large  num- 
ber of  fans  of  all  types  so  that  imme-  j 

diate  availability  and  considerable  j 

flexibility  was  possible  in  dealing  with  j 

this  ventilation  problem.  | 

j 

All  forces  were  housed  at  Kemano  I 

and  travelled  back  and  forth  over  the  j 

Horetzky  road  by  bus.  Obviously,  the  j 

manpower  required  had  to  be  greatly  } 

increased  in  order  to  work  three  shifts  I 

and  in  many  places  simultaneously.  j 

The  total  force  was  built  up  to  140  j 

by  the  end  of  June,  250  by  mid-July,  [| 

350  by  mid-August,  and  remained  at  j; 

this  figure  to  the  first  week  in  1 

September.  ! 

Table  III  lists  the  major  items  of  ji 

materials  and  supplies  hauled  to  f 

Horetzky  and  used.  Table  IV  lists  the 
quantities  of  bulk  materials  handled  [ 

at  Horetzky. 

Upstream  from  Horetzky  concrete  j 

was  placed  in  12  locations,  with  steel  j 


TABLE  IV. 

Materials  Handled  in  Tunnel 


Muck  removed  upstream  of  Horetzky 3,560  cu.  yds. 

Muck  removed  from  downstream  through  Horetzky 16,500  “ “ 

Muck  removed  through  2600  level 16,300  “ “ 

Aggregate  produced  and  used 4,500  “ “ 

Concrete  Placed 5,000  “ “ 

Gunite;  Sand 1,100  “ “ 

Gunite  : Cement 8,000  bags 
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sets  or  steel  arches  being  used  in 
seven  of  these.  Aside  from  the  major 
cavern  downstream,  one  location  was 
improved  with  steel  sets  blocked  with 
timber  and  covered  with  mesh  and 
gunite. 

The  progress  at  the  major  cavern 
governed  the  completion  of  the  work. 
The  procedure  is  outlined  in  the  sec- 
tion ‘Actual  Design — Major  Cavern’. 

The  preparation  to  place  the  first 
stage  concrete  above  the  muck  pile 
started  July  8,  and  this  protective 
concrete  was  completed  August  1. 
The  second  bulkhead  and  concrete 
was  completed  August  10.  The  final 
steel  set  was  installed  August  23.  The 
second  stage  concrete  was  poured  by 
September  4,  and  the  grouting  com- 
pleted September  6.  The  mucking  was 
finished  September  8.  Cleanup  and 
drilling  of  holes  through  to  the  cavern 
was  finished  and  the  tunnel  filled 
on  September  11. 

Control  by  the  consulting  engineer 
was  by  means  of  a concrete  labora- 
tory at  Horetzky,  an  inspector  at  the 
mixer,  and  several  inspectors  on  all 
shifts  in  the  tunnel.  Particular  atten- 
tion was  paid  to  ensure  that  seam 
chipping  was  carried  far  enough,  that 
meshed  areas  were  sufficient,  that  sur- 
faces were  thoroughly  washed  prior 
to  guniting,  and  that  sufficient  depth 
and  density  of  gunite  was  secured. 

The  cost  of  this  work  was 

$2,100,000. 

Throughout,  the  word  “seam”  is 
used  to  apply  to  any  band  of  soft  or 
soluble  material,  in  most  cases  the 
result  of  faulting.  Regardless  of  the 
geological  distinction  between  mylon- 
ite  alone  or  gouge  alone,  all  seams 
were  considered. 

Engineering  Evaluation  of  Tunnel 

An  engineering  evaluation  of  the 
tunnel  after  the  repair  and  mainten- 
ance work  includes  the  factors  of 
future  permanence  and  of  the  eco- 
nomics to  date.  In  summary,  there 
should  be  no  future  significant  rock- 
falls,  and  in  spite  of  the  1961  repair 
and  maintenance  cost,  the  unlined 
tunnel  has  been  economical. 

The  troubles  which  occur  in  an 
unlined  tunnel  are  due  to  the  action 
ol  water  on  weaknesses  in  the  walls 
of  the  tunnel.  In  the  seven  years  of 
the  Kemano  tunnel  operation  the 
water  has  found  the  weaknesses  and 
corrective  measures  have  now  been 
taken.  A requirement  for  the  1961 
rc^pair  and  maintenance  work  was 
that  it  re.sult  in  a permanent  tunnel 
which  would  require  no  future  shut- 
down. The  repair  of  the  main  cavern, 
other  rockfalls  and  actively  eroding 
seams  has  bt'cn  thorough  and  per- 
manent. 


There  is  no  reason  to  expect  future 
trouble  from  the  concrete  lined  sec- 
tions, unlined  sections,  or  repaired 
tunnel.  The  only  questionable  area 
might  be  from  unknown  seams  be- 
hind the  original  thin  unreinforced 
gunite  which  were  not  exposed  dur- 
ing the  seven  years  of  operation.  The 
likelihood  of  trouble  from  this  source 
is  considered  remote.  Three  improb- 
able events  which  would  have  to  com- 
bine to  produce  a future  significant 
rockfall  are: — 

1.  That  several  large  seams  or  a 
group  of  small  seams  would  still 
be  hidden  under  the  gunite.  One 
seam  would  not  represent  a sig- 
nificant hazard.  That  a number 
together  would  not  have  some 
spots  of  spalled  gunite  after 
seven  years  of  operation  seems 
improbable.  Small  seams  had  in 
many  places  broken  through  the 
gunite  and  it  seems  improbable 
that  many  significant  seams 
remain  covered. 

2.  That  a seam  which  did  not  break 
through  the  gunite  in  seven 
years  will  break  through  in  the 
future.  Seams  which  have  re- 
mained sealed  by  the  gunite  for 
seven  years  have  established  a 
favourable  record  of  stability 
under  tunnel  operation.  All  evi- 
dence is  that  the  weak  areas 
started  developing  early  in  the 
service  of  the  tunnel,  which  in- 
dicates that  the  significant  seams 
broke  through  the  gunite  shortly 
after  tunnel  filling. 

3.  That  if  a “break-through”  oc- 
curred a major  rockfall  would 
result.  The  main  cavern  and  the 
smaller  rockfalls  were  caused  by 
a large  seam  or  numerous  small 
seams.  Such  a seam  or  seams 
could  not  be  expected  to  still 
be  fully  covered  by  the  original 
gunite.  If  a portion  of  a seam 
“breaks  through”  it  does  not 
mean  that  the  rest  will,  or  that 
a fall  will  result.  Many  seams 
were  substantially  eroded  with- 
out producing  a rockfall. 

The  cost  of  the  repair  was  unex- 
pected and  disappointing,  but  even 
in  retrospect  it  does  not  make  the 
original  decision  to  use  au  unliued 
tunnel  appear  to  be  wrong.  To  have 
concrete  lined  the  7.2  mile  length  of 
unlined  tunnel  would  have  cost  an 
additional  $12, 000, 000,  as  compared 
with  $1,100,000  (the  19.54  value  of 
the  $2,100,000  cost  on  the  basis  of 
“present  worth”),  that  could  have 
economically  been  spent  seven  years 
earlier  to  avoid  the  repair  cost.  Lining 
this  7.2  miles  would  have  delayed 
completion  of  the  project  at  least 
four  months.  The  Kemano  tunnel  ex- 


perience makes  it  possible  that  future 
unlined  tunnels  can  be  more  reliable 
and  more  economical,  since  repair  and 
maintenance  can  probably  be  antici- 
pated and  avoided.  The  3.3  miles  of 
unlined  and  the  3.9  miles  of  unrein- 
forced gunite  tunnel  performed  with- 
out trouble,  except  where  water  action 
on  erodible  or  soluble  seams  caused 
rockfalls.  Sound  rock  tunnel  walls 
which  survive  the  tunnel  blasting 
without  excessive  overbreak  and  which 
require  no  support  should  be  satisfac- 
tory for  an  unlined  tunnel,  if  erodible 
and  soluble  seams  are  adequately 
sealed. 

Operation  after  1961  Repair  and 
Maintenance 

With  the  units  initially  installed  in 
1954  flow  was  low  and  capacity 
limited.  No  check  was  made  of  the 
tunnel  loss  coefficient  before  rockfalls 
commenced. 

The  last  three  tests  in  Table  I now 
show  the  loss  coefficient  to  be  about 

0. 68. X 10  -'>,  which  is  about  7%  less 
than  the  originally  calculated  design 
coefficient.  Thus,  the  tunnel  will  pass 
more  than  the  calculated  maximum 
flow  of  4800  c.f.s. 

The  three  “flushing  tests”  made  in 
the  4.5  month  period  since  refilling 
show  a constant  head  loss. 
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The  paper  gives  an  account  of  the 
first  seven  years  of  operation,  1954- 
1961,  of  the  10-mile  long  pressure 
tunnel  at  the  Kitimat  development  of 
the  Aluminum  Company  of  Canada. 
Major  repairs  undertaken  in  1961 
which  had  become  necessary  after  a 
series  of  major  rock  falls  during  the 
years  1956-1961  are  described  in 
detail. 

The  decision  to  line  or  leave  un- 
lined a hydraulic  tunnel  depends  on 
many  factors,  geologic  and  economic. 
The  experience  gained  at  the  Kemano 
Tunnel  is  a valuable  contribution  to 
the  evaluation  of  this  problem. 

It  is  obvious  that  the  critical  un- 
known is  the  criteria  for  determining 
the  rock  conditions  that  are  in  them- 
selves adequate  and  do  not  need 
lining.  There  is  usually  insufficient 
geological  information  available  prior 
to  tunnel  driving  to  decide  where  to 
leave  the  tunnel  unlined. 

Weaknesses  in  the  rock  which 
demonstrate  their  instability  during 
tunnelling  operations  are  evident  and 
decisions  on  lining  or  other  forms  of 
protection  can  be  specified.  How- 
ever, other  weaknesses  which  are  only 
evident  during  operation  of  the  tun- 
nel are  less  evident  and  recpiire  suit- 


able techniques  for  their  detection 
which  have  yet  to  be  fully  developed. 

At  the  time  the  decision  was  made 
to  construct  an  unlined  tunnel,  the 
possibility  of  later  repairs  was  un- 
doubtedly taken  into  consideration. 
The  actual  extent,  as  well  as  the  cost, 
of  the  repairs  as  undertaken  appear  to 
have  been  larger  than  anticipated, 
but  to  quote,  “even  in  retrospect  this 
does  not  make  the  original  decision 
to  use  an  unlined  tunnel  appear  to  be 
wrong”.  If  the  cost  of  repair  is  com- 
pared with  the  additional  cost  of 
complete  lining,  a rather  large  margin 
results  in  favor  of  an  unlined  tunnel. 

However,  in  this  comparison  no 
account  was  taken  of  the  fact  that  a 
completely  lined  tunnel,  possessing 
essentially  similar  basic  hydraulic  per- 
formance characteristics  as  the  un- 
lined one,  viz,  the  same  head  loss- 
discharge  relationship,  could  be  of 
substantially  smaller  cross-section. 
The  savings  in  rock  excavation  for  a 
lined  tunnel  were  estimated  and  as 
a result  the  margin,  although  greatly 
reduced,  was  found  to  be  still  in 
favor  of  the  unlined  structure. 

To  complete  the  comparison,  con- 
sideration must  also  be  given  to  the 
economic  losses  due  to  a four-month 
delay  in  the  completion  of  the  project 
if  the  tunnel  were  lined.  This  four- 
month  delay  would,  of  course,  be 
somewhat  reduced  since  construction 
of  the  smaller  cross-section  would  also 
reduce  the  time  required  for  rock 
excavation.  It  appears  somewhat  dif- 
ficult without  further  extensive 
studies  to  establish  the  time  delay 
accurately  and  more  so  to  put  a 
realistic  economic  value  on  it.  Since 
any  allowance  for  economic  losses 
due  to  delay  would  increase  the  mar- 
gin in  favor  of  the  unlined  tunnel,  it 
would  appear  indeed  that  Alcan’s  de- 
cision to  build  the  unlined  tunnel  has 
been  correct. 

In  making  an  attempt  to  evaluate 
the  experience  for  future  application 
in  a variety  of  different  situations,  it 


is  suggested  that  the  decision  on  lin- 
ing or  not  lining  will  in  each  case 
also  depend  to  a large  extent  on  the 
nature  of  the  enterprise  constructing 
such  works.  It  does  appear  that  the 
soundness  of  Alcan’s  decision  for  the 
unlined  tunnel  hinges  on  the  fact 
whether  or  not  any  operating  losses 
were  sustained  during  the  five-year 
period,  1956-1961.  Apparently  Al- 
can’s smelting  and  refining  production 
requirements  during  those  years  were 
such  that  no  serious  power  shortage 
was  suffered.  However,  if  for  in- 
stance, a public  utility  were  involved, 
the  situation  would  be  rather  differ- 
ent. It  is  probably  reasonable  to  as- 
sume that  a utility  would,  in  the  first 
stage,  install  a generating  capacity 
consistent  with  the  full  capacity  of 
the  one  tunnel,  i.e.,  4800  c.f.s.  Pro- 
viding a liberal  allowance  of  about 
6%  for  outage  and  maintenance,  4500 
c.f.s.  could  thus  be  utilized  on  an 
average  annual  basis.  This  flow  would 
be  available  even  in  a minimum  water 
year  which  yields  4490  c.f.s.  Based  on 
this  assumption  and  on  Alcan’s  dis- 
charge capacity  measurements,  oper- 
ating revenue  losses  were  estimated, 
including  the  losses  during  the  period 
required  for  the  major  repair  opera- 
tion. The  magnitude  of  these  losses 
was  such  that  taken  together  with  the 
risk  of  a prolonged  service  interrup- 
tion the  decision  for  a public  utility 
might  be  rather  heavily  influenced  in 
favour  of  a lined  tunnel. 

The  experience  gained  at  Kitimat 
provides  most  valuable  background 
for  similar  future  undertakings.  The 
writers  were  especially  impressed 
with  the  ingenuity  and  resourceful- 
ness revealed  by  the  hydraulic  investi- 
gations and  the  organization  and  exe- 
cution of  the  repair  work.  The 
Aluminum  Company  of  Canada  is  to 
be  commended  for  making  their  ex- 
perience gained  with  this  project 
available  to  the  engineering  profes- 
sion. 

(Continued  on  page  70) 
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FOR  MORE  ECONOMICAL 
STEEL  STRUCTURES  USE 

AlGOMA-44 


CANADA’S  NEW  HIGH  STRENGTH 
STRUCTURAL  GRADE  STEEL 


New  ALGOMA-44  improves  the  economy  of 
structural  steel  over  other  building  materials. 
This  new  steel  from  Algoma  provides  yield 
strengths  up  to  33  per  cent  higher  than  other 
structural  grades.  In  some  structures  this  can 
mean  a net  weight  saving  of  20  per  cent.  New 
ALGOMA-44,  available  in  Plates,  Bars,  and 
Structural  Shapes,  also  offers  consistent  weld- 
ability and  improved  notch  toughness. 


THE  ALGOMA  STEEL 

CORPORATION,  LIMITED 

Sault  Ste.  Marie,  Ontario 


DISTRICT  SALES  OFFICES:  SAINT  JOHN  • MONTREAL  • TORONTO  • HAMILTON  • WINDSOR  • Wl NNIPEG  • VANCOUVER 
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Greetings 

From 

Sister  Societies 

In  recognition  of  the  75th  Anniversary  of  the  Engineering  Institute  of  Canada,  con- 
gratulations were  offered  by  many  sister  societies  around  the  world.  Many  of  these 
were  in  the  form  of  beautifully  intricate  scrolls.  Technical  difficulties  forbid  the  repro- 
duction in  colour  of  these  messages,  but  four  of  them  which  have  been  reproduced  in 
black  and  white  on  the  following  pages  are  typical. 

These  scrolls  and  messages  were  on  display  at  the  Queen  Elizabeth  Hotel  in 
Montreal  during  the  75th  Anniversary  Annual  General  Meeting  of  the  Institute  in  June. 
For  the  remainder  of  the  Anniversary  Year  many  of  these  messages  will  be  on  display 
at  Institute  Headquarters. 

The  Engineering  Institute  of  Canada  is  proud  and  grateful  of  its  firm  association  with 
the  learned  and  technical  societies  of  the  world. 

Agricultural  Institute  of  Canada 
American  Chemical  Society 
American  Concrete  institute 
American  Institute  of  Chemical  Engineers 
American  Institute  of  Electrical  Engineers 
American  Institute  of  Mining,  Metallurgical,  and  Petro- 
leum Engineers 

American  Society  for  Engineering  Education 
American  Society  for  Metals 
American  Society  for  Quality  Control 
American  Society  for  Testing  and  Materials 
American  Society  of  Agricultural  Engineers 
American  Society  of  Civil  Engineers 
American  Society  of  Heating,  Refrigerating  and  Air- 
Conditioning  Engineers,  Inc. 

American  Society  of  Mechanical  Engineers 
American  Society  of  Safety  Engineers 
American  Railway  Engineering  Association 
Arctic  Institute  of  North  America 
Association  des  Ingénieurs  et  Architectes  Haïtiens 
Brazilian  Federation  of  Engineering  Associations 
Canadian  Aeronautics  and  Space  Institute 


I Canadian  Association  of  Physicists 

I Canadian  Council  of  Professional  Engineers 

I Canadian  Institute  of  Mining  and  Metallurgy 

I Canadian  Mathematical  Congress 

I Canadian  Pulp  and  Paper  Association 

I Centro  Paraguayo  de  Ingenieros 

I Dansk  I ngeniorforening 

I Engineers  Council  for  Professional  Development 

I Engineers  Joint  Council 

I Hungarian  Canadian  Engineers  Association 

[ Institute  of  the  Aerospace  Sciences 

< Institute  of  Engineers  (Pakistan) 

''  Institution  of  Civil  Engineers  of  Ireland 

Institution  of  Engineers  (Australia) 

Institution  of  Chemical  Engineers  (Britain) 

Institution  of  Engineers  (Ceylon) 

Institution  of  Engineers  (India) 

La  Sociedad  Cubana  de  Ingenieros 
National  Academy  of  Science  of  the  United  States 
National  Council  of  the  State  Boards  of  Engineering 
Examiners 

National  Society  of  Professional  Engineers 
New  Zealand  Institution  of  Engineers 
Norwegian  Society  of  Engineers 
Ordem  dos  Engenheiros  (Portugal) 

Royal  Architectural  Institute  of  Canada 
Royal  Canadian  Geographical  Society 
Royal  Institution  of  Engineers  in  the  Netherlands 
Royal  Society  of  Canada 
Sociedad  Colombiana  de  Ingenieros 
Société  Royale  Belge  des  Ingénieurs  et  des  Industriels 
Swiss  Society  of  Engineers  and  Architects 
South  African  Institute  of  Electrical  Engineers 
South  African  Institution  of  Mechanical  Engineers 
Svenska  T eknologforeningen 
Swiss  Association  of  Professional  Engineers  and 
Architects 

Tekniska  Foreningen 
Verein  Deutcher  Ingenieure 
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3936 

WINDOWS 

Designed 
Manufactured 
and  Installed  By 

TRUSCON 


Each  window  was  custom- 
designed  and  carefully 
tested  for  strength,  stabil- 
ity and  weather  tightness. 
Windows  are  made  of 
aluminum  with  external 
finish  of  black  porcelain 
enamel. 


CANADIAN  IMPERIAL 
BANK  OF  COMMERCE 
Montreal,  Que. 


Architects: 

Peter  Dickinson, 

Ross  Fish, 

Duschenes  and  Barrett 


General  Contractor: 
Perini  Limited. 


The  windows  float  in  the  openings  on 
a cushion  of  Thiokal,  so  they  are  not 
affected  by  the  structural  movements 
normal  to  a building  of  this  size. 

We  are  proud  of  the  part  we  played  in 
the  construction  of  the  highest  building 
in  Canada. 


DOMINION  STEEL  AND  COAL  CORPORATION  LIMITED 

TRUSCON  STEEL  WORKS 


LA  SALLE.  QUEBEC 


TECHNICAL  PAPERS 
FOR  THE  1963 
ANNUAL  GENERAL  MEETING 


Those  wishing  to  submit  technical  papers  for 
presentation  at  the  Annual  Meeting  in  Quebec 
City,  May,  1963,  are  reminded  that  the  dead- 
line for  submission  of  papers  is  January  31, 
1963. 

Abstracts  of  the  papers  to  be  submitted  should 
Ije  sent  without  delay  to  the  Chairmen  of  the 
Divisions  concerned  for  consideration.  These 
should  he  addressed  to  the  appropriate  Tech- 
nical Division  of  the  C.T.O.  as  follows: 


CIVIL  ENGINEERING:  Dr.  R.  M.  Hardy,  Hon. 
M.E.I.C.,  10214-1 12th  St.,  Edmonton,  Alta. 

BRIDGE  & STRUCTURAL:  A.  M.  Bain,  M.E.I.C., 
c/o  Dominion  Bridge  Co.  Ltd.,  P.O.  Box  280,  Mont- 
real, Que. 


i 


GEOTECHNICAL:  Dr.  R.  E.  Legget,  M.E.I.C.,  Na- 
tional Research  Council,  Ottawa  2,  Ont. 


MINING  & METALLURGICAL:  Dr.  R.  P.  Charhon-  à 
nier,  M.E.I.C.,  Senior  Scientific  Officer,  Dept,  of  I 
Mines  & Technical  Surveys,  562  Booth  St.,  Ottawa  4,  ? 

Ont. 

CHEMICAL  ENGINEERING:  Dean  G.  W.  Govier,  1 
M.E.I.C.,  Eaculty  of  Engineering,  University  of 
Alherta,  Edmonton,  Alta. 

MECHANICAL:  Professor  A.  R.  Edis,  M.E.I.C.,  De- 
partment of  Mechanical  Engineering,  McGill  Uni- 
versity, Montreal,  Que. 

WELDING:  (No  Chairman  appointed  as  yet — send 
papers  to  Mechanical  Division.) 

THERMAL  POWER:  D.  L.  Harris,  M.E.I.C.,  Chief 
Engineer,  Mechanical  Services  & Thermal  Division, 
Shawinigan  Engineering  Co.  Ltd.,  620  Dorchester 
Blvd.  W.,  Montreal,  Que. 

HYDRO-ELECTRIC:  J.  A.  Thomas,  M.E.I.C.,  Shawin- 
igan Engineering  Co.  Ltd.,  620  Dorchester  Blvd.  W., 
Montreal,  Que. 


ELECTRICAL:  A.  J.  Girdwood,  M.E.I.C.,  Chief  En- 
gineer, Leland  Electric  Canada  Ltd.,  Guelph,  Ont. 

COMMUNICATIONS,  ELECTRONICS  & AUTOMA- 
TION: Professor  G.  S.  Glinski,  M.E.I.C.,  Dept,  of 
Electrical  Engineering,  University  of  Ottawa,  Ottawa, 
Ont. 

ENGINEERING  EDUCATION:  Professor  A.  Porter. 
M.E.I.C.,  Dept,  of  Industrial  Engineering,  University 
of  Toronto,  Toronto,  Ont. 

MANAGEMENT:  W.  L.  Hutchison,  M.E.I.C.,  Moffats 
Limited,  Weston,  Ont. 
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Canadian  Developments 


FIRST  CO-OP  ENGINEERS 

On  July  7,  1962,  a group  of  pioneering 
university  students  received  Bachelor 
of  Applied  Science  degrees  from  the 
University  of  Waterloo.  These  are  the 
students  who  were  among  the  first  to 
enrol  in  the  University’s  co-operative 
engineering  program  inaugurated  in  July, 
19.57. 

The  University  of  Waterloo’s  co-  . 
operative  program  called  for  alternating 
academic  terms  on  the  campus  with  on- 
the-job  training  terms  in  industry  for 
practical  e.xperience,  with  one  group  at 
the  university  while  the  other  was  in 
industry.  In  this  way,  the  University  felt 
it  could  offer  a well-rounded  program  of 
professional  training  and  education, 
obtain  year-round  u.se  of  university  facili- 
ties and  maintain  a sizable  enrolment 
without  sacrificing  academic  standards. 

When  the  first  students  enrolled,  the 
university  had  no  background  in  engi- 
neering education,  only  a handful  of 
faculty  members,  limited  classroom  and 
laboratory  space  and  only  a few  books. 
At  the  time,  Waterloo  did  not  have  a 
university  charter. 

Tlie  University  of  Waterloo  is  now 
fully  accredited  and  recognized.  The 
Engineering  enrollment  is  one  of  the 
largest  in  Canada,  and  ever  since  the 
program  began,  indu.stry  has  co-operated 
by  employing  the  students  for  their 
training  terms. 

There  were  approximately  70  men 
in  the  University’s  first  graduating  class. 
The  majority  of  these  have  accepted 
positions  in  indu.stry  and  in  most  cases 
with  companies  which  have  been  par- 
ticipating in  the  co-operative  program. 

Dr.  Harvey  R.  L.  Streight,  principal 
chemical  engineer  with  DuPont  of 
Canada’s  Engineering  Department,  was 
awarded  an  Honorary  Degree  of  Doctor 
of  Science  (D.Sc)  at  the  University  of 
Waterloo. 

Dr.  Streight’s  industrial  career  began 
with  Imperial  Chemical  Industries  in 
England.  He  joined  Canadian  Industries 
Limited  in  19.37,  and  in  19.54  became  a 
member  of  DuPont  of  Canada’s  en- 
gineering Department.  Dr.  Streight  is  a 
former  director  of  the  Chemical  In- 
stitute of  Canada;  and  has  been  an 
active  member  of  the  Canadian 
Standards  Association.  In  1959  he  was 
awarded  the  Plummer  Medal  of  the 
Engineering  Institute  of  Canada.  Dr. 
Streight,  together  with  his  company,  is 
a holder  of  a number  of  patents  in 
several  countries.  Dr.  Streight  is  active 
in  church  and  charitable  organizations. 
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First  Engineering 
Degrees  at  RMC 

Three  outstanding  Canadian  engineers 
were  awarded  honorary  degrees  during 
the  June  1 convocation  at  the  Royal 
Military  College,  Kingston.  And  for  the 
first  time  in  the  College’s  history,  en- 
gineering degrees  were  awarded. 

The  College  received  degree-granting 
power  in  1958,  and  all  cadets  who 
graduated  in  Arts  and  Science  since  its 
re-opening  in  1948  have  received  BA  or 
BSc  degrees. 

The  engineers  awarded  honorary  de- 
grees were:  Dr.  John  Bertam  Stirling, 
Hon.  M.E.I.C.;  Lt.-Col.  L.  F.  Grant, 
M.E.I.C.;  and  Professor  H.  H.  Lawson. 
Dr.  Stirling  and  Col.  Grant  are  past 
Presidents  of  the  Engineering  Institute 
of  Canada.  Professor  Lawson,  an  RMC 
graduate  himself,  was  a member  of  the 
College  staff  for  25  years. 

At  tire  convocation,  I3I  young  of- 
ficers received  degrees,  58  in  engineering, 
39  in  science  and  34  in  arts. 

LAKEVIEW  OPENS  OFFICIALLY 

The  Lakeview  thermal-electric  power 
station  at  Toronto,  xvhich  by  1966  will 


have  a generating  capacity  equal  to 
Ontario  Hydro’s  two  major  Niagara  River 
developments,  was  officially  opened 
earlier  this  summer. 

The  coal-fired  Lakeview  Generating 
Station,  costing  an  estimated  $217  mil- 
lion, marks  an  important  step  in 
Ontario  Hydro’s  long-term  planning  to 
meet  future  power  demands. 

Construction  of  the  Lakeview  station  i 
began  in  June,  1958,  and  the  first  i 
300,000  kw.  unit  produced  energy  for 
the  province  in  October,  1961.  By  1966,  | 
Lakeview  will  have  a capacity  of  1,800-  | 
000  kw.,  enough  to  supply  more  than  i 
one  million  homes.  I 

Automation  plays  an  important  role  f 
in  promoting  cost-saving  and  efficiency  5 
at  the  Lakeview  plant.  Two  self-unload-  } 
ing  coal  carriers  can  tie  up  simultané-  | 
ously  at  the  2000  foot  dock  which  juts  ‘ 
into  Lake  Ontario,  and  discharge  their  i 
cargoes  into  hoppers.  A belt  travelling  1 
at  630  feet  per  minute,  carries  the  coal  j 
at  2000  tons  per  hour,  through  a [ 
weatherproof  dock  tunnel  to  huge  con- 
veyors that  spread  coal  on  a massive  I 
storage  pile.  From  there,  a smaller  con-  | 
(Continued  on  page  60)  ' 


This  photograph  was  taken  at  the  June  1 Convocation  at  RMC.  From  the  left: 
Lt.-Col.  L.  F.  Grant,  M.E.I.G.;  Dr.  J.  B.  Stirling,  Hon.  M.E.I.C.;  Brigadier  G.  H. 
Spencer,  M.E.I.C.,  Commandant  of  RMC;  and  Professor  H.  H.  Lawson. 
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does  it  better! 


because  DEXION 


!\ny  man  who  can  tighten  a bolt  can 
)uild  plant  and  warehouse  equipment 
with  DEXION  Slotted  Angles. 

^Issembly  benches,  platforms,  shelving 
. . big  items  or  small,  mobile  or 
fixed  — they’re  all  easy  to  tailor-make 
with  DEXION.  And  lots  cheaper. 

No  skilled  labor  needed  — and  hardly 
any  tools.  DEXION  is  pre-engineered 
(pre-painted  too).  Simply  cut  it  and 
bolt  it.  The  patented  pattern  of  slots 
and  holes  insures  completely 
dependable  joints.  And  dismantled 
DEXION  is  endlessly  re-usable. 

Find  out  about  this  easier,  better 
way  to  equip  your  plant.  Call  your 
local  DEXION  man  today.  Or  send 
coupon  for  idea-packed  free 
DEXION  literature. 


DEXION  (CANADA)  LTD. 

114  CLAYSON  RD.  WESTON,  ONT. 
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(Continued  from  page  58) 
veyor  carries  the  coal  into  the  power- 
house  where  it  is  pulverized  and  blown 
into  the  high  steam  generator. 

Steam,  heated  and  reheated  to  1000 
degrees  Fahrenheit,  drives  the  first  six 
300,000-kilowatt  turbo-generators,  the 
largest  in  Canada.  Each  of  the  plant’s 
boilers  will  be  capable  of  nroducing 
2,000,000  pounds  of  steam  an  hour. 

At  full  operation,  the  plant  will  draw 
condenser  cooling  water  from  Lake  On- 
tario at  a rate  of  more  than  one  million 
gallons  a minute.  The  water  will  be 
returned  to  the  lake  unpolluted.  Each 
unit  will  burn  more  than  100  tons  of 
coal  an  hour. 

ROLPHTON  ON  POWER 

The  first  electricity  to  be  produced 
by  a nuclear  power  plant  in  Canada  was 
sent  into  the  transmission  lines  of  On- 
tario Hydro  at  Rolphton,  Out.,  at  the 
beginning  of  June.  Commissioning  of  the 
Nuclear  Power  Demonstration  Station 
has  been  under  way  since  the  reactor  in 
the  .station  first  started  to  “burn”  ura- 
nium, and  thus  to  produce  heat,  on  April 
11,  1962.  The  ne.xt  stage  was  to  rt.se  heat 
from  the  reactor  to  produce  steam. 

Finally,  with  all  the  complex  circuits 
fully  tested,  the  plant  operators  opened 
the  steam  circuit  to  the  turbine  which 
drives  the  electricity  generator,  sending 
electricity  produced  from  the  reactor  to 
produce  steam.  The  .station  is  expected 
to  produce  its  full  power  output  of 
20,000  kilowatts  of  electricity  within  the 
next  few  months. 

Heavy  water  is  used  in  the  NPD 
reactor  to  enable  the  uranium  to  “burn” 
and  also  to  transfer  heat  from  the 
reactor  to  the  .steam  generator,  where 
ordinary  water  is  converted  to  steam.  A 
cpiestion  often  raised  has  been  whether 
or  not  the  los.ses  of  e.xpensive  heavy 
water  could  be  kept  sufficiently  low  by 
development  of  leak-tight  joints  in  piping 
and  by  designing  systems  to  catch  any 
heavy  water  that  might  escape.  Pleavy 
water  los.ses  to  date  have  been  well 
below  the  limits  set  by  the  plant 
de.signers. 

A prototype  for  larger  plants,  such  as 
the  200, 000  kilowatt  Douglas  Point 
Nuclear  Power  Station  now  under  con- 
struction on  the  ea.stern  shore  of  Lake 
fluron,  the  $33  million  NPD  .station  was 


built  as  a co-operative  project  of  the 
Atomic  Energy  of  Canada  Limited, 
Ontario  Plydro  and  Canadian  (.General 
Electric  Company  Limited. 

SASKATCHEWAN  REUNION 

A .50th  Anniversary  Engineering  Re- 
union sponsored  by  the  University  of 
Saskatchewan  Alumni  Association  and 
the  College  of  Engineering  xvill  be  held 
in  Sa.skatchewan  on  October  5-6. 

The  program  will  include  two  papers. 
Dr.  Neil  B.  Hutcheon,  ’33,  Assi.stant 
Director,  Division  of  Building  Research, 
National  Research  Council,  Ottawa,  will 
discuss  “Re.search”.  Charles  C.  Hay,  ’25, 
President,  Royalite  Oil  Company,  Cal- 
gary, will  talk  on  “Industry”.  These 
papers,  to  be  presented  on  the  morning 
of  the  fifth,  will  be  followed  by  a .stag 
luncheon  at  the  Bessborough  Hotel. 

The  afternoon  program  will  include 
the  official  opening  of  an  addition  to 
the  engineering  building.  The  speaker 
will  be  Dr.  C.  J.  Mackenzie,  Dean  of 
Engineering  from  1921  until  1939,  and 
former  President  of  the  National  Research 
Council,  Ottawa.  A conducted  tour  of 
the  engineering  building  and  research 
areas  will  be  held.  In  the  evening  there 
will  be  a mixed  reception,  a banquet 
and  a dance  at  the  Bes.sborough  Hotel. 

Saturday’s  program  includes  the  Stu- 
dents’ Alumni  Homecoming  Parade,  an 
Intervarsity  football  game  between  the 
Huskies  and  the  University  of  Alberta 
Golden  Bears,  and  a post  game  Alumni 
Party. 

PETROLEUM  TECHNOLOGY 

A hand.some  new  journal  designed  to 
disseminate  and  preserve  current  litera- 
ture on  the  technology  of  the  Canadian 
petroleum  and  natural  gas  industry  has 
been  introduced.  Called  “The  Journal  of 
Canadian  Petroleum  Technology”  it  is 
being  published  quarterly  by  the  Petro- 
leum and  Natural  Gas  Division  of  the 
Canadian  Institute  of  Mining  and  Metal- 
lurgy. 

Primarily,  the  journal  will  publish 
papers  presented  at  annual  technical 
meetings  or  other  meetings  of  the  Petro- 
leum and  Natural  Gas  Division. 

GRAND  RAPIDS  PROJECT 

Several  features,  unique  in  the  power 
development  construction  field,  are  be- 


ing encountered  in  the  construction  of 
the  $140  million  Grand  Rapids  Project 
by  Manitoba  Hydro.  Now  in  the  rock 
excavation  stage,  the  project  will  require 
the  construction  of  16  miles  of  earth  dike 
calling  for  nine  million  cubic  yards  of  fill 
material.  This  will  be  used  to  form  a 
forebay  reservoir  covering  approximately  j 
2,000  square  miles  and  will  be  one  of  . 
the  largest  lakes  in  Manitoba.  ' 

The  most  critical  aspect  of  the  project 
was  dependent  upon  the  success  of  con- 
trolling bedrock  seepage  through  the 
porous  limestone.  The  project  area  is 
covered  with  shallow,  glacial-derived 
overburden.  Many  surface  depressions, 
indicative  of  sink  holes  underground,  and 
numerous  springs  were  the  main  indica- 
tions of  substantial  flow  through  the 
loose  honeycomb-like  mass  of  bedrock. 
The  most  practical  method  of  preventing 
excessive  leakage  from  the  reservoir 
would  be  the  construction  of  a grout 
curtain.  This  meant  grouting  a water- 
proof fence  up  to  a depth  of  200  feet 
beneath  the  floor  along  16  miles  of  dike,  j : 
the  largest  grouting  operation  ever  1 
attempted. 

EHV  IN  ONTARIO  | 

An  extra-high-voltage  (EHV)  line,  de-  j 
signed  to  carry  electricity  farther  and  in  j 
greater  quantity  than  any  transmission  ! 
line  in  Ontario,  is  under  construction  be-  ‘ 
tween  James  Bay  and  the  Sudbury  area,  i 
a distance  of  230  miles.  New  V-shaped 
towers,  Canadian-designed  and  manufac-  1 , 
tured,  are  being  used  for  the  first  time 
by  Ontario  Hydro.  Each  tower  carries  12 
conductors,  or  lines,  arranged  in  three 
squares  or  bundles. 

Extra-high-voltage  has  been  the  key 
factor  in  the  development  of  the  rich  . 
potential  of  low-cost  power  in  the  far  | 
northern  reaches  of  Ontario.  Tests  con-  i 
ducted  over  an  experimental  line  estab-  I'* 
lished  the  most  economical  method  of 
transmission  would  be  at  voltages  around  1 
500,000.  This  would  provide  more  than  I 
four  times  the  power-carrying  capacity 
of  the  230,000  volts  lines  now  used  by 
Ontario  Hydro. 

By  1966,  more  than  500,000  kilowatts 
of  electricity  from  four  new  plants  on 
the  James  Bay  watershed  will  be  moving 
to  a central  collection  point  at  the  north- 
ern end  of  the  line  for  transmission  to  | 
southern  markets. 


Ninth  Maritime 
PROFESSIONAL  ENGINEERS 
CONFERENCE 


Digby  Pines  Hotel, 

Digby,  N.S. 

Registration 


— September  5 


September  6,  7,  8, 
1962 


Th  is  important  conference  includes  a significant  technical  program,  business 
sessions,  and  an  active  ladies'  and  social  program. 


The  speaker  at  the  closing  dinner  will  be  R.  L.  Stanfield, 

Premier  of  Nova  Scotia. 
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THE  NEW 

CANADIAN  IMPERIAL 


Architect;  Peter  Dickinson 

Supervising  Architects:  Ross,  Fish,  Duschenes  8i  Barrett 

Architects  and  Design  Consultants  to 
the  Canadian  Imperial  Bank  of  Commerce;  Clifford  8i  Laiirio 
Consulting  Mechanical  Engineers;  G.  Granek  and  Associates 
General  Contractor;  Perini  Ltd. 

Mechanical  Contractors:  English  & Mould  (Quebec)  Ltd. 

SOLD  THROUGH  LEADING  OISTîîIbUTORS  FVtRVVL  RLuL 


BANK  OF  COMMERCE 

BUILDING 


Montreal’s  skyline  is  displaying  an  impres- 
sive new  profile.  A slim  600-foot  giant,  the 
new  Canadian  Imperial  Bank  of  Commerce 
building  — Canada’s  highest  — is  continuing 
witness  to  Montreal's  rapid  growth  and  vig- 
orous business  climate.  Many  highly  devel- 
oped skills  of  the  construction  industry  have 
been  applied  to  this  project.  Evidence  of  this 
is  the  selection  of  a great  variety  of  Jenkins 
valves  installed  throughout  the  43-floor  struc- 
ture for  accurate  control  of  its  complex  heat- 
ing, plumbing  and  air-conditioning  systems. 
Chosen  for  their  proven  standards  of  per- 
formance, Jenkins  valves  will  long  continue 
to  help  maintain  the  reputation  of  the  new 
Canadian  Imperial  Bank  of  Commerce  build- 
ing as  one  of  the  nation’s  finest.  When  plan- 
ning your  next  heating  or  plumbing  installa- 
tion, specify  quality— specify  reliable  Jenkins 
valves.  Jenkins  Bros.  Limited,  Lachine,  Que. 
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Charles  T.  Meredith,  formerly  Sales 
Representative  for  Anaconda  American 
Brass  Limited  in  Eastern  Canada,  has 
been  appointed  Eastern  Sales  Manager, 
succeeding  Donald  F.  Cornish  who  has 
been  appointed  Assistant  Sales  Manager 
with  headquarters  in  New  Toronto. 


Donald  F.  Cornish  Charles  T.  Meredith 


Lloyd  G.  Brown  formerly  Label  Service 
Supervisor  at  Underwriters’  Laboratories 
of  Canada  has  been  appointed  resident 
inspector  at  Winnipeg  and  will  serve  as 
the  ULC  inspector  and  general  repre- 
sentative for  the  Prairie  provinces.  John 
Vilim,  formerly  in,spector  at  Winnipeg, 
has  been  tran.sferred  to  Montreal  and 
will  be  respon,sible  for  inspection  activi- 
ties in  Quebec.  David  S.  Martin  will 
assume  the  newly  created  post  of  Chief 
Engineer. 

Theo  M.  Parr,  M.E.r.c.,  has  been  ap- 
pointed a vice-president  of  Canadian 
Ingersoll-Rand  Company  Limited.  Mr. 
Parr  joined  the  company  in  1927.  In 
1960  he  was  appointed  to  act  in  an 
executive  capacity  on  .sales  and  service. 
In  1961  he  was  appointed  a director  of 
the  company. 


Theo  M.  Parr 


Lars  J.  Firing 


Lars  J.  Firing  has  been  appointed  Presi- 
dent and  General  Manager  of  Reduc- 
tioneering  Limited.  Mr.  Firing  has  had 
an  extensive  background  in  process  en- 
gineering and  production  management. 


George  L.  Olts  has  been  appointed  Man- 
ager of  the  Building  Division,  and  James 
D.  Jarrell  as  Comptroller  at  Perini 
Limited,  Toronto.  A.  D.  McKee,  W.  M. 
Doyle  and  D.  R.  Hinton  have  resigned 
their  positions  to  form  their  own  general 
contracting  firm,  McKee,  Doyle,  Hinton 
Limited,  with  head  offices  in  Toronto. 

Earl  C.  Findlay  has  been  named  Vice 
President-Technical  Director  for  Cana- 
dian Zurn  Industries  Ltd.  Mr.  Findlay 
has  had  more  than  25  years  engineering 
and  technical  sales  experience  in  tlie 
fields  of  mechanical  power  transmission 
and  fluid  handling.  Mr.  Findlay  will  co- 
ordinate engineering  and  sales  functions 
of  the  Canadian  Zurn  Fluid  Control  and 
Mechanical  Power  Transmission  Divi- 
sions. Mr.  Findlay  will  be  located  at  the 
company’s  offices  in  Toronto. 


Earl  C.  Findlay 


A.  J.  Poynton 


A.  J.  Poynton  has  been  appointed  Super- 
intendent of  the  Shell  Oil  Company  of 
Canada’s  Montreal  East  Refinery.  Mr. 
Poynton  joined  Shell  in  1957  as  a tech- 
nologist in  the  Topping  and  Thermal 
Cracking  Department.  Prior  to  his  pres- 
ent assignment,  he  was  chief  technolo- 
gist of  the  Montreal  East  plant. 


R.  J.  Lerou  has  been  appointed  Vice 
President  Sales  Promotion  and  Engineer- 
ing at  Josam  Products  Limited,  Toronto. 
C.  H.  Swanson  has  been  appointed  Vice- 
President  Production  and  Purchasing  for 
the  firm. 


Peter  M.  Titcombe  has  been  appointed 
Sales  Engineer  in  Ontario  for  Dominion 
Bridge  Company’s  Mechanical  Division. 
Mr.  Titcombe  has  considerable  sales  and 
engineering  experience.  He  will  be 
located  in  Toronto. 


John  R.  M.  Szogyen-Delmar,  m.e.i.c. 
(U.B.C.  ’51)  formerly  in  charge  of  Rotat-  i 
ing  Machine  Engineering  with  English 
Electric  Canada,  Toronto,  has  become 
Chief  Electrical  Engineer  with  Electro 
Dynamic  in  Bayonne,  N.J.  Mr.  Szogyen- 
Delmar  has  been  chairman  of  the  Cana- 
dian Standards  As.sociation  Committee  on 
Rotating  Electrical  Machines,  is  a mem- 
ber of  the  American  Institute  of  Elec- 
trical Engineers  and  the  Association 
Suisse  des  Electrician. 


D.  D.  Richardson 


J.  R.  M.  Szogyen- 
Delmar 


1 

j 

D.  D.  Richardson  has  been  appointed 

Assistant  Vice  President  assuming  addi- 
tional responsibilities  in  the  Materials  , 
Handling  Division  of  International  | 
Equipment  Company  Limited.  In  his  j 
present  capacity  he  will  continue  to  ^ 
direct  the  sales  of  the  company  in  Que-  s 
bee  and  the  Maritimes.  B.  O.  Glenn  j 
has  been  appointed  Assistant  Vice  Presi-  } 
dent  in  Calgary,  and  will  continue  to  ^ 
direct  the  activities  of  the  Western  | 
Branches  of  the  company.  | 

j 

Morley  G.  Taylor,  m.e.i.c.  (N.S.T.C.  ’27, 
M.I.T.  ’31)  was  recently  appointed  Presi-  I 
dent  of  Canadian  International  Power  t 
Company  Limited.  Mr.  Taylor  is  also  S 
President  and  Chief  Executive  officer  of  | 
International  Power  Company  Limited,  j 

j 

E.  de  Haas,  m.e.i.c.  (Delft.  ’46),  formerly  ■ . 

Head  of  Electrical  and  Mechanical  En-  ( 
gineer  with  the  3BEV  Accelerator  Proj-  [ 
ect  at  Princeton  University,  has  joined  j 
the  Radio  Corporation  of  America,  Astro  j ■ 
Division  in  Princeton.  This  Division  is  J 
concerned  with  the  design  and  manufac-  1 1 
ture  of  spacecraft,  and  as  Senior  Engi-  r 
neer  in  Advanced  Power  Systems,  Mr.  U 
de  Haas’  work  will  consist  of  the  design  ji 
of  electrical  systems  for  satellites,  space-  j« 
probes  and  space  stations,  both  manned  j' 
and  unmanned.  i 
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j N.  A.  Eager,  m.e.i.c.  (McGill  ’22,  Cornell 
I ’23)  has  been  appointed  Vice-President 
' and  Direetor  of  Slater  Steel  Industries 
Limited. 

R.  K.  Thoman,  m.e.i.c.  (Queen’s  ’36)  has 
been  appointed  President,  Burlington 
Division  and  Vice-President  of  the  Slater 
Steel  Industries  Limited. 

Ivan  F.  Ronalds,  m.e.i.c.  (U.N.B.  ’41) 
has  been  appointed  Vice-President  in 
charge  of  the  Vancouver  office  of  Foun- 
dation of  Canada  Engineering  Corpora- 
tion Limited  (FENCO).  He  was  previ- 
ously in  FENCO’s  Toronto  office  as 
Division  Engineer,  Mining  and  Metal- 
lurgy. Mr.  Ronalds  has  also  had  exten.sivc 
experience  in  design  and  construction 
in  the  fields  of  transportation  and  hydro- 
electric power.  He  is  a member  of  the 
consulting  practice  committee  of  the 
A.P.E.O. 

H.  C.  Rynard,  m.e.i.c.  (Toronto  ’51)  has 
been  appointed  Manager  of  the  new 
Montreal  offices  of  H.  G.  Acres  & Com- 
pany Limited,  International  Consultants 
with  head  offices  in  Niagara  Falls,  Ont. 
Mr.  Rynard  joined  the  company  in  1951, 
and  in  recent  years  has  filled  senior  en- 
gineering and  management  positions  with 
the  firm  on  industrial,  municipal,  trans- 
portation, hydro-electric  and  thermal- 
electric  power  supply  projects.  Mr. 
Rynard  is  a Director  of  H.  G.  Acres  & 
Company  Ltd.,  Acres  International 
Limited,  and  a partner  in  the  firm  of 
Simpson,  Travers  & Associates. 

Lewis  W.  Vaughan,  m.e.i.c.  (Toronto 
’50),  formerly  Engineering  Supervi.sor  at 
Underwriters’  Laboratories  of  Canada, 
has  been  appointed  Assistant  General 
Manager.  Mr.  Vaughan  has  been  a mem- 
ber of  the  ULC  staff  since  1950. 

E.  A.  Ford,  m.e.i.c.  (Manitoba  ’27)  has 
been  re-elected  President  of  the  Cana- 
dian Institute  of  Steel  Construction.  The 
C.l.S.C.  is  a national  organization  repre- 
senting the  structural  steel  and  plate 
fabricating  industries. 

W.  J.  McNicol,  M.E.I.C.  (U.B.C.  ’50)  has 
been  appointed  manager  of  the  Canadian 
Westinghouse  Manufacturing  and  Re- 
pair Division.  He  was  previou.sly  ap- 
paratus sales  manager  for  the  company’s 
Ontario  district. 

Donald  I.  McGillivray,  m.e.i.c.  (Queen’s 
’37)  formerly  In.spection  Engineer  at 
Underwriters’  Laboratories  of  Canada, 
has  been  as.signed  the  newly  created 
title  of  Chief  Inspector  with  full  re- 
sponsibility for  in.spection  operations  at 
factories  producing  ULC  li.stcd  equip- 
ment. 


R.  F.  U.  Icely  has  been  appoined  assist- 
ant plant  manager  at  Union  Carbide 
Canada  Limited’s  Chemicals  and  Plastics 
Division,  Montreal  East  installation.  Mr. 
Icely  has  been  associated  with  the  divi- 
sion .since  1956  as  works  engineer. 


Obituaries 

John  Van  Nostrand  Dorr  (Rutgers  ’94) 
died  June  29  in  a Connecticut  hospital. 


He  was  90.  Mr.  Dorr  was  a pioneer  in 
chemical  engineering,  and  is  credited 
with  early  applying  chemical  engineer- 
ing principles  to  e.xtractive  metallurgy 
and  generally  with  ha.stening  the  transi- 
tion from  intermittent  to  continuous 
operation.  This  facilitated  mass  produc- 
tion in  many  industries.  A founder  or 
partner  in  many  companies,  Mr.  Dorr 
was  Chairman  Emeritus  of  Dorr-Oliver 
Incorporated,  an  inteniationally-known 
engineering  firm. 
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BRISTOL  gives  you  more 

DIGITAL  LOGGING 

for  your  money 


Costs  Less  than  comparable  equipment  • More  Versatile 
(logs  only  information  needed  - no  more)  • Handles 
hundreds  of  variables  at  a time  • More  Options 

Data-Master  digital  data  loggers  can  automatically  collect 
and  log  hundreds  of  readings  from  hundreds  of  points — any 
variables  or  combination  of  variables  that  can  be  recorded 
or  indicated. 

Versatile,  portable,  reliable — Data-Master  Loggers  are  sold 
in  a number  of  types,  each  with  many  optional  features,  to  fill 
almost  every  Data  Logging  need. 

Write  for  Bulletin  D400  today. 


Earl  C.  Findlay  ha.s  been  appointed 
Vicc-Pre.sident  and  Technical  Director 
of  Canadian  Zurn  Industries  Limited,  a 
subsidiary  of  Zurn  Indu.stries  Inc.,  Eric, 
Pa. 


B R I SlpO  I'S 


Brisiiol 


C A IM  D A 


l_  I IVI 


TORONTO»  MONTREAL  «HAMILTON*  CALGARY  «VANCOUVER 
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Steel  is  versatile 

Structural  steel  can  be  used  to  build  complex  desigl 
shapes.  This  steel  frame  is  for  the  Greek  Orthodc 
Holy  Trinity  Cathedral  in  Winnipeg  and  inset 
the  finished  building. 

Architects:  Green,  Blankstein,  Russell  & Associates. 


Additions  are  easy  with  steel 


When  this  building  was  first  constructed  two  extd  ; 
floors  at  a later  date  were  a possibility.  Last  yea 
they  became  a reality.  The  tops  of  the  main  suppoii; 
columns  of  the  original  steel  frame  had  been  lef  i 
exposed  and  the  new  steel  was  added  quicklji 
and  economically.  j 


Architects:  Smith,  Carter,  Searle  & Associates. 


Castellated  steel  beams  reduce 
weight 

S. 

The  use  of  castellated  beams  in  the  C.N.E.  HomM 
Furnishing  Building  in  Toronto  resulted  in  rooj 
purlins  that  were  about  75%  of  the  weight  of  aif-' 
equally  strong  rolled  beam  and  about  G0%  of  thJ  ' 
weight  of  an  equally  rigid  rolled  beam.  Beams  ar(j  - 
castellated  by  cutting  the  web  zigzag  fashion^  t 
offsetting  the  halves  one  notch  and  rewelding  peal:  : 
to  peak.  Castellated  beams  can  free  the  designeiji 
from  the  restrictions  of  excessive  deflections  wherj 
using  the  new  high  strength  steels. 

Architects:  Marani,  Morris  & Allan. 

Consulting  Structural  Engineer:  W.  Sefton  & AssociateSj  | 

Limited.  | 


Steel  gives  design  freedom 

Y-shapcd  with  clear  spans.  This  is  the  Saskatchewan  Power  Corporation’s  head 
office  building  in  Regina.  There  are  no  columns  inside  the  wings  of  the  build- 
ing and  each  floor  is  a wide  open  space  43  ft.  x 270  ft.  You  can  build  this  way 
with  steel— it  simplifies  interior  partitioning  and  makes  future  changes  easy. 

Architects:  Joseph  Pettick,  M.R.A.I.C. 

Consultants:  C.C.  Parker,  Whittaker  & Co.  Ltd. 


>teel  shows  some  of  its  qualities 


Some  of  the  basic  qualities  of  steel  as  a 
lilding  material  are  illustrated  in  this  round- 
) of  recent  projects  from  across  the  country. 
Æel  produces  light,  flexible  structures  and 
3 inherent  qualities  offer  great  scope  to  the 
laginative  architect. 

When  evaluating  structural  framing  ma- 
riais it  is  worth  considering  all  the  advan- 
ges  offered  by  steel.  Steel  goes  up  fast  to 
ve  an  early  return  on  invested  capital  and 
duces  interest  charges  on  construction  loans. 


Lightweight  framing  keeps  foundation  costs 
down  and  the  strength  of  the  material  permits 
large  column  free  areas  for  better  rentable 
floor  space.  Later  alterations  or  additions  are 
also  easily  effected  and  more  economical  to 
undertake  when  steel  is  used. 

Dominion  Bridge  maintain  design,  fabri- 
cation and  erection  facilities  in  most  of  the 
major  cities.  Their  sales  and  engineering  de- 
partments are  always  available  for  discussion 
and  to  assist  in  any  way  they  can. 


Structura!  Steel  Division 
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DOMINION  BRIDGE 


DOMINION  BRIDGE  COMPANY  — SIXTEEN  PLANTS  COAST-TO-COAST 


AMHERST 

G.  C.  L.  McEnery 

On  June  8,  20  members  and  one 
guest.  Ton  Verhaeyen,  a Dutch  student 
employed  by  Robb  Engineering  Works 
for  the  summer,  attended  a meeting  held 
by  the  Branch. 

W.D.  Hagen,  Chairman  of  the  Branch, 
reviewed  the  growth  of  the  Engineering 
Institute  of  Canada  from  its  formation  in 
1887,  to  the  present  day  when  it  com- 
prises about  23,000  members  in  some  70 
Branches  acro,ss  Canada. 

In  connection  with  the  75th  Anniver- 
sary of  the  Institute,  Lew  Burrill  gave  a 
report  of  engineering  developments 
in  the  Cumberland  area  from  the  days 
of  the  Acadians  to  the  present  day.  Mr. 
Burrill’s  address  also  covered  engineering 
developments  in  other  areas.  He  spoke 
about  the  first  electrical  power  trans- 
mission using  a pit-mouth  operation  in 
1889,  the  authorization  of  the  Chignecto 
Canal  Co.  in  1882  by  the  Federal  Gov- 
ernment and  gave  a brief  outline  of  the 
contract  awards  and  construction  pro- 
cedures until  abandonment  of  the  irroject 
in  1891.  A history  of  the  salt  industry  in 
the  Amherst-Pugwash  district,  and  the 
history  of  the  Robb  Engineering  Works 
from  its  beginning  as  a sheet  metal  shop, 
to  its  present  status  as  one  of  the  largest 
erectors  and  steel  fabricators  in  the 
Maritime  area,  were  also  included  in 
.Mr.  Burrill’s  address. 


BROCKVILLE 

A.  N.  Campbell 

D.  S.  Caverly,  Assistant  General 
Manager,  Ontario  Water  Resources  Com- 
mission, Toronto  spoke  to  the  May  30 
meeting  of  the  Branch.  In  his  talk  en- 
titled “Water  Pollution”,  Mr.  Caverly 
dealt  with  water  supply  and  waste  dis- 
posal problems  and  described  the  single 
program  which  the  Commission  has 
found  necessary  in  meeting  these  prob- 
lems. He  discussed  the  creation  of  the 
Commi.ssion  in  1956,  outlined  its  func- 
tions and  responsibilities  and  showed  the 
part  the  Commission  plays  in  Ontario’s 
public  life.  The  Water  Resources  Com- 
mission ensures  the  maintenance  of 
public  water  supplies  in  safe  condition 
for  domestic  consumption.  It  also  assists 
in  enabling  municipalities  to  finance 
improved  water  and  sewage  treatment 
works.  Mr.  Caverly’s  talk  was  illustrated 
with  color  slides,  and  was  followed  by  a 
question  and  answer  period. 

The  members  of  the  Branch  were  told 
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of  the  success  of  the  1962  Leeds  and 
Grenville  Science  Regional  Fair  which 
they  sponsored  with  the  local  branch  of 
the  Chemical  Institute  of  Canada.  The 
Fair  had  been  the  first  such  effort  in 
this  district  and  attracted  30  entries.  The 
top  four  entries  of  this  Fair,  held  Febru- 
ary 24,  were  entered  in  the  Canada-wide 
Science  Fair  in  Ottawa,  where  they 
competed  with  45  other  regional  winners 
from  across  Canada.  Roger  L.  Hudgin, 
Grade  12  student,  and  David  H.  Swerd- 
feger.  Grade  13  student  won  second  and 
third  place  in  the  Biological  Sciences  and 
Physical  Sciences  Divisions  in  Ottawa. 
The  other  two  entries  were  awarded 
honorary  mention  in  the  Physical  Sciences 
Division.  It  is  anticipated  that  the  1963 
Fair  will  be  an  even  greater  success. 

CORNWALL 

Fred  R.  Warner 

John  G.  Powell,  Municipal  engineer 
with  Gore  and  Storrie,  Toronto  engineer- 
ing consultants  planning  the  proposed 
sewage  disposal  plant,  was  the  guest 
speaker  at  the  May  3 meeting  of  the 
Branch.  Mr.  Powell  outlined  the  local 
soil  conditions  and  sewage  reuirements, 
various  stages  of  development  and  total 
installation  plant,  and  the  results  of 
similar  plans  now  in  operation.  The 
disposal  system  will  cost  approximately 
$4,200,000.  Mr.  Powell  pointed  out  that 
it  is  unlawful  to  pollute  natural  waters. 
The  sewage  scheme  consists  of  a huge 
interceptor  sewer  turning  eastward  to  the 
pumping  .station  in  East  Cornwall.  A 
cement  tunnel,  30  feet  below  ground 
will  wend  its  way  to  the  actual  disposal 
plant  where  the  wastes  will  be  processed 
and  released  into  the  river,  500  feet 
from  shore  between  the  north  river  bank 
and  Pilon  Island.  The  sludge  removed 
from  the  waste  will  be  treated  with  a 
bacteria  which  reduces  it  to  the  extent  it 
can  be  sold  as  a soil  conditioner. 

The  plant  will  be  capable  of  handling 
waste  from  a city  of  60,000  people.  The 
plant  will  process  7,500,000  gallons  of 
waste  per  day.  It  is  a primary  treatment 
installation,  considered  quite  adequate 
for  Cornwall.  The  system  is  de.signed  to 
handle  expansion  within  the  city  limits 
for  years  to  come. 

Mr.  Powell  advised  that  it  would  be 
best  if  industry  did  not  use  the  system 
since  this  would  put  too  great  a strain 
on  the  machinery.  A series  of  colored 
slides  concerning  the  local  installation 
and  several  similar  plants  across  the 


I 
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province  were  shown.  The  plant  will  be 
landscaped  in  order  to  keep  it  as  private 
as  possible.  Mr.  Powell  stressed  that 
plants  of  this  type  produce  no  odor. 

Mayor  N.  Kaneb,  Alderman  Rheal  n 
Lemire,  chairman  of  Cornwall’s  Health  tt 
and  Sanitation  Committee,  and  R.C.  * 
Adams,  city  engineer  were  present  at 
the  meeting.  '■ 

ESTEVEN  I 

O.  P.  Lesiuk  | 

On  May  7,  B.  Hewes,  Manager  at  j 

Caproco,  Calgary,  spoke  to  a meeting  of  j. 

the  Branch.  The  topic  of  his  speech  was  y 
Corrision  Causes  and  Prevention.  He  ' i 
outlined  in  detail  the  basic  causes  of  ji 
metallic  corrosion,  and  gave  examples  of  j; 
corrision  progress  in  down-hole  casings,  | 
pipelines,  storage  tanks,  and  general  out- 
field equipment.  Mr.  Hewes  then  dis- 
cussed methods  for  the  prevention  and  t 
reduction  of  corrosion.  A lively  discus- 
sion followed  the  talk. 

W.  Daniels,  representative  for  James 
Richardson  & Sons,  Regina,  Sask.,  was  1 
the  guest  speaker  at  the  Branch’s  June 
4 meeting.  He  discussed  the  procedure 
of  the  stock  market,  the  positon  of  the  j 
stock  broker,  and  reviewed  various  types  i 
of  investments.  j 

A golf  tournament  and  barbeque  were  Ï 
held  June  20,  closing  the  meeting  for  the  ii 
season.  The  next  Branch  meeting  will  be 
September  4.  | 

TORONTO  I 

R.  Paganelli  ■ 

The  Toronto  Branch  has  announced 
ambitious  plans  for  its  1962-63  Prof  es-  jj' 
sional  Development  Program.  This  pro-  * 
gram,  sponsored  by  the  E.I.C.,  consists  lî 


philosophy,  politics,  labor  relations  and  n 
art.  I 

The  program  is  spread  over  a three-  h 
year  period  with  most  members  progress- 
ing  from  Group  I through  Group  III.  ji 
Following  are  the  subjects  which  will  be  » 
covered  in  each  group.  | 

Group  I:  speech  communications,  how  |y 
to  listen,  banking,  personal  investment,  [l 
new  industrial  society,  new  concepts  in  Jii 
education,  health  for  the  executive,  psy-  'v 
cology,  labor  relations,  law,  philosophy,  ji 
physical  fitness.  I 

Group  II:  sales  merchandising;  metro- 
politan  planning  and  traffic,  politics,  !« 
operations  research,  metropolitan  gov-  |v 

(Continued  on  page  69)  j 
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il  eminent,  mental  health  case  studies, 

I computer  applications,  engineering’'  in 
i!  Russia,  labor  relations,  Quebec  separa- 
tist  movement. 

Group  III:  Canadian  foreign  affairs 
case  studies,  eompany  finance  art,  re- 
formatory institutions,  compute  applica- 
tions, Canada  in  world  markets,  adver- 
. tising,  personal  investment,  cause  and 
! treatment  of  mental  illness,  conservation, 

] civil  defence,  marketing,  visit  to  a 
modern  plant. 

WINNIPEG 

P.  A.  Brett 

1 The  final  technieal  meeting  for  the 
1961-62  season  was  held  April  5.  J.  L. 
Olson  of  the  Atomic  Power  Department, 
Canadian  General  Eleetric  Co.  Ltd.,  gave 
a talk  entitled,  “Progress  on  Nuclear 
i Power  in  Canada”.  Mr.  Olson  discussed 
' several  aspects  of  the  Rolphton  and 
!;  CANDU  projects,  and  pointed  out  the 
i;  manufacturing  problems  involved  in  the 
k production  of  components  for  atomic 
. power  projects.  Mr.  Olson’s  comments  on 
; the  organic  tester  for  the  local  White- 
j|  shell  Project  were  of  particular  interest 
i'  to  the  Branch’s  Electrical  Section.  Col- 
ored slides  were  used  to  illustrate  this 
' very  interesting  talk. 

On  April  24,  Dr.  K.  G.  Standing  of 
the  Physics  Department,  University  of 
j Manitoba  gave  a talk  on  cyclotrons  and 
, in  particular,  the  partially  completed 
I cyclotron  at  the  University.  The  members 
! of  the  Branch  visited  the  University, 
where  they  were  able  to  see  the  internal 
operations  of  the  cyclotron. 

The  annual  Smorgasbord  and  Dance 
held  on  May  4 ended  the  season’s 
meetings.  All  the  events  were  well  at- 
tended and  proved  very  enjoyable  to 
all  members  and  guests. 


You  can 
re  I 


UNION 
^QUALITY 
PRODUCTS 
AND  SERVICES 
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INDUSTRIAL  PLATING 


. . . whether  it  is  Chromium,  Nickel,  Copper, 
Cadmium  or  Bright  Plating,  Union  supplies  the 
hest  to  required  specifications.  Special  processes 
and  finishes  are  part  of  Union  service  to  save 
you  money. 


PERFORATED  PLATES 


. . . for  more  efficient  screening.  Union  perforates 
Stainless  Steel,  Inconel,  Monel  and  other  metals 
with  the  hole  pattern  you  require  in  thicker  than 
normal  material.  A patented  deburring  process 
ensures  top  capacity  from  the  start. 


COMING  EVENTS 

The  Institution  of  Electrical  Engineers, 
Nortli  Eastern  Centre.  Symposium  on 
Magnetoplasmadynamic  Electrical 
Power  Generation.  King’s  College, 
University  of  Durham,  Newcastle  upon 
Tyne,  England.  September  6-8. 

The  Institution  of  Electrical  Inspection. 
Annual  National  Inspection  Confer- 
ence. New  College,  Oxford,  England. 
September  25-27. 

The  Interamerican  Federation  of  the 
Construction  Industry.  3rd  Interameri- 
can Congress  of  the  Construction  In- 
dustry. Rio  de  Janeiro,  Brazil.  Sep- 
tember 10-16. 

American  Chemical  Society.  Divi.sion  of 
Rubber  Chemistry.  New  York.  Sep- 
tember 10-13. 

American  Society  of  Mechanical  Engi- 
neers. Petroleum  Mechanical  Engineer- 
ing Conference.  Tulsa,  Okla.  Septem- 
ber 22-25. 

American  Society  of  Mechanical  Engi- 
neers, American  In.stitute  of  Electrical 
Engineers.  National  Power  Conference. 
Cincinnati,  Ohio.  September  23-25. 

Institute  of  Radio  Engineers.  Sixth 
Canadian  Convention.  Toronto,  Octo- 
ber. 


MjpiiiÂDïï^ 


CASTINGS 


. . . from  one  to  3000  lbs.  are  produced  by  Union’s 
non-ferrous  foundry.  Sound  castings  to  govern- 
ment specifications  in  Bronze,  Brass,  Aluminum 
and  Monel.  Impellors  a specialty. 


glINjONtiîiiïïiTŸ? 


BRONZE  BUSHINGS 


. . . centrifugally  cast  and  semi-finished.  Guaran- 
teed to  be  free  from  defects.  Ask  for  Bulletin 
listing  stock  sizes. 


PATTERNS 

. . . designed  and  built  for  hard  service  whether 
made  of  wood  or  metal.  Pressure  cast  aluminum 
match  plates  are  a specialty. 


THE  UNION  SCREEN  PLATE  COMPANY 
OF  CANADA  (LIMITED) 

HEAD  OFFICE:  LENNOXVILLE,  QUE. 

3 PLANTS  TO  SERVE  YOU  - AT  STRATEGIC  LOCATIONS 
PLANT  and  SALES  OFFICES:  LENNOXVILLE,  MONTREAL,  P.Q.  and  BRAMPTON,  ONT. 
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(Confirmed  from  page  48) 

Discussion  by 

N.  D.  Lambert,  m.e.i.c., 

Northern  Construction  Co. 

&:  J.  W.  Stewart  Limited. 

In  the  first  place,  I would  say  that 
I am  in  thorough  accord  with  the  ex- 
position and  explanation  of  the  means 
taken  to  determine  the  nature  and 
location  of  the  principal  obstruction  in 
the  tunnel  which  proved  surprisingly 
accurate  and  was  of  great  value  in 
determining  the  pre-planning  of 
equipment  required.  All  the  pre- 
liminary discussions  were  borne  out 
in  actual  practice  as  to  the  nature  of 
ecjuipment  required,  and  the  only  un- 
foreseen factor  was  an  approximate 
three-fold  increase  in  the  total  amount 
needed,  not  any  material  change  in 
its  nature. 

One  subject  that  I feel  has  been 
inadequately  discussed  in  the  paper 
is  the  matter  of  ventilation  which 
proved,  to  my  mind,  to  be  the  limit- 
ing factor  in  carrying  out  the  neces- 
sary repairs.  This  became  a much 
greater  problem  than  anticipated  due, 
in  the  first  place,  to  the  greatly  in- 
creased utilization  of  internal  com- 
bustion equipment  which  was  either 
gasoline  motor  power  converted  to 
propane  burning  or  diesel  units  fur- 
nished with  scrubbers.  The  ventila- 
tion problem  was  also  intensified  due 
to  the  length  of  the  tunnel,  which 
had  only  three  sources  of  air  circu- 
lation; the  discharge  at  the  2600-ft. 
level  which  was  in  the  relatively 
moist  humid  climate — the  Coast;  the 
Horetzky  adit — which  drew  its  fresh 
air  supply  from  the  relatively  chilly 
mid-Coast  Range  area;  and  the  in- 
take, which  was  to  the  east  of  the 
Coast  Range  in  a much  drier  climate. 
These  conditions  caused  a variable 
circulation  of  air  in  the  tunnel  which, 
at  times,  entirely  reversed  its  flow. 
The  ventilation  problem  was  com- 
plicated by  the  necessity  to  install 
scrubbers  on  the  diesel  powered 
equipment,  which  tended  to  create  a 
dense  smog,  and  the  fact  that  all 
equipment  had  to  be  operated  by  in- 
ternal combustion  éngines.  Even  if 
electric  motors  were  used,  electricity 
had  to  be  generated  by  motor  gener- 
ator sets.  Furthermore,  the  source  of 
fresh  air  for  both  upstream  and  down- 
stream operations  had  to  be  the 
Horetzky  adit. 

As  the  ground  dried  out  after  the 
tunnel  was  unwatered,  the  hazard 
from  falling  rock  became  more  and 
more  acute  until  the  method  had  to  be 
devised,  which  is  described  in  the 
paper,  to  carry  out  the  installation  of 
steel  sets  and  forms  throughout  the 
main  cavity  without  exposure  of  per- 
sonnel and  the  installation  of  a 
through  conduit  for  ventilation  was 


an  essential  part  of  this  operation. 

I would  also  like  to  point  out  that 
my  personal  feeling  is  that  undue 
emphasis  has  been  placed  on  the 
value  of  unlined  tunnel.  It  is  not  ap- 
parent from  the  paper  whether  the 
$12,000,000  mentioned  is  the  present 
value  of  the  advantage  of  the  unlined 
tunnel  over  the  lined,  or  whether 
that  refers  to  costs  at  the  time  of  con- 
struction. I think  the  statement  made 
would  have  more  validity  if  it  were 
broken  down  to  provide  a more  de- 
tailed study  of  the  comparative  costs. 
Of  course,  it  must  be  borne  in  mind 
that  a lined  conduit  has  a much  less 
cross  sectional  requirement  than  an 
unlined.  Furthermore,  it  should  be 
pointed  out  that  this  repair  could  not 
possibly  have  been  carried  out  in  less 
than  double  the  time  actually  con- 
sumed if  it  had  not  been  for  the 
paved  invert,  which  was  practically 
undamaged. 

Discussion  by 
M.  Murchison,  m.e.i.c., 

Supervising  Engineer, 

Montreal  Engineering  Company  Ltd. 

1.  During  the  planning  of  the  re- 
pair operation  and  when  it  was  known 
that  there  was  a major  blockage  over 
a limited  length  of  tunnel,  was  the 
alternative  of  a new  tunnel  round 
the  cavern  area  considered?  If  con- 
crete plugs  were  set  in  the  original 
tunnel,  say  300  feet  part,  a lot  of  the 
muck  could  have  been  left  between 
the  plugs  and  not  hauled  out.  This 
solution  would  appear  to  be  faster, 
more  straightforward  and,  at  first 
glance,  cheaper.  Could  the  authors 
enlarge  on  the  arguments  for  or 
against  such  a scheme. 

2.  From  the  third  last  paragraph 
under  the  heading,  “Inspection”,  it 
is  understood  that  none  of  the  areas 
in  which  rock  falls  occurred  were 
originally  gunited.  Would  the  authors 
please  confirm  if  this  was  the  case 
and,  if  so,  what  was  the  reasoning 
behind  the  original  guniting  program? 
What  sort  of  areas  were  covered  with 
the  % in.  gunite?  Presumably  all  the 
seams  and  faults  in  the  tunnel  had 
been  mapped  at  the  time  of  the  origi- 
nal excavation.  Why  was  the  decision 
taken  not  to  cover  these  seams  with 
gunite?  Were  any  erosion  estimates 
made? 

The  decision  to  line  a tunnel  or 
not  in  such  circumstances  is  a diffi- 
cult one  and  the  authors  are  to  be 
commended  on  their  excellent  presen- 
tation of  the  Kemano  tunnel  prob- 
lems. The  paper  contributes  greatly 
to  the  knowledge  of  how  to  protect 
erodable  seams  encountered  in  other- 
wise sound  rock,  and  will  greatly  in- 
crease the  confidence  of  engineers  in 
their  ability  to  deal  with  them  safely 
without  lining  the  tunnel. 


Discussion  by 
W.  Harland, 

Caseco  Consultants  Ltd. 

In  this  paper  the  authors  have  pro- 
vided a careful  description  of  an 
operation  which  was  followed  with 
great  interest  and  curiosity  by  the 
engineering  profession  in  Canada. 
Interest  was  heightened  by  the  dan- 
gers involved  and  by  the  significance 
of  the  outcome.  Seldom  do  we  see  an 
instance  when  the  operation  of  an 
important  industry  and  the  existence 
of  a large  community  are  so  singularly 
affected  by  an  engineering  problem. 
The  authors  have  concentrated  on  the 
engineering  aspects  of  the  operation 
but  the  statistics  quoted  give  a hint 
of  the  logistic  problems.  No  doubt 
the  problems  of  moving  men  and 
materials  in  and  out  of  the  tunnel 
could  properly  be  the  subject  of  an- 
other paper. 

Perhaps  the  most  interesting  point 
brought  to  our  attention  by  the 
authors  is  the  fact  that  even  in  view 
of  the  extensive  repairs  required  in 
1961,  the  original  decision  to  use  an 
unlined  tunnel  appears  to  have  been 
justified.  This  was  a bold  decision  in 
view  of  the  trend  to  extra-conserva- 
tive design.  While  one  can  find  no 
fault  with  the  principle  of  conserva- 
tive design  in  general  there  are  times 
when  the  construction  cost  of  certain 
features  of  design  could  be  carefully 
weighed  against  the  capitalized  cost 
of  a planned  maintenance  and  repair 
program.  The  economic  comparison 
which  the  authors  make  between  the 
cost  of  lining  in  1954  and  the  cost 
of  the  repairs  in  1961  is  particularly 
noteworthy. 

Planned  and  scheduled  repair  pro- 
grams are  often  not  envisaged  for 
large  civil  engineering  structures.  In 
some  cases  this  requires  a new  outlook 
involving  the  acceptance  of  the  prin- 
ciple of  future  repair.  Sometimes,  as 
in  the  case  dealt  with  by  the  authors, 
this  requires  one  single  repair  opera- 
tion and  at  other  times  it  requires  re- 
pairs on  a scheduled  basis. 

Maintenance  is,  after  all,  a product 
of  our  recently  technological  advance 
— - quite  unknown  for  example  to  the 
pharoahs  of  Egypt.  The  authors  have  ) 
proven  that  we  have  indeed  ad-  I 
vanced.  * 

Ir 

I 

il 

Vice-President  and  Chief  Engineer, 
Power  Department  h 

Aluminium  Laboratories  Limited 
and  i|'’ 

M.  D.  Lester,  m.e.i.c.,  : 

Senior  Engineer,  Power  Department,  ! 
Aluminium  Laboratories  Limited  i 

( Continued  on  page  72) 
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(Continued  from  page  70) 

Too  infrequently  does  the  engineer-  j i 
ing  profession  get  the  opportunity  to  j 
have  a close  look  at  an  undesirable  | > 
and  unanticipated  mishap  in  the  life  j 
of  an  important  structure.  While 
modern  methods  and  practice  have  j 
made  such  occurrences  increasingly  i 
rare,  reports  of  those  that  do  occur  L 
are  rarer  still. 

When  the  structure  in  question  is  j- 
as  notable  a project  as  the  Kemano  i 
tunnel,  a description  such  as  the 
authors  have  presented  takes  on 
added  significance.  As  one  of  the  i) 
world’s  major  power  tunnels,  with  i| 
both  lined  and  unlined  sections,  its  jij 
behaviour  and  performance  are  of  j| 
great  interest  to  all  those  concerned  k 
with  conveying  large  volumes  of 
water  over  an  appreciable  distance.  r 

Perhaps  the  first  questions  to  1} 
logically  spring  from  the  paper  are 
these:  — . 

1.  Under  what  conditions  will  the  jd 

amount  of  material  falling  from  a [ > 
tunnel  periphery  be  excessive,  i.e.,  i*. 
greater  than  an  acceptable  amount  of  |i 
minor  spalling  and  ravelling?  [ 

2.  What  measures  can  reasonably  d 

be  taken  to  recognize  and  control  :| 
these  conditions?  | 

The  paper  describes  some  particu-  3 
lar  geological  circumstances  which,  h 
over  the  years  of  operation,  resulted  )! 
in  numerous  small  rockfalls  and  one  ^ 
surprisingly  large  one.  The  source  of  3 
these  failures  has  been  shown  to  be  i>t 
in  the  nature  of  the  material  com-  è 
prising  the  fault  zones.  When  these  « 
zones  were  filled  solely  with  the  soft,  : li. 
clayey  substance  known  as  gouge  or  j 
selvage,  no  deterioration  occurred.  J 
Where  the  gouge  was  in  contact  with  'jl^ 
calcite,  however,  gradual  dissolution 
of  the  latter  permitted  increased  cir-  U 
dilation  of  water  in  the  fault  zone  M 
and  led  to  a continuing  erosion  pro-  |i 
cess.  Similarly,  some  of  the  fault  zones  H 
included  mylonite,  which  is  a slate-  St 
like,  cleavable  substance  produced  by 
thrust  faulting.  Here,  even  in  the  ab-  ll 
sence  of  calcite,  differential  erosion 
between  the  mylonite  and  gouge  Jij 
tended  to  make  each  material  un-  U 
stable  and  more  vulnerable  to  con-  ij 
tinuous  erosion.  The  larger  rockfalls 
were  initiated  when  the  above  pro-  j! 
cesses,  occurring  in  contiguous  zones,  t 
resulted  in  the  loosening  and  releasing  ? 
of  substantial  blocks  of  sound  rock,  j 
This,  of  course,  created  turbulent  hy- 
draulic  conditions  at  the  site  and  pre-  jî 
sumably  hastened  the  removal  of  ad-  ij 
ditional  vulnerable  material.  j| 

Those  sections  of  the  tunnel  which  jfl 
were  concrete  lined  suffered  no  dam-  !3 
age.  There  was  no  evidence  whatever  ij 
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of  the  deterioration  sometimes  noted 
when  the  alkalis  in  cement  react  with 
silicas  or  carbonates  in  the  aggregate. 

While  most  of  the  imreinforced 
gunite  sections  remained  intact,  the 
fact  that  numerous  rockfalls  did  occur 
in  this  type  of  section  suggests  that 
unreinforced  gunite  cannot  always  be 
depended  upon  to  permanently  shield 
erodible  seams  from  water  action.  In 
this  connection  it  is  interesting  to 
note  that  the  evidence  suggests  that, 
at  all  damaged  sites,  the  failures  were 
apparently  initiated  early  in  the  his- 
tory of  the  tunnel.  The  authors’ 
proposition  that  all  the  significant 
weaknesses  have  already  been  “found” 
has  an  analogy  in  the  proverbial 
“bugs”  which  turn  up  during  the 
breaking-in  period  of  new  machinery 
or  equipment. 

As  to  what  lessons  are  to  be  learned 
from  the  Kemano  tunnel  experience, 
one  must  avoid  drawing  conclusions 
based  on  hindsight  alone.  Certainly, 
any  tunnel  should  be  subjected  to 
continuous  and  close  geological  ap- 
praisal by  qualified  specialists  during 
the  course  of  construction,  especially 
when  all  or  part  of  the  tunnel  is  in- 
tended to  remain  unlined.  Where 
lining  or  gunite  is  deemed  necessary, 
careful  preparation,  placing  and  re- 
inforcing are  obviously  important. 
Where  preliminary  geological  investi- 
gation and  economic  analysis  lead  to 
an  unlined  tunnel  design  and  con- 
struction is  accompanied  by  the  afore- 
mentioned measures,  a subsequent 
mishap  does  not  invalidate  the  origi- 
nal engineering  decision.  Indeed,  even 
as  severe  a repair  operation  as  des- 
cribed by  the  authors  is  shown  to  be 
less  expensive  than  the  incremental 
cost  of  the  concrete  lining  that  would 
have  had  to  be  placed  originally  to 
guarantee  that  a rockfall  would  not 
occur. 

One  of  the  most  interesting  aspects 
of  the  Kemano  story  has  been  the 
variety  of  hydraulics  problems  which 
were  involved  in  both  the  operational 
and  repair  phases  of  the  tunnel.  A 
brief  note  on  some  of  these  may  serve 
to  supplement  the  authors’  remarks. 

Soon  after  the  completion  of  the 
development,  when  it  appeared  that 
head  losses  were  in  excess  of  the  de- 
sign values,  it  was  felt  necessary  to 
confirm  the  latter  by  methods  based 
on  the  actual  fini.shed  sections.  One 
such  calculation  was  carried  out  on 
the  basis  of  Manning’s  n = 0.014  for 
the  lined  sections  and  n = 0.038 
for  the  unlined  or  gunited  sections. 
Another  approach  was  to  compute  the 
losses  in  the  unlined  .section  by  the 
method  developed  by  Rahm  in  Swe- 
den, whereby  the  variation  in  cross- 

(Continued  on  page  74) 
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sectional  area  along  the  tunnel  axis  is 
held  to  govern  the  effective  relative 
roughness.  In  all  cases,  the  estimated 
head  losses  for  the  tunnel  were  found 
to  agree  within  10%  of  the  original 
design  value. 

During  the  long  period  when  the 
so-called  flushing  runs  were  reducing 
excess  head  losses  to  an  acceptable 
level,  it  was  difficult  to  ascertain  the 
exact  nature  of  the  mechanism  caus- 
ing the  difficulty.  While  it  was  known 
that  most  of  the  excess  was  occurring 
in  tire  five  mile  long  downstream  half 
of  the  tunnel,  the  absence  of  inter- 
mediate piezometer  stations  precluded 
the  possibility  of  localizing  the 
trouble,  if  indeed  it  was  a local  prob- 
lem. This,  incidentally,  argues  posi- 
tively for  the  inclusion,  in  tunnel  or 
conduit  design,  of  a greater  number 
of  points  at  which  pressure  can  be 
measured.  By  mere  closely  pinpoint- 
ing the  location  of  any  trouble,  evalu- 
ation and  planning  of  repairs  are  ob- 
viously facilitated. 

The  rather  sudden  increase  in  head 
loss  in  1959  and  the  erratic  pattern 
of  the  surge  chamber  water  level  fol- 


lowing an  accidental  load  rejection  in 
1960  were  the  first  tangible  clues  to 
the  nature  of  the  condition  causing 
the  excess  head  losses.  The  character 
and  location  of  the  rockfall  were  then 
successfully  estimated  by  means  of 
the  salt-velocity  and  water-hammer 
tests  described  in  the  paper. 

To  control  the  drainage  of  the  25 
million  cu.  ft.  of  water  in  the  tunnel 
with  the  power  station  continuing  to 
generate  until  near  the  end  of  the 
operation  was  another  phase  which 
recpiired  careful  co-ordination  of  in- 
take gate  closure  and  of  load-shed- 
ding increments.  Similarly,  the  refill- 
ing operation,  after  repair’s  had  been 
completed,  was  carefully  programmed 
to  avoid  undue  pressure  changes  in 
the  supply  system. 

With  regard  to  the  rockfalls  ex- 
perienced over  the  years  in  the 
Kemano  tunnel,  the  role  played  by 
the  inevitable  transient  pressure 
waves  which  accompany  sudden  load 
changes  is  difficult  to  evaluate.  Cer- 
tainly, the  unlined  sections  have  been 
subjected  to  rather  steep  wave  fronts 
from  time  to  time,  due  to  accidental 
rejections.  Common  prudence  would 
dictate  that  scheduled  load  changes 
be  as  gradual  as  possible,  a policy 
rigorously  enforced  at  Kemano. 


Discussion  by 

D.  H.  MacDonald,  m.e.i.c., 

Director, 

H.  G.  Acres  & Company  Limited, 
Niagara  Falls,  Ont. 

and  } 

P.  G.  Morris,  ! 

Head,  Geology  Department,  ( 

H.  G.  Acres  & Company,  Limited,  I 
Niagara  Falls,  Ont.  ' 

In  the  broad  field  of  civil  engineer-  | 
ing  there  are  few,  if  any,  branches  \ 
which  contain  as  much  art  and  as  j 
little  science  as  does  tunnelling.  This  ii 
does  not  for  a minute  imply  that  a ! 
scientific  approach  to  tunnelling  is  ; j 
not  possible  or  justified;  on  the  con-  ii 
trary  it  only  emphasizes  the  impor-  | 
tance  of  experience  and  judgment  in  l| 
such  matters.  The  progress  of  tunnel  14  ■ 
engineering  is  certainly  measured  in  Ii; 
terms  of  experience,  and  adequately-  ■ 
documented  case  histories  of  tunnels  i| 
are  invaluable  to  continued  progress  | : 
by  all  engineers  in  this  field.  For  ( 
making  available  this  most  interesting  it! 
performance  record  of  the  Kemano  f 
Tunnel  the  authors  are  due  the  thanks  1 
of  the  profession. 

To  use  the  words  of  the  authors,  ■' 
“The  cost  of  the  1961  repair  and  1 . 
maintenance  work  was  unexpected  * > 
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and  disappointing.  ’ In  any  iinlined  or 
piu-tially-lined  tunnel  such  as  Kemano 
J some  minor  rock  falls  are  to  be  ex- 
P pected,  but  these  are  usually  of  no 
( 1 serious  consequence  and  are  accept- 
able. Large  rock  falls,  such  as  the  one 
|j  at  Kemano,  if  anticipated,  are  guarded 
against  in  the  initial  construction.  The 
, fact  that  such  a large  and  unexpected 
rock  fall  did  occur  at  Kemano  can  not 
ij  and  should  not  be  interpreted  as  a 
■I  failure  of  the  tunnel,  as  the  authors 
I rightly  point  out  that  the  choice  of 
I the  unlined  tunnel  is  still  economically 
justified  even  when  including  the  cost 
of  the  recent  repairs.  Moreover,  the 
Kemano  experience  should  not  be 
used  as  a general  condemnation  of 
unlined  tunnels. 

The  ultimate  choice  between  a 
lined  and  an  unlined  tunnel  is  largely 
i one  of  economics,  based  upon  a 
' thorough  consideration  of  all  the 
physical,  financial,  and  operational 
factors.  Where  rock  conditions  permit 
i the  lining  to  be  eliminated  and  eco- 
' nomic  factors  do  not  recommend  one, 

I there  is  little  doubt  as  to  the  advis- 
ability of  an  unlined  tunnel.  Implied 
in  the  choice  of  an  unlined  tunnel, 
however,  is  the  need  to  take  precau- 
tions in  the  form  of  surface  treatment 
of  the  rock  in  selected  areas  of  doubt- 
i ful  stability,  and  the  possibility  that 
some  minor  remedial  work  may  be 
required  as  a future  maintenance 
operation. 

This  approach  was  adopted  in  the 
design  of  the  low-pressure,  tailrace 
discharge  tunnel  of  the  Chute- 
des-Passes  Power  Development  ^ in 
Northern  Quebec,  which  was  com- 
pleted in  1959.  This  unlined  tunnel  is 
48  ft.  in  diameter  and  nearly  two 
miles  long.  It  passes  through  rocks  of 
the  Canadian  Shield  which  are  pre- 
dominantly of  gneissic  and  granitic 
types;  the  quality  of  rock  is  generally 
very  good  but  the  tunnel  was  inter- 
sected by  several  minor  faults  and 
shear  zones  and  numerous  joints.  For 
economic  reasons,  principally  asso- 
ciated with  surge  problems,  the  tun- 
nel was  left  unlined.  Complete  geo- 
logical mapping  was  done  during  ex- 
cavation, and  on  the  basis  of  this  a 
small  number  of  locations  were 
selected  for  treatment  during  con- 
struction. The  treatment  was  some- 
what varied,  but  usually  consisted  of 
either  pattern  rock  bolting  or  of  rein- 
forced gunite,  similar  to  that  described 
in  this  paper,  or  of  a combination  of 
rock  bolts  and  gunite. 

Recently,  the  senior  writer  had  the 
interesting  experience  of  visiting  this 
tunnel  during  its  first  unwatering,  in 
company  with  two  of  the  authors. 
The  tunnel  had  been  in  operation 

(Continued  on  pai’e  80) 


For  today’s  large  scale 
pumping  needs  • • • 


Specify  a modern 

SUMO  SUBMERSIBLE  PUMP 

Here  is  the  latest  thing  in  large  scale  pumping  from  deep  wells  — 
the  Sumo  Submersible.  The  entire  unit,  motor  and  pump,  operates 
inside  the  well  where  it  is  protected  against  damage  from  floods, 
freezing  or  tampering.  No  pump  house  is  needed. 

Proved  and  tested  by  almost  half  a century  of  service  in  installa* 
tions  all  over  the  world.  Sumo  Submersibles  will  give  years  of 
troublefree,  maintenance-free  service.  Capacities  range  up  to  2000 
gpm.  Power  ratings  range  from  1/3  hp  to  120  hp. 

What's  more,  installation  is  exceedingly  simple.  The  unit  is  simply 
attached  to  the  end  of  the  discharge  pipe  and  lowered  into  the 
well  casing.  There  are  no  drive  shafts  or  bearings  or  alignment 
problems  to  give  trouble.  And,  because  the  pump  is  coupled  di- 
rectly to  the  motor,  more  efficient  use  of  power  is  obtained. 

Sumo  offers  technical  advice  and  assistance  in  selecting  and  apply- 
ing submersible  pumps  to  your  needs.  There's  no  obligation. 


BULLETIN  B-IOOO 

has  full  information  on  Sumo  high-capacity 
pumps.  Call  or  write  for  your  copy.  Also  re- 
quest data  on  Sumo  extra  high  capacity 
120  hp  units. 


SUMO  SUBMERSIBLE  DRAINER  PUMPS 

for  pumping  water  containing  high  percentages  of  solids.  Write 
BULLETIN  B-llOO  for  details  on  these  rugged,  heavy  duty  pumps 
designed  for  drainage,  flooding  or  general  service  pumping. 


OT(E)iJI2  IMBMÎISIÏiIÎSr 

7035  GRAND  AVE.,  MONTREAL  10,  P.Q.  CR.  1-2397 


SUMO  PUMP  DISTRIBUTORSHIPS  OPEN  — INQUIRIES  SOLICITED 
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Sixteenth 

Soil  Mechanics  Conference 

and 

Zone  “A”  Technical  Meeting 


September  12  - 14, 


1962. 


Edmonton,  Alta. 


Wednesday,  September  12 

REGISTRATION  : 

OPENING  REMARKS;  Dr.  R.  M.  Hardy,  Conference  Cliainnan 
and  C.  B.  Crawford,  National  Research 
Council 

TECHNICAL  SESSION  I:  Volume  Change  Characteristics  of 
(morning)  Higlily  Plastic  Soils  — C.  B.  Crawford,  Chair- 
man 

1.  On  the  Swelling  and  Shrinkage  of  Several  Highly  Plastic 
Clays 

J.  Hamilton,  N.R.C. 

2.  Heave  of  Spillways  on  Clay  Shales 
R.  Peterson  & N.  Peters,  P.F.R.A. 

3.  Practical  Experience  with  Highly  Swelling  Soil  Types 
R.  M.  Hardy,  (R.  M.  Hardy  & Assoc.)  and  A.  O. 
Dyregrov,  (Underwood,  McLellan  & Assoc.) 

TECHNICAL  SESSION  II:  Physico-Chemical  Aspects  of  Soils 
(afternoon)  G.  B.  McRostie,  Chainnan 

4.  Physico-Chemical  Phenomena  in  Soil  Materials 
Dr.  S.  Pawluk,  Univer.sity  of  Alberta 

5.  Measurements  of  Shear  Strength,  Plasticity  and  Water 
Retention  of  Clays  Related  to  Interparticle  Forces 

Dr.  B.  P.  Warkentin,  MacDonald  College,  Montreal 

6.  Shear  Strength  of  Remoulded,  Nonnally  Consolidated 
Homionic  Clay 

Professor  S.  Thomson,  University  of  Alberta 

7.  Engineering  Properties  of  Illitic  Clays  Related  to  Fabric 
and  Pore  Water  Composition 

Dr.  R.  M.  Quigley,  Geoeon  Co.  Ltd. 

BUSINESS  SESSION:  Soü  Mechanics  Subcommittee  of  Asso- 
ciate Committees  of  Soil  and  Snow  Mech-anics, 
N.R.C. 

Geotechnical  Division  of  the  Committee  on 
Technical  Operations,  E.I.C. 

EVENING:  Research  Seminar  — Research  on  the  Physico- 
Chemical  Aspects  of  Soils  as  Related  to  their 
Engineering  Properties 
Professor  David  Townsend,  Chairman 


Thursday,  September  13 

( Combined  Soil  Mechanics  Conference 
and  Zone  “A”,  E.I.C.) 

REGISTRATION: 

OPENING  REMARKS;  Dr.  R.  M.  Hardy,  Conference  Chair- 
man; F.  M.  Cazalet,  Vice-President,  E.I.C.; 
Professor  J.  B.  Mantle,  Vice-President,  E.I.C.; 
Dean  G.  W.  Govier,  University  of  Alberta 


TECHNICAL  SESSION  III;  Profcssor  J.  Longwoith,  University 
( MORNING  ) of  Alberta,  Chairman 

8.  Surficial  Deposits  in  Alberta 

Dr.  C.  P.  Gravenor  and  Dr.  L.  A.  Bayrock,  Research 
Council  of  Alberta 

9.  A paper  on  the  Pine  Point  Railway  with  emphasis  on 
the  Soil  Conditions  and  Problems 

F.  L.  Peckover,  C.N.R. 

10.  Preliminary  Soil  Mechanics  Aspects  of  the  Red  River 
Floodways 

J.  Mishtak,  Soil  Meohs.  Eng.,  Water  Control  & Con- 
servation Branch,  Manitoba  Dept,  of  Agriculture 


s 


I 


INFORMAL  LUNCHEON:  Northern  Alberta  Jubilee  Auditorium  ji 


TECHNICAL  SESSION  IV:  C.  F.  Ripley,  Chairman 

11.  Foundation  Treatment  and  Construction  of  16  Miles 
of  Dyke  at  Manitoba  Hydro’s  Grand  Rapids  Project 
A.  Koropatnick,  W.  S.  Isom  & J.  R.  Rettie,  Manitoba 
Hydro 

DINNER:  Arranged  by  the  Edmonton  Branch,  E.I.C.,  Mac- 
Donald Hotel 


Friday,  September  14 


(Engineering  Institute  of  Canada  Zone  “A” 

Technical  Meeting) 

TECHNICAL  SESSION  V:  J.  C.  Dale,  Chairman  ! j 

( MORNING  ) I I 

Design  of  Pipe  Lines  to  Minimize  Brittle  Failure  1 1 

V.  P.  Mho,  Shell  Oil  Co.  f 

The  Alberta  to  California  Pipeline  System 

D.  P.  Smith  and/or  W.  L.  Kennedy,  Canadian  Bechtel  Ltd. 

Energy  Interchange  and  a National  Grid  | 

D.  Cass-Beggs,  Sask.  Power  Corp. 

The  Alberta  Electric  Power  Situation 

G.  A.  Gaherty,  Montreal  Engineering  Co.  Ltd. 

INFORMAL  LUNCHEON:  Northern  Alberta  Jubilee  Auditorium 

Official  Opening  of  the  New  Wing,  Engineering  Budding, 
University  of  Alberta  j 

TECHNICAL  SESSION  VI:  Dr.  R.  W.  McManus,  Chairman 
( AFTERNOON  ) ! 

Oil  and  Gas  Reserves  in  Western  Canada 
J.  G.  Stabback  & R.  D.  Craig,  Alta.  Oil  & Gas  Conserva- 
tion Board  » 

The  Remote  Control  of  a Gas  Field  ! 

J.  H.  Schwartz,  Timewell  Controls  Ltd.  i 

Tours  of  Engineering  Laboratories,  Univer.sity  Campus  | 
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CANADA 

As  a result  of  expanding 

activities,  we  have  immediate 

openings  for  Engineers 

of  the  following  disciplines  at  the  locations  shown: 

POSITIONS 

DISCIPLINES 

LOCATION 

Development  Engineers 

Chemical  & Mechanical 
Engineering 

Research  Centre, 
Kingston,  Ont. 

Sarnia,  Ont. 

Industrial  Engineers 

Industrial  Engineering, 
Engineering  and  Business 
or  equivalent  experience 

Montreal,  P.Q. 

Kingston,  Ont. 

Design  Engineers 

Chemical,  Mechanical  or 

Civil  Engineering, 

Engineering  Physics 

Maitland,  Ont. 

Kingston,  Ont. 

Montreal,  P.Q. 

Process  Engineers 

Chemical  Engineering 

Ajax,  Ont. 

Kingston  and 

Maitland,  Ont. 

Research  Engineers 

Chemical  Engineering 
at  Ph.D,  level 

Research  Centre, 

Kingston.  Ont. 

Candidates  should  be  graduates  of  recognized  universities  with  up  to  five 
years  industrial  experience. 

Please  reply,  briefly  slating  education,  experience,  age,  and  position  and 
location  preferences  if  any,  to: 

Personnel  Division 

DU  PONT  OF  CANADA  LIMITED 

P.O.  Box  660  Montreal,  Quebec 


SITUATIONS  VACANT 
CHEMICAL 


CHEMIST  — At  least  5 years’  experience 
with  vinyl  resins  and  plastisol  formula- 
tions. 

CHEMICAL  ENGINEER  — Preferably  one 
who  has  had  experience  in  operating  high 
temperature  vinyl  coating  ovens.  Top 
salaries  for  the  above  positions.  Excellent 
opportunity  for  advancement.  Fringe 
benefits.  Apply,  with  full  references,  to 
File  No.  240-V. 

CHEMICAL  ENGINEER.  A well  known 
industrial  firm  with  plants  throughout  the 
world  requires  the  services  of  a Chemical 
Engineer  at  its  factory  in  Drummondville, 
Que.  This  position  involves  the  develop- 
ment of  new  process  and  products  in 
order  to  maintain  an  improved  company 
leadership  in  its  field;  the  establishment 
and  operation  of  a comprehensive  Quality 
Control  System  applicable  to  raw  mater- 
ial and  goods  produced.  Applicant  must 
be  bilingual  and  have  preferably  two  to 
four  years’  experience  in  pigments,  plas- 
tics, or  inks.  Salary  will  be  commensurate 


MECHANICAL  ENGINEER 
BUILDING 
MAINTENANCE 

$9,120  — $10,300 


The  Airport  and  Property  Manage- 
ment Division  of  the  Department 
of  Transport  at  Ottawa  requires 
the  services  of  a professionally 
qualified  Engineer  with  preventive 
maintenance  experience  to  develop 
standards  for  the  operation  and 
maintenance  of  heating,  ventilat- 
ing, air  conditioning  and  refrigera- 
tion systems  and  elevators,  escala- 
tors and  baggage  handling  equip- 
ment. 

For  further  details  and  application 
forms  write  to  the  CIVIL  SERVICE 
COMMISSION  OF  CANADA,  OT- 
TAWA, requesting  Information 
Circular  62-1207. 


with  experience  and  employee  will  profit 
from  attractive  Company  benefits  and 
personnel  program.  All  replies  will  be 
held  in  strictest  confidence.  Send  complete 
resume  of  personal  history  and  qualifica- 
tions to:  Eagle  Pencil  Company,  Drum- 
mondville, Que.  Attention:  Mr.  J.  Moreau, 
P.Eng. 


CIVIL 

GRADUATE  CIVIL  ENGINEER  — age  30 

to  35,  with  estimating  and  field  experience 
with  heavy  engineering  construction  con- 
tractor. Applicants  who  are  interested  in 
working  with  expanding,  well  established 
Contractor  are  asked  to  send  their  ap- 
plications, stating  qualifications,  full  par- 
ticulars and  languages,  to  P.O.  Box  23, 
Postal  Station  “R”,^  Toronto  17,  Ontario. 

CIVIL  ENGINEER  — A national  associa- 
tion with  headquarters  in  Ottawa  requires 
an  engineer  interested  in  all  aspects  of 
highway  research  and  development.  Can- 
didates should  have  a special  aptitude  for 
the  writing  of  reports  and  technical  cor- 
respondence. Salary  — $5,000  to  $6,000. 
Applications  or  enquiries  for  further  in- 
formation. File  No.  234-V. 

CIVIL  ENGINEER  — Challenging  oppor- 
tunity for  young  civil  engineer  with  grow- 
ing company  in  the  field  of  municipal 
construction.  Location  Western  Ontario. 
Reply  giving  complete  references,  experi- 
ence, age,  and  salary  expected,  to  File  No. 
233-V.. 

CITY  OF  MOOSE  JAW  requires  CITY 
ENGINEER.  Duties;  To  supervise  all 
phases  of  Municipal  Engineering,  includ- 
ing the  overall  planning,  design,  con- 
struction and  maintenance  of  engineering 
works  for  the  City  of  Moose  Jaw.  Quali- 
fications: Applicants  must  be  registered  or 
eligible  for  registration  with  the  Associa- 
tion of  Professional  Engineers  of  Saskat- 
chewan. Should  have  a minimum  of  three 
to  five  years  experience  related  to  the 
field  of  municipal  engineering  or,  alter- 
natively, post-graduate  training  in  Engi- 
neering. Applicants  should  give  full  in- 
formation as  to  age,  marital  status,  train- 
ing, experience,  references  and  date  ser- 
vices will  be  available.  Salary  will  be 
commensurate  with  qualifications  and  ex- 
perience. Applications  should  be  sub- 
mitted to:  The  Personnel  Director,  City 
Hall,  Moose  Jaw,  Saskatchewan. 


MECHANICAL 

MAINTENANCE  ENGINEER  — Graduate 
Mechanical  Engineer  or  equivalent  with  a 
minimum  of  five  years  experience  in  the 
maintenance  of  heavy  equipment  in  a 
mine,  mill  and/or  smelter.  Location  : 
Falconbridge,  Ontario.  Excellent  employee 
benefits.  Apply  in  writing,  giving  full 
particulars  of  qualifications,  experience 
and  age  to  File  No.  236-V. 


IRON  ORE  COMPANY 
OF  CANADA 

QUEBEC  NORTH  SHORE  & 
LABRADOR  RAILWAY 
COMPANY 

offer  jobs  for 
qualified  and  experienced 
ENGINEERS  AND  FOREMEN 

In  Research  — for  laboratory  and 
pilot  plant:  to  conduct  research  in  the 
fields  of  iron  ore  beneficiation  and 
agglomeration. 


In  Planning  — for  design  of  open  pit 
mines,  roads  and  mine  railroads;  for 
ore  calculations,  stripping  estimates, 
and  geological  interpretation. 


In  Production  — to  supervise  open  pit 
mining  operations. 


In  Maintenance  and  Construction  — 

for  our  repair  and  service  shops  and 
our  heavy  schedule  of  construction,  or, 
for  special  projects  in  both  the  elec- 
trical and  mechanical  fields. 


In  Railroading  — for  railway  construc- 
tion and  maintenance;  Engineers  be- 
ing familiar  with  all  phases  of  line 
survey,  grade  construction  and  struc- 
tures, and  Foremen  with  railway  main- 
tenance and  extra  gang  supervision. 


In  Communications  — for  engineering 
in  microwave  and  carrier  systems  as 
applied  to  multi  telephone  and  teletype 
circuits;  VHF  radio,  telephone  links, 
mobile  radio  and  advanced  industrial 
electronics. 


SALARY  AND  OTHER  BENEFITS  — 

Depending  on  experience.  Group  In- 
surance Hospitalization;  Pension  Plan. 
Vacotion  — from  2 weeks  after  1 year 
to  4 weeks  after  3 years.  Housing  con- 
ditions vary  from  staffhouses  to  in- 
dividual homes  depending  on  location 
of  work. 

FURTHER  INFORMATION  MAY  BE 
OBTAINED  FROM: 

Personnel  Department 
Iron  Ore  Company  of  Canada 
Office  306 

810  Cote  de  Liesse  Road 
Montreal,  P.Q. 


DESIGN  ENGINEER  With  experience 
in  pressure  vessel  and  steel  platework  de- 
sign. Should  be  familiar  with  ASME  and 
API  codes.  This  is  a permanent  position 
with  full  benefits.  Reply  in  confidence 
with  all  details  to  our  Chief  Engineer, 
Toronto  Iron  Works,  629  Eastern  Ave., 
Toronto,  Ontario. 


MISCELLANEOUS 

ENGINEER-PLANNER  — Staff  Position. 
City  Planning  Division,  Morris  Knowles 
Inc.  $7200.  Write:  Personnel,  Morris 
Knowles  Inc.,  316  Drake  Bldg.,  Easton, 
Pa..  U.S.A. 

TORONTO  — Well  established  progressive 
Toronto  Company,  operating  two  plants 
in  the  process  industry  and  engaged  in  a 
ma.ior  modernization  program,  requires  a 
graduate  engineer,  preferably  electrical, 
although  he  wilt  be  involved  in  a wide 
variety  of  pro.iects.  Candidates  for  this 
position  should  have  3-5  years’  experi- 
ence in  the  plant  engineering  areas.  The 
position  offers  a young  engineer  a chal- 
lenging opportunity,  for  initiative  will 
earn  him  considerable  freedom  and  scope 
within  the  function.  Apply  in  confidence, 
giving  full  particulars  to:  File  No.  232 -V 
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ELECTRONIC 

ENGINEERS 


THIS  IS  A UNIQUE  OP- 
PORTUNITY to  fully  utilize 
your  present  knowledge  — 
to  expand  that  knowledge 
and  broaden  your  scope  and 
experience. 

Expansion  and  diversifica- 
tion of  product  lines  have 
made  available  positions  at 
supervisory,  senior,  and  in- 
termediate levels,  working 
on  highly  interesting 
projects. 

These  projects  involve  the 
application  of  radar,  gyros, 
servo  systems,  digital  circui- 
try, logic,  switching  and 
analogue  circuitry  on  both 
a system  and  a detailed 
basis. 

A university  degree  in  elec- 
trical engineering  or  engi- 
neering physics,  3 to  10 
years'  experience  in  the 
electronics  field,  together 
with  a strong  desire  to 
create  and  learn  are  the 
major  prerequisites. 

You  are  invited  to  discuss 
these  positions  with  us. 
Please  forward  your  resume, 
or  telephone  for  information. 

Industrial 

Relations 

Manager 

SPERRY  GYROSCOPE 
COMPANY  OF  CANADA, 
LTD. 

P.O.  Box  710  Montreal  3,  Que. 


SITUATIONS  VACANT 
MISCELLANEOUS 


MACHINE  DESIGNER  — An  international 
manufacturing  company  located  in  a pro- 
gressive community  within  65  miles  of 
Montreal  has  created  the  new  position  of 
Machine  Designer.  This  position  involves 
the  complete  design  and  modification  of 
automatic  mass  production  machinery. 
Applicants  should  be  bilingual  and  have  a 
proven  record  of  accomplishment  in 
creative  machine  design  and  a sound 
knowledge  of  machine  shop  practice.  A 
mechanical  engineering  degree  is  desir- 
able but  not  required.  This  Company  is 
a leader  in  its  industry  and  has  liberal 
benefits  and  personnel  programs.  Salary 
will  be  commensurate  with  experience 
and  ability.  All  replies  will  be  held  in 
strictest  confidence.  Send  complete 
resumes  of  education,  work  experience 
and  salary  history  to:  File  No.  179-V. 


PRODUCT  SALES  — Switchgear  & Con- 
trol Division  — Marketing  — offers  an 
attractive  position  in  Product  Sales  to  a 
qualified  engineer  with  some  experience. 
Duties  would  include  promotion  technical 
assistance  to  Field  force,  and  special  nego- 
tiations on  semi-conductors  and  related 


• Discussion 

(Continued  from  page  75) 
about  two  years,  and  with  the  excep- 
tion of  some  loose  rock  bolts  it  looked 
virtually  the  same  as  it  did  when  last 
seen  in  1959.  At  no  point  throughout 
its  entire  length  could  one  say  that 
any  sizable  piece  of  rock  had  fallen. 
All  of  the  gunite  appeared  to  be  in 
very  good  condition,  and  the  amount 
of  leakage  from  the  rock  into  the 
tunnel  appeared  to  be  negligible.  The 
only  change  of  note  was  that  a con- 
siderable number  of  the  rock  bolts 
had  come  loose  and  were  hanging 
from  the  roof  and  walls.  On  the 
Chute-des-Passes  project  it  can,  there- 
fore, be  said  that  an  unlined  low-pres- 
sure tunnel  of  large  diameter  has 
been  highly  successful. 

To  return  to  the  Kemano  tunnel, 
we  believe  that  everyone  will  be  im- 
pressed by  the  ingenuity  of  the  hy- 
draulic testing  which  was  used  to 
evaluate  and  locate  the  source  of 
trouble  before  unwatering.  It  would 
be  of  considerable  interest  if  the 
authors  could  indicate  the  extent  of 
geological  data  that  were  available 
from  the  original  construction  period, 
and  the  extent  to  which  they  were 
helpful  in  the  pre-unwatering  studies 
and  the  post-unwatering  inspection. 

The  geological  description  of  the 
mechanism  of  failure  in  the  fault  and 
the  shear  zones  is  of  particular  in- 
terest since  it  may  hold  the  key  to 
the  successful  application  of  this  ex- 
perience to  other  tunnel  work.  If,  as 
is  suggested,  the  solubility  of  the  cal- 
cite  veins  is  one  of  the  chief  causes 
of  instability,  and  if  much  of  the  rock 
fall,  particularly  in  the  Tahtsa- 
Horetzhy  section,  occurred  soon  after 
tunnel  filling,  one  would  conclude 


products.  Attractive  starting  salary,  in- 
creases on  performance,  excellent  pen- 
sion, surgical  and  medical  benefits.  Reply 
to:  Canadian  Westinghouse  Company  Limi- 
ted. Salaried  Employment  & Placement 
Department,  P.O.  Box  510,  Hamilton,  On- 
tario. 


TEACHING 

RYERSON  INSTITUTE  OF  TECHNOLOGY 

Requires  Teachers  in  Engineering  Tech- 
nology. Applications  are  invited  for  ap- 
pointments in  the  departments  of  Chemi- 
cal, Civil,  Electrical,  Electronic,  and  Mech- 
anical Technology,  and  in  Physics  and 
Mathematics;  duties  to  commence  Septem- 
ber 1,  1962.  QUALIFICATIONS:  Appro- 
priate Master’s  degree  plus  a minimum  of 
two  years’  industrial  or  research  experi- 
ence. Teaching  certificate  not  required  to 
start,  but  must  be  obtained  within  three 
years  through  summer  courses,  provided 
these  courses  are  offered  annually. 
DUTIES:  To  teach  two  or  three  different 
courses  to  post-secondary  school  students 
(lecture  and  laboratory  sessions).  This  is 
an  Ontario  Civil  Service  appointment.  The 
starting  salary  is  $6,300.00  per  annum  with 
advancement  on  merit  by  annual  in- 
crements to  a present  maximum  of 
$9,000.00  per  annum.  Apply  in  writing  to 
The  Principal,  Ryerson  Institute  of  Tech- 
nology, 50  Gould  Street,  Toronto,  Ontario. 


that  the  water  might  be  highly  acid. 
Could  the  authors  state  what  the  pH 
of  the  water  is,  and  would  they  care 
to  comment  on  the  possibility  that  the 
loosening  of  rock  might  be  con- 
tributed to  by  mechanical  vibration  as 
much  as  by  solution  of  the  calcite? 

The  ingenuity  with  which  the  re- 
pairs were  effected  at  the  location  of 
the  major  fall  illustrate  the  reason 
why  this  difficult  operation  was  com- 
pleted successfully,  and  it  gives  good 
reason  to  believe,  as  the  authors  do, 
that  little  more  trouble  will  be  ex- 
perienced with  this  tunnel. 


1.  Matthias,  F.  T.,  Travers,  F.  J.,  and 
Duncan,  J.  W.  L.,  (1960).  "Planning  and 
Construction  of  Chute-des-Passes  Hy- 
dro-Electric Power  Project",  Engineer- 
ing Journal,  V.43,  N.l,  pp  38-51. 


Discussion  by 
R.  W.  Spencer, 

Assistant  Vice-President, 

Southern  California  Edison  Company, 
Los  Angeles. 

The  writer  found  the  paper  to  be 
of  unusual  interest  for  two  reasons; 

1)  because  it  describes  an  extremely 
difficult  repair  performed  in  an  eco- 
nomical and  efficient  manner;  and 

2)  because  it  adds  to  a limited  fund  of 
knowledge  as  to  what  happens  to 
tunnels  after  they  are  put  into  ser- 
vice. Most  long  tunnels  have  several 
papers  written  about  them  describing 
their  design  and  driving  methods. 
Less  frequently  there  are  papers  on 
the  geology  and  its  influence  on  the 
design.  What  happens  after  the  tun- 
nel is  put  in  service  is  usually  left  to 
a few  news-notes  in  an  obscure  news- 
paper or  word-of-mouth  stories.  The 
paper  on  Kemano  will  have  value  to 
anyone  having  to  do  with  the  design 
and  construction  of  tunnels. 

The  writer  is  in  full  accord  with 
the  conclusions  reached,  particularly 
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Each  month  a different  panel  of  fifty  Journal  readers  from  across  Canada  is  asked 
to  nominate  an  award-winning  ad  of  their  choice  from  the  viewpoints  of  ACCU- 
RACY-INFORMATION-ATTRACTION. 


EIC  CERTIFICATE  OF 
ADVERTISING  MERIT 


The  Algoma  Steel  Corporation  Limited 
knows  a good  thing  when  it  sees  one! 
A dramatic,  full  colour,  bleed  photo  of 
the  new  wide  flange  beams  now  being 
produced  in  their  Canadian  mill,  still 
white  hot,  captured  tlie  loumal’s  month- 
ly award  for  December,  1961,  and  March, 
1962.  Now  the  same  scene,  photographed 
from  a different  angle,  wins  the  Certifi- 
cate of  Advertising  Merit  again,  as  the 
best  advertisement  in  our  May  issue. 

In  tliis  version,  the  illustration  occupies 
slightly  over  80%  of  the  page,  compared 
to  about  60%  in  the  previous  version. 
Heading  which  previously  introduced  the 
product  only— “Canada’s  first  wide  flange 
beams  now  produced  by  Algoma  steel” 
-now  adds  benefits— the  new  version 
reading,  “Wide  flange  beams  from  Al- 
goma add  new  scope  and  versatility  to 
structural  steel”. 

The  adverti.sing  of  Algoma  Steel  is  under 
the  direction  of  Mr.  L.  Brown,  Adminis- 
trative Assistant  to  the  President.  The 
winning  advertisement  was  produced  by 
the  Toronto  office  of  Cockfield,  Brown 
& Company  Limited,  Mr.  F.  D.  Adams, 
Account  Executive. 


the  economy  and  practicability  of 
coating  thin  seams  of  poor  or  de- 
composed rock  with  gunite.  In  this 
connection,  the  writer  would  like  to 
comment  briefly  on  the  experience  of 
the  Southern  California  Edison  Com- 
pany with  42  miles  of  tunnels  on  the 
Big  Creek  Project  in  the  Sierra 
Nevada  Mountains.  The  tunnels  are 
mostly  in  relatively  sound  granodio- 
rite.  The  size  varies  from  7 ft.  x 7 ft. 
to  24  ft.  X 24  ft.  and  the  percentage  of 
concrete  lining  varies  from  1.6%  to 
15.3%,  including  pipe  encasement  near 
the  portals.  The  age  of  the  bores 
varies  from  5 to  50  years.  Like  the 
Kemano  tunnel,  the  Sierra  Nevada 
tunnels  are  lined  only  where  support 
was  necessary  to  prevent  collapse.  It 
was  never  found  economical  to  line  a 
tunnel  to  reduce  friction. 

Substantial  repairs  have  been  ne- 
cessary in  only  about  five  cases.  In 
two  cases  after  20  years  of  service  the 
original  horseshoe-shape  lining  was 
found  to  be  cracked  from  squeezing 
ground  under  a cover  of  a thousand 
feet  or  more  and  repairs  were  made 
by  forming  a circular  section  of 
heavily  reinforced  gunite  inside  the 
conventional  horseshoe  lining.  Since 
the  sections  were  short,  20  ft.  and 
235  ft.  respectively,  the  reduction  in 
size  could  be  tolerated  with  only 
negligible  hydraulic  losses. 

In  one  case  in  the  13  mile  Florence 
Lake  Tunnel,  a rock  fall  of  about  200 
cu.  yd.  occurred  as  a result  of  water 
eroding  thin,  parallel  s('ams  in  the 
funnel  roof,  2 ft.  to  4 ft.  apart  and 


Vi  to  2 in.  thick,  which  permitted 
large  blocks  to  fall  in  a manner  simi- 
lar to  some  of  the  Kemano  failures. 
This  one  group  of  seams  was  omitted 
from  the  guniting  program  which 
worked  effectively  for  over  a hundred 
other  seams  scattered  along  a 13  mile 
length  of  tunnel.  Repairs  were  made 
by  filling  the  fissure  with  a slab  of 
concrete  2 to  4 ft.  thick  and  115  ft. 
long.  The  rock  fall  in  this  case  was  a 
progressive  action  over  a period  of 
20  years.  All  other  rock  falls  have 
been  less  than  10  cu.  yds.  and  have 
required  no  repairs. 

In  one  12  ft.  diameter  tunnel,  con- 
structed in  1912,  there  have  been  two 
cases  of  trouble  as  a result  of  insuf- 
ficient top  and  side  cover  on  a very 
steeply  sloping  mountainside.  In  the 
first  case,  washouts  on  a series  of 
joints  several  feet  wide  required  re- 
pairs after  20,  and  again  after  25 
years  of  service.  In  the  second  case, 
leakage  developed  along  a deep- 
seated  regional  joint  system  where  de- 
composition had  occurred  in  seams 
with  a thickness  from  ¥2  in.  to  possibly 
2 ft.  Gradual  increasing  leakage  along 
these  joints  eroded  the  material  and 
permitted  hydro-static  pressures  to 
develop  in  joints  roughly  parallel  to 
the  mountainside.  These  pressures 
caiKScd  shifting  of  suecessive  layers  of 
rock  and  threatened  to  work  back  to 
the  tunnel  itself.  Repairs  were  made 
by  placing  800  ft.  of  free  standing 
l^ipc  iu  the  tuuuel  and  providing  for 
drainage  of  the  space  around  tlu- 
pij)c.  The  case  is  noteworthy  because 


the  first  signs  of  leakage  and  sliding 
occurred  after  43  years  of  service. 
Repairs  were  finally  necessary  after 
50  years  of  service. 

In  summary,  the  experience  with 
decomposed  granite  seams  in  the 
Sierra  Nevada  tunnels  has  been  quite 
similar  to  that  at  Kemano.  If  such 
seams  are  exposed  to  flowing  water 
in  pressure  tunnels,  the  soft  filling 
will  wash  out,  and  if  there  are  several 
parallel  seams  close  together,  a rock- 
fall  will  develop,  the  extent  depend- 
ing on  the  number  and  spacing  of  the 
seams.  However,  even  a thin  coating 
of  gunite  has  been  successful  in  pre- 
venting erosion  and  consequent  rock- 
falls,  for  periods  up  to  30  years  with 
indications  of  indefinite  life.  It  is  ap- 
parent that  a small  expenditure  of 
money  for  guniting  such  seams  is  well 
justified. 

One  last  precaution  should  be 
pointed  out:  Thin,  decomposed  seams 
are  difficult  to  find  in  a dusty  or 
dirt-coated  tunnel  during  construc- 
tion. Before  treatment  of  such  seams 
is  started,  the  entire  tunnel  interior 
should  be  thoroughly  washed  with 
water,  preferably  using  a nozzle  of 
fire-hose  size.  Such  washing  will  show 
up  the  erodable  seams. 

Discussion  by 
H.  E.  Dann, 

Associate  Commissioner, 

Snowy  Mountains  Hydro-Electric 
Authority,  Australia. 

The  paper  has  been  studied  with 
great  interest  in  the  Snowy  Moun- 
tains Hydro-electric  Authority. 

The  Authority  has,  during  the  past 
10  years,  constructed  approximately 
49  miles  of  tunnels,  37  miles  of  which 
are  nominally  unlined,  and  it  has  also 
currently  under  construction  a further 
32  miles  of  tunnels,  25  miles  of  which 
are  to  be  essentially  unlined. 

The  authors  are  to  be  congratulated 
on  the  excellent  presentation  of  the 
paper  and  the  frank  disclosure  of  the 
nature  and  extent  of  the  rock  falls  en- 
countered and  the  repair  techniques 
employed. 

The  information  that  the  major 
rock  fall,  as  well  as  many  other  falls, 
were  initiated  by  the  deterioration  in 
water  of  a seam  of  crushed  rock  and 
clay  only  Vs  in.  to  2 in.  wide  is  par- 
ticularly significant,  since  it  indicates 
the  need  for  meticulous  inspection  of 
the  rock  when  determining  the  final 
treatment  of  an  unlined  tunnel.  Scams 
of  this  size  can  easily  pass  undetected 
especially  in  large  tunnels  \\  here  roof 
and  walls  are  coated  with  rock  dust 
from  blasting. 

Some  statistics  on  the  Sno\\\ 
Mountains  Anthorit\  ’s  nnlincd  tunnels 
now  in  .s('r\icc  arc  as  follows; 

(Coiilhuicd  on  next  papr  'i 
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Concrete 


Tunnel 

Size 

Length  Type  of  Hock 

Miles 

Lining 
per  cent 

Dale  in 
Service 

Date  of 
Inspection 

Guthega 

19  ft. 

Horseshoe 

2.9  Granite 

18.6 

Feb.  ’55 

.Tune  ’56 
March  ’58 

Eucumbene- 

Tumut 

23  ft.  dia. 
Circular 

13.8  40%  granite  and  remaintler 
highly  folded  sedimentary 
rocks,  chiefly  slatey  shale, 
indurated  siltstone  and 
quartzite. 

29.1 

.July  ’59 

Dec.  ’61 

Tooma- 

Tumut 

12  ft. 

Horseshoe 

9.0  Granite 

21.4 

May  ’61 

— 

Murrum- 

bidgee 

Eucumbene 

11  ft. 

Horseshoe 

10.4  90%  highly  folded  sedi- 
mentary rocks,  chiefly  slatey 
shale  and  quartzite. 

17.7 

Feb.  ’61 

May  ’62 

Since  the  construction  of  the 
Euciimbene-Tumut  Tunnel  extensive 
development  of  the  use  of  grouted 
rock  bolts  has  taken  place  in  the 
Authority.  These  bolts  used  as  a prime 
method  of  permanent  support,  to- 
gether with  the  use  of  gunite  for  the 
protection  of  doubtful  seams,  has  en- 
abled a significant  reduction  to  be 
made  in  those  parts  of  the  later  tun- 
nels which  otherwise  would  have  re- 
quired concrete  lining. 

In  the  Eucumbene-Tumut  Tunnel 
gunite  was  not  specified  as  a method 
of  treating  the  rock  but  since  the  con- 
struction of  that  tunnel  it  has  been 
specified  for  all  the  Authority’s  un- 
lined tunnels. 

As  indicated  above,  these  tunnels 
(except  Tooma-Tumut  Tunnel)  have 
been  inspected  after  several  years  in 
service.  The  tunnels  have  been  in 
very  good  condition  with  only  occa- 
sional isolated  small  rock  falls.  These 
falls  have  ranged  from  V2  cu.  yd.  to 
5 cu.  yd.  and  the  largest  experienced 
to  date  was  in  the  Eucumbene-Tumut 
Tunnel  where  a cavity  of  approxi- 
mately 30  cu.  yd.  was  formed  by  the 
progressive  disintegration  of  a basalt 
dike  of  unusual  composition.  This  dike 
was  vertical,  approximately  2 ft.  to 
3 ft.  wide,  with  a strike  across  the 
tunnel  at  right  angles.  The  cavity 
formed  by  the  disintegration  and  fall 
out  of  the  dike  extended  in  some 
places  to  18  ft.  above  the  roof.  This 
cavity  was  filled  with  concrete. 

Murrumbidgee-Eucumbene  Tunnel 
was  inspected  recently  and  the  many 
gunited  sections  were  found  to  be  in 
excellent  condition.  The  Authority’s 
experience  to  date  supports  the 
authors’  confidence  in  “properly  ap- 
plied gunite  adequately  reinforced 
and  anchored”  as  a simple,  effective 
and  permanent  means  of  treatment  of 
seams  in  unlined  tunnels. 

The  practice  on  all  tunnels  con- 
structed by  the  Authority  has  been  to 
carry  out  a complete  geological  log- 
ging as  the  excavation  progresses. 
These  measures  appear  to  be  justified 
in  ensuring  that  steps  are  taken  dur- 
ing construction  to  provide  ultimate 
structural  soundness. 


Discussion  by 
Karl  Terzaghi 

The  performance  records  of  the 
numerous  pressure  tunnels  of  the 
Pacific  Gas  and  Electric  Co.  and  of 
the  Southern  California  Edison  Co. 
demonstrate  very  impressively  that  it 
would  be  a waste  of  capital  to  line 
those  sections  of  pressure  tunnels 
through  granite  which  do  not  require 
any  support  during  construction.  Even 
the  cost  of  repairing  the  Kemano 
tunnel  was  moderate  compared  with 
that  of  lining  the  entire  tunnel.  Yet 
rockfalls  are  a nuisance  and  may  in- 
terfere temporarily  with  the  operation 
of  a powerplant.  Therefore,  the  means 
for  preventing  the  rockfalls  described 
in  the  paper  are  a topic  of  outstanding 
importance.  The  following  paragraphs 
contain  a few  supplementary  remarks 
concerning  this  topic. 

The  foremost  requirement  for  pre- 
venting rockfalls  consists  in  sealing  all 
those  seams  which  may  be  scoured 
out  while  the  tunnel  is  in  operation. 
Satisfactory  procedures  for  accomp- 
lishing this  purpose  are  described  in 
the  paper  under  the  heading  “Seams” 
and  illustrated  by  Fig.  4.  The  ap- 
plication of  the  seals  and  the  type  of 
seal  can  be  prescribed  in  the  specifica- 
tions. However  the  seams  which 
ought  to  be  sealed  must  be  selected 
in  the  tunnel,  in  the  absence  of  the 
author  of  the  specifications.  The  resi- 
dent engineer  has  many  obligations 
other  than  supervising  the  sealing  of 
seams.  The  difficulties  involved  in 
locating  and  sealing  the  seams  depend 
to  a considerable  extent  on  the  de- 
gree to  which  the  rock  was  damaged 
by  blasting.  If  the  tunnel  is  wet  the 
application  of  the  seals  is  quite  a 
delicate  operation  and  the  details  of 
the  procedure  must  be  adapted  to 
the  local  rock  surface  topography 
which  changes  from  place  to  place. 
On  account  of  the  great  variety  of 
conditions  which  may  be  encountered. 


1.  “Major  Underground  Excavation  of  the 
Pacific  Gas  and  Electric  Company"  by 

J.  B.  Cooke,  Second  Rand  Symposium 
on  Underground  Installations,  June 
1958,  Rand,  San  Diego,  Cal. 


the  processes  of  selecting  the  seams  M 
and  sealing  them  assumes  the  charac- 
ter  of  rock-dentistry  the  success  of  45 
which  depends  to  a large  extent  on  ]| 
the  qualifications  of  the  foremen  and  Ij 
the  workmen.  Since  there  are  no 
schools  of  rock  dentistry  and  no  H 
licensed  professional  rock  dentists  it  is  1 
rather  difficult  to  discriminate  be-  i 
tween  competent  and  incompetent  ' < 
ones  before  they  are  in  action.  Rock  j 
defects  like  the  one  responsible  for  | 
the  big  rock  fall  in  the  Kemano  tunnel  | 
would  not  escape  the  attention  of  a 
competent  geologist,  but  he  too  is  ! 
only  an  expert  in  geology;  the  degree  I ; 
of  competency  in  the  field  of  rock  | 
dentistry  depends  entirely  on  what  he 
happened  to  learn  about  it  on  other  i, 
tunnel  jobs.  If  a tunnel  is  located  in  [i  i 
a foreign  country  none  of  the  work-  ' 
men  may  ever  have  heard  about  seal- 
ing operations  and  very  few  tunnel  ■, 
jobs  are  important  enough  to  justify 
adding  a resident  geologist  to  the  1 
field  force.  , 

Considering  the  decisive  influence  | n 
of  these  factors  on  the  success  of  the  |i  1 
sealing  operations  the  writer  would  f 1 
appreciate  the  authors’  comments  on  j 
this  aspect  of  the  subject  of  their  i-i 
paper,  and  to  express  their  opinion  i 
concerning  the  possibilities  for  mini-  |!  i 
mizing  the  consequences  of  the  fact  | :: 
that  the  vital  details  of  the  sealing  1 n 
operations  are  far  beyond  the  scope  i 1 
of  the  plans  and  specifications.  ' 

Discussion  by  : 

C.  P.  Dunn,  ^ 

Consulting  Engineer,  ^ 

Atherton,  Calif.  || 

Tunnels  for  the  conveyance  of 
water  are  an  important  feature  of  the  |i 
general  economic  scheme  of  things,  ji 
and  the  cost  of  concrete  lining  is  a |l 
very  large  part  of  tunnel  costs.  The  I 
designer  and  the  construction  engi-  I 
neer  are  continually  faced  with  the  j 
necessity  to  make  decisions  in  regard  | 
to  the  extent  to  which  lining  of  rock  8 
tunnels  can  be  omitted  as  an  improve-  J 
ment  of  the  economics  of  a project  as 
a whole.  He  needs  the  answer  to  the  j: 
question  “If  we  omit  the  lining  in  | 
these  places  where  we  are  considering  | 
omission,  will  the  saving  in  fixed  | 
charges  be  greater  or  less  than  the  ^ 
possible  added  cost  of  maintenance  'il 
and  operation?”  The  question  is  ob-  !• 
viously  not  quite  that  simple.  There  I 
are  many  things  which  affect  the  i 
answer,  such  as  availability  or  non- 
availability of  the  tunnel  for  reason-  i 
ably  frequent  shut-down  for  inspec-  ; 
tion  and  maintenance.  The  Aluminum  i 
Company  of  Canada  Ltd.  took  a “cal-  | 
ciliated  risk”  in  omitting  the  lining  1 
of  certain  portions  of  the  Kemano  j 
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tunnel.  This  action  ^^■as  proper,  and 
I is  confirmed  by  the  facts  now'  avail- 
i able.  There  is  no  “hindsight”  change 
of  opinion. 

The  value  of  the  paper  under  dis- 
cussion is  that  it  adds  to  the  general 
knowledge  of  the  subject  of  design  of 
tunnels  for  the  conveyance  of  water, 
and  helps  to  establish  the  fact  that 
under  certain  economic  and  physical 
conditions  lining  should  be  omitted, 
and  points  the  way  toward  “what  to 
look  out  for  and  what  to  do  about  it”. 

During  the  construction  of  Kemano 
tunnel,  certain  areas  were  covered 
with  gunite  quickly,  a part  of  the 
reason  being  (a)  safety  of  construction 
personnel  and  (b)  speed  of  construc- 
tion. These  requirements  were  a 
strong  influence  toward  immediate 
application  of  gunite.  Obviously  there 
was  also  a strong  contrary  influence 
toward  leaving  the  rock  bare  for  a 
longer  period  for  more  thorough  in- 
spection and  repair  of  “faults”.  Such 
conflicting  requirements  are  an  in- 
herent part  of  construction  procedure. 

The  writer  adds  the  following 
thoughts,  which  are  not  in  contradic- 
tion to  anything  in  the  paper,  but  are 
expressed  in  a different  way. 

The  crust  of  the  earth  is  imperfect 


as  a structural  material.  It  is  not  ab- 
solutely fixed  in  position.  Geological 
movements  of  the  rock  cause  imper- 
fections called  “faults.”  Faults  are 
“cracks”  which  may  be  open  or  may 
be  filled  with  “gouge”  (finely  ground 
rock  debris)  or  may  be  filled  with 
matter  carried  by  ground  water  either 
mechanically  or  in  solution.  If  rock 
masses  move  relative  to  each  other, 
there  is  shearing  and  grinding  and 
“gouge”  is  produced.  If  rock  masses 
move  directly  away  from  each  other, 
a crack  opens  up,  maybe  minute  in 
dimension  or  maybe  several  inches  or 
feet  across,  and  eventually  the  crack 
gets  filled  up  with  some  material  dif- 
ferent from  the  adjacent  rock  masses. 

Both  of  the  above  types  of  fault 
must  be  contemplated  by  a tunnel  de- 
signer. 

The  earth’s  crust  is  “folded”  or 
“wrinkled”  geologically  in  contortions 
of  both  small  and  large  dimension. 
The  tunnel  designer  must  think  in 
terms  of  folds  several  miles  across, 
and  must  try  to  find  out  whether  his 
tunnel  is  passing  through  the  com- 
pression side  or  the  tension  side  of  a 
wrinkle.  If  he  is  on  the  tension  side 
(as  part  of  Kemano  must  he),  the 
tunnel  gi'ound  is  difficult  because  the 


rock  fragments  tend  to  separate  from 
each  other,  to  “fall  apart”.  If  he  is  on 
the  compression  side  of  a fold,  the 
rock  fragments  are  held  together  by 
the  initial  stress,  and  it  is  easier  to 
dig  a tunnel  through  them. 

In  the  paper,  there  is  mention  of 
“erosion”  of  material  from  faults,  and 
the  need  for  protection  against  ero- 
sion. The  writer  agrees  with  this,  and 
points  out  that  there  are  several  ways 
erosion  can  occur  — (a)  by  the  body 
of  water  being  carried  through  the 
tunnel  flowing  past  or  across  a fault 
zone.  This  velocity  is  not  very  great, 
and  this  type  of  erosion  is  slow;  (b) 
by  ground  water,  at  pressures  higher 
than  the  hydraulic  gradient  of  the 
tunnel;  carrying  material  out  of  the 
cracks  and  into  the  tunnel,  and  (c) 
where  there  is  no  continuously  high 
ground  water  pressure,  water  will 
move  in  and  out  of  cracks  because  of 
normal  variations  in  the  hydraulic 
gradient. 

Discussion  by 

Franklin  T.  Matthias,  m.e.i.c., 

I consider  this  paper  a really  im- 
portant contribution  to  engineering 

(Continued  on  next  page) 
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literature.  It  helps  to  relieve  an  exist- 
ing deficiency  of  infornriation  on  head 
losses  in  large  tunnels  under  various 
conditions  of  flow.  The  opportunity 
to  analyze  effects  of  varying  condi- 
tions of  partial  blockage  in  large  tun- 
nels is  not  common  and  I want  to 
congratulate  Mr.  Madill  for  making 
the  most  of  this  opportunity  to  collect 
and  analyze  the  maximum  of  informa- 
tion available  on  these  phenomena. 

Further,  this  paper  illustrates  a de- 
gree of  careful,  detailed  planning  of 
the  extremely  demanding  job  of  con- 
struction repair  operation  that  is  not 
common  in  the  construction  industry. 
This  careful  planning  before  the  job 
started,  and  the  ingenuity  promptly 
displayed  to  meet  the  engineering  and 
construction  problems  that  developed 
because  of  new  conditions  that  were 
found  as  the  job  went  on,  demon- 
strated a degree  of  close  collaboration 
of  engineering  and  construction 
people  that  could  be  applied  to  all 
construction  work  to  the  mutual  ad- 
vantage of  owner  and  contractor. 
Thorough  planning,  both  before  the 
job  started  and  as  it  progressed,  is 
apparent,  and  without  it  I believe  the 


enviable  record  of  getting  in  and  out 
and  completing  the  job  in  12  weeks 
could  not  have  been  approached. 

The  ingenuity  displayed  in  using 
an  induced  water  hammer  wave  and 
salt  velocity  tests  in  the  tunnel  to  help 
establish  the  nature  of  the  obstruc- 
tions is  worthy  of  special  notice  and 
commendation. 

I well  recall  the  many  theories  ad- 
vanced to  account  for  the  apparently 
mysterious  performance  of  the  tunnel 
after  1956.  The  reconstruction  of 
events  and  their  effects  in  this  paper 
provides  a rational  explanation  con- 
sistent with  the  observed  data. 

The  opportunity  to  make  detailed 
appraisal  of  the  condition  of  a large 
water  tunnel  after  years  of  service 
seldom  arises,  giving  little  chance  to 
compare  design  assumptions  with 
reality  and  to  compare  with  certainty 
the  effectiveness  of  types  of  tunnel 
protection  methods.  Kemano  Tunnel, 
with  some  mass  concrete  lining,  with 
a variety  of  thicknesses  of  plain  gunite 
lining,  and  with  some  tunnel  with  no 
lining,  offered  a unique  comparison 
of  these  different  grades  of  protec- 
tion. The  demonstrated  effectiveness 
of  even  thin  gunite  in  preventing  pro- 
gressive erosion  of  soft  materials  in 
the  seams  is  striking.  The  obvious 
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conclusion  is  that  the  gunite  acted  ■ 
not  as  a structural  support  but  as  a ! 
membrane  seal  that  prevented  the  j 
start  of  evacuation  of  erodible  seam  J 
material.  Without  erosion  of  seamy 
material,  there  was  no  loosening  of  ; 
the  blocky  rock  and  the  residual  ^ 
lateral  stresses  maintained  a natural  i 
arch.  Thus,  material  of  this  general  | 
character,  which  is  frequently  encoun- 
tered  in  tunnel  excavations,  can  be  ■ 
adequately  protected  against  future  ! 
failures  by  a thin  gunite  layer,  assum-  }i 
in  g the  gunite  continues  in  intimate  | 
contact  with  the  rock  surfaces  and  t 
seams.  Modern  practices  of  guniting  j 
against  wire  mesh  held  in  place  by  j 
short  rock  bolts  or  pins  should  pre-  |i 
vent  the  only  apparent  hazard  re-  j 
maining,  that  of  spalling  which  might  | 
expose  erodible  seams.  Since  loosen-  i; 
ing  of  this  kind  of  rock  structure  in  t 
tunnels  exposed  to  air  frequently  |l 
occurs  progressively  due  to  drying  i' 
shrinkage  of  the  material  in  seams, 
the  use  of  gunite  as  a membrane  seal  i; 
should  be  as  effective  in  air  as  it  has  j 
been  demonstrated  to  be  in  water. 

Many  more  phases  of  the  work  and  i 
findings  described  in  this  paper  are 
worthy  of  special  comment,  but  I do  ' 
not  wish  to  dilute  with  additional  i 
words  the  excellent  work  of  the  auth- 
ors.  Perhaps  the  paper  does  not  con-  I: 
vey  the  amazement  and  consternation  i;  ■ 
the  authors  must  have  felt  when  they  ^ 
encountered  the  cavern,  high  enough  | 
for  a 14  storey  building,  but,  by  eus- 
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tom  and  tradition,  emotions  have  no 
place  in  engineering  papers.  I do  con- 
gratulate the  authors  on  an  outstand- 
ing job  and  thank  them  for  making 
the  experiences  and  the  data  a part 
of  professional  literature. 

Author’s  Reply 

The  number  of  written  and  oral 
discussions  by  engineers  of  promi- 
nence is  taken  by  the  authors  as  a 
tribute  which  they  very  much  ap- 
preciate and  wish  to  gratefully 
acknowledge.  These  discussions 
certainly  enhance  the  value  of  the 
paper. 

The  discussion  by  Gorman  and 
Jenkner  and  to  some  degree  that  of 
Lambert,  question  the  general  use  of 
unlined  tunnels,  or  the  extra  cost  of 
tunnel  lining. 

Gorman  and  Jenkner  have  recon- 
structed the  Kemano  experience  as  it 
might  have  affected  an  electric  utility 
and  conclude  that  “A  decision  for  a 
public  utility  might  be  rather  heavily 
influenced  in  favor  of  a lined  tunnel”. 
It  is  considered  by  the  writers  that 
initial  operation  of  the  tunnel  at  full 
flow  would  have  resulted  in  a dif- 
ferent operating  history.  The  purpose 
of  this  paper  was  to  contribute  to  the 
improved  reliability  and  economics  of 
future  unlined  tunnels.  At  Kemano 
the  rockfall  began  early,  but  the 
operation  of  the  tunnel  at  low  flow 
made  excessive  head  loss  difficult  to 
measure  and  of  no  importance  until 
after  seven  years  of  operation.  A 
utility  tunnel  would,  in  all  probability, 
begin  operation  at  full  peaking  capa- 
city. Such  operation  would  immedi- 
ately show  the  presence  of  a hydraulic 
obstruction  before  it  progressed  far 
and  repair  would  be  relatively  minor. 
However,  more  important,  the  ade- 
quate treatment  of  seams  in  future 
tunnels  should  make  the  probability 
of  progressive  rockfalls  very  remote. 

The  assumption  made  by  these 
discussers  that  in  the  Kemano  com- 
parison no  account  was  taken  of  the 
fact  that  a completely  lined  tunnel 
possessing  essentially  similar  hydraulic 
performance  characteristics  as  an  un- 
lined one,  could  be  of  substantially 
smaller  cross  section,  is  not  correct, 
though  the  reasoning  is.  For  example, 
at  Kemano,  when  a long  formation 
near  the  intake  required  support  and 
lining,  a 21  ft.  section  was  driven 
instead  of  a 25  ft.  section,  and  the 
unlined  and  lined  section  had  about 
equal  head  loss.  However,  when  a 
fault  was  encountered  which  would 
require  support  for  only  a .short 
length,  the  driven  section  remained 
at  25  ft.  and  a larger  lined  section 
was  used  to  minimize  concrete,  to 


permit  rapid  lining,  and  to  minimize 
transition  losses. 

The  estimated  four-month  delay 
was  that  which  would  have  occurred 
if  a decision  had  been  made  to  change 
to  an  all-lined  tunnel  of  equal  head 
loss  when  more  than  estimated  sup- 
ported ground  was  encountered. 

The  $12,000,000  saving  of  the  un- 
lined over  the  lined  tunnel  represents 
an  estimate  of  the  saving  of  the  tunnel 
as  constructed,  over  an  all-lined  tun- 
nel having  equal  head  loss. 

The  discussion  by  MacDonald  and 
Morris,  by  Spencer,  by  Dann,  by 
Terzaghi,  and  by  Dunn,  summarizing 
experience  with  unlined  tunnels  of 
the  Pacific  Gas  & Electric  Gompany, 
Southern  Galifornia  Edison  Gompany, 
The  Snowy  Mountain  Hydro  Electric 
Authority,  and  Aluminum  Gompany 
of  Ganada,  Limited’s  Ghute-des- 
Passes  tailrace  tunnel,  all  show  that 
unlined  tunnels  constructed  with  care- 
ful treatment  of  erodible  seams  have 
had  no  rockfalls,  and  are  more  eco- 
nomical than  equivalent  lined  tunnels. 
These  all  very  definitely  support  the 
point  of  view  of  the  authors  as  out- 
lined in  the  previous  paragraphs. 

In  reply  to  Murchison’s  first  ques- 
tion, the  driving  of  a new  tunnel 
around  the  cavern  area  was  con- 
sidered, but  only  as  a last  resort. 
Several  considerations  were  involved, 
namely: 


(a)  All  planning  and  mobilization 
of  ecjuipment  prior  to  unwatering  was 
based  on  the  premise  that  it  was 
possible  to  mine  through  the  fallen 
section.  A hard  rock  tunneling  opera- 
tion would  mean  re-equipping  the 
job  and  losing  time. 

(b)  Because  the  second  tunnel 
planned  for  ultimate  development  of 
the  Kemano  Project  would  be  driven 
on  the  left,  the  by-pass  tunnel  would 
have  to  be  driven  to  the  right  or 
North  side.  Rock  conditions  within 
the  cavern  indicated  the  cavern  would 
continue  to  enlarge  northward  up 
over  the  by-pass  tunnel.  A safe  by- 
pass tunnel  perhaps  800  ft.  long  would 
be  required  and  would  probably  need 
full  lining.  This  compares  with  the 
65  ft.  of  cavern  opening  and  149  ft. 
of  concrete  lining  used. 

(c)  Ventilation  was  a critical  prob- 
lem and  the  use  of  powder  and  ad- 
ditional compressors  within  the  tunnel 
would  have  necessitated  a full  scale 
ventilating  and  blowing  installation 
similar  to  that  used  during  tunnel 
driving. 

(cl)  Additional  time  would  have 
been  required  and  the  cost  would 
have  been  much  greater. 

Murchison  will  note  from  the  paper 
that  muck  filled  over  half  the  tunnel 
cross  section  for  a distance  of  2,600 
ft.  downstream  of  the  cavern.  Since 
(Continued  on  next  page) 
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the  cavern  area  was  already  filled 
higher  than  the  crown,  a limited 
quantity  of  muck  could  have  been 
placed  between  plugs. 

The  paragraph  referred  to  in  Mur- 
chison’s second  question  was  not  in- 
tended to  convey  that  rock  falls 
occurred  only  in  ungunited  areas.  As 
mentioned  in  the  paper,  almost  all 
falls  of  consequence  occurred  in  a 
6,000  ft.  length  of  tunnel  upstream 
of  Horetzky  adit  where  at  least  some 
gunite  had  been  applied,  although 
not  always  over  the  full  perimeter. 
Many  seams  which  required  repairs 
were  also  in  areas  upstream  of 
Horetzky  adit  where  gunite  was  ir- 


regular and  thin.  It  is  interesting  to 
note  that  the  % in.,  uniformly  thick 
gunite  downstream  of  Horetzky  suc- 
cessfully resisted  deterioration  except 
at  the  major  cavern  and  a very  few 
seams  of  little  importance. 

Immediately  downstream  of  the 
major  cavern,  gunite  was  intact  in 
spite  of  evidence  of  violent  battering 
by  rocks  moved  by  high  velocity 
water. 

Lambert  emphasizes  the  ventilation 
question.  The  paper  specifically  men- 
tions the  vent  duct  through  the  main 
cavern  and  refers  to  power  driven 
fans  at  each  end  of  the  tunnel. 
Certainly,  this  was  one  of  the  many 
problems  which  had  to  be  solved. 
Actually,  as  suggested  by  Matthias, 
all  major  items  and  decisions  regard- 


less of  their  nature  were  acted  upon 
with  unanimous  agreement  between 
contractor,  engineer,  and  owner. 

Lawton  and  Lester  mention  two 
other  intei'esting  events,  i.e.  the  tunnel 
draining  and  filling.  There  were  many 
such  facets  to  the  complete  work  and 
space  does  not  permit  including  them 
all. 

In  reply  to  MacDonald  and  Morris, 
the  Tahtsa  Lake  water  has  a ph  of 
7.3.  It  was  considered  by  the  geolo- 
gists that  solubility  of  the  fault 
materials  in  running  water,  and  the 
mechanical  action  of  this  water  were 
the  cause  of  the  same  erosion.  No 
vibration  was  noticed  or  considered 
to  contribute. 

Spencer’s  discussion  says  in  effect 
that  the  experience  with  42  miles  of 
unlined  tunnel  having  ages  five  to 
50  years  has  shown  three  cases  of 
rock  falls,  each  caused  by  erodible 
seams.  This  discussion  which  care- 
fully presents  the  useful  lessons  in 
their  experience  makes  no  mention 
of  the  three  years  of  trouble-free 
operation  of  the  Mammoth  Pool  un- 
lined tunnel  eight  miles  long  and  of 
21  ft.  horse-shoe  section. 

The  review  of  the  Snowy  Mountain 
experience  by  Dann  is  equally  valu- 
able. 

Terzaghi’s  discussion  is  very  much 
appreciated  and  pertinent.  The  au- 
thors agree  rock  dentistry  cannot  be 
written  into  specifications,  yet  it  is 
done  successfully,  as  borne  out  by 
the  experience  summarized  by  the 
discussers  of  this  paper.  Specifically, 
at  Kemano,  the  engineer  had  several 
competent  inspectors  in  the  tunnel 
on  each  shift  working  in  close  co- 
operation with  the  crews,  which  was 
of  great  help.  The  objective  of  the 
contractor  was  to  execute  work  of 
high  quality,  and  the  owner  stressed 
that  the  work  must  be  properly  per- 
formed. 

The  discussions  by  Dunn  and  by 
Matthias  bring  out  additional  aspects 
of  the  paper  and  show  understanding 
of  the  problems  involved,  and  are 
much  appreciated. 
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Call  on  the  experts  at  DOSCO.  They  can  supply  you  with 
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conditions  to  heavy  engineering  applications.  All  treatments 
and  finishes  are  available  for  pieces  involving  adaptations 
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P.O.  Box  249,  Montreal,  Que.  HU  9-3461  P.O.  Box  500,  Rexdale,  Ont.  CH  6-21^ 


IN  THIS  ISSUE 


In  his  paper,  "75  Years  of  Structural  Steel”,  W.  C.  Kimball, 
Assistant  Chief  Metallurgist,  with  the  Algoma  Steel  Cor- 
poration Limited,  Sault  Ste.  Marie,  Ont.,  surveys  the  use 
of  structural  steels  from  the  first  steel  framed  building  in 
Chicago  on  1888,  to  the  latest  buildings  and  bridges  under 
construction  in  1962.  Mr.  Kimball  discusses  the  steel  specifi- 
cations used,  and  the  development  of  the  early  specifications 
into  the  present  steels  is  followed.  Au.xilary  uses  of  steel, 
other  than  as  framing  members,  are  also  developed,  lead- 
ing to  present  day  all  steel  construction  methods.  The  latest 
steel  specifications  are  reviewed  and  some  predictions  are 
made  of  the  structural  steel  specifications  for  the  foreseeable 
future. 


M.  Kert,  in  his  paper,  “The  Mechanical  and  Electrical  Serv- 
ices for  the  Place  Ville  Marie  Development”,  describes  the 
seven  acre  commercial  comple.x  in  Montreal.  The  complex 
comprises  a base  of  two  floors  of  garage  and  storage  area 
and  a shopping  promenade,  plaza,  plaza  shops,  Royal  Bank 
of  Canada  office  building,  four  Royal  Bank  quadrants, 
three-storey  Cathcart  office  building  with  shops  at  plaza 
level.  The  mechanical  services  for  the  Royal  Bank  Building 
are  located  in  the  lower  mechanical  floor  and  the  upper 
penthouse.  Steam  is  supplied  to  the  Project  by  the  C.N.R. 
at  400  p.s.i.  and  is  reduced  to  30  p.s.i.  for  final  use. 
Domestic  water  supply  is  provided  from  the  city  water 
lines  by  two  eight-inch  services  from  University  Street. 
The  water  is  stored  in  a tank  located  at  track  level  and  is 
pumped  directly  to  the  Cathcart  building  and  to  house 
tanks  on  the  27th  floor  and  penthouse  of  the  Royal  Bank 
Building.  The  lower  levels  are  fed  directly  from  the  street. 
Uppermost  floors,  and  the  observation  tower  of  the  Royal 
Bank  Building  are  fed  by  a hydropneumatic  system.  The 
C.N.R.  track  area  has  an  exhaust  ventilation  system  to 
remove  fumes  from  the  diesel  engines  and  discharges  this 
air  to  atmosphere  at  the  roof  of  the  Cathcart  Building.  The 
garage  areas  have  supply  exhaust  ventilation  to  control 
carbon  monoxide  concentration  and  to  remove  gas  fumes. 
Store  areas  are  air  conditioned  with  individual  fan  coil 
compressor  units  provided  with  cooling  tower  water  from 
two  towers  located  on  the  roof  of  the  Cathcart  Building. 
Hydro  service  is  supplied  to  the  site  from  12  kv.  3/60 
service,  and  drops  to  a main  switchboard  and  metering 
room  at  track  level.  12  kv.  feeders  rise  to  the  lower 
mechanical  floor  of  the  Royal  Bank  Building,  and  the 
second  mechanical  penthouse,  and  feed  four  transformer 
banks  of  5000  kv.  each.  12kv./550/3/6.  feeders  serve  two 
electrical  closets  on  each  floor  of  the  tower.  Dry  core 
500/12/208  transformers  and  panelboards  and  metering 
facilities  are  provided  for  each  closet.  Emergency  power 
for  the  lower  levels  is  provided  by  a 500  kv.  diesel. 

Canadian  economic  development  is  imposing  some  im- 
portant changes  on  requirements  for  engineering  manpower 
and  on  how  such  manpower  is  utilized. 

In  his  paper  entitled  “Engineers  in  the  Canadian  Econ- 
omy”, J.  P.  Francis,  Director,  Economics  and  Researcli 
Branch,  Department  of  Labour,  Ottawa,  states  that  jobs 
for  engineers  Iiave  been  growing  at  a more  rapid  pace 
tlian  total  employment  for  several  decades  but,  in  the  last 
ten  years,  a significant  change  has  occurred  in  the  factors 


determining  this  growth.  Until  the  1950’s,  engineering  man- 
power requirements  came  mainly  from  the  overall  growth 
of  the  economy  and  the  fact  that  the  industries  already 
employing  engineers  were  the  fastest  growing  ones. 

In  contrast  to  earlier  decades,  there  have  been  substan- 
tial increases  over  the  past  ten  years  in  the  proportion  of 
engineers  in  the  work  forces  of  many  industries.  Needs  for 
engineers  are  being  generated  by  the  changing  character 
of  industry  due  principally  to  technological  developments. 

Extensive  facilities  have  been  developed  in  Canada  for 
the  education  of  engineers,  while  limited  ones  were  pro- 
vided for  the  training  of  technicians,  and  the  education  of 
business,  financial  and  organizational  specialists.  As  a re- 
sult, engineers  have  been  employed  e.xtensively  in  these 
fields.  Now,  facilities  are  being  expanded  for  the  training 
of  technicians  and  at  the  university  level  for  a growing 
number  of  social  scientists  and  others  with  special  prepara- 
tions for  the  business  world.  These  trends  will  have  impor- 
tant effects  on  the  engineering  profession.  In  the  future, 
greater  emphasis  will  need  to  be  put  on  the  development 
of  university  facilities  at  the  post-graduate  level  in  the  engi- 
neering field,  and  ways  and  means  will  have  to  be  devel- 
oped whereby  engineers  already  in  the  labour  force  can 
keep  abreast  of  technical  and  scientific  developments. 

In  the  future,  the  characteristic  of  engineering  educa- 
tion will  be  an  extensive  understanding  of  scientific  prin- 
ciple on  top  of  which  will  be  built  some  specialized  tech- 
nical knowledge. 

G.  F.  Pearce,  m.e.i.c.,  Assistant  Professor  of  Mechanical 
Engineering,  University  of  Waterloo,  has  written  a paper, 
“The  Production  and  Use  of  an  Animated  Film  for  Teach- 
ing Kinematics”,  which  deals  with  the  actual  production  of 
the  film,  the  drawings  used  for  animation,  the  photographic 
techniques  and  the  equipment  used.  The  film  shows  the 
displacements,  velocities,  and  accelerations  in  a four-bar 
basic  mechanism.  The  method  of  obtaining  the  accelera- 
tions using  a digital  computer  are  explained.  The  particular 
conditions  of  maximum  velocity  and  maximum  acceleration 
are  strikingly  portrayed  when  viewing  the  film  and  the 
superiority  of  the  animated  presentation  over  the  usual 
static  presentation  is  evident. 

“Foundation  Failure  of  a Silo  on  Varved  Clay,”  by  W.  J. 
Eden,  m.e.i.c.,  and  M.  Bozozuk,  m.e.i.c.,  Research  Officers, 
Soil  Mechanics  Section,  Division  of  Building  Research, 
N.R.C.,  Ottawa,  describes  the  collapse  of  a farm  silo 
founded  on  normally  consolidated  varved  clay  near  New 
Liskeard,  Ont.  The  silo  suddenly  collapsed  in  July,  1961, 
the  day  after  being  filled  to  capacity.  The  50  ft.  high  silo 
was  founded  at  a depth  of  4 ft.  on  a 22  ft.  diameter  con- 
crete beam.  Base  loading  was  about  one  ton  per  square 
foot.  The  required  shearing  resistance  of  the  subsoil  accord- 
ing to  bearing  capacity  tlieory  is  compared  with  field  and 
laboratory  measurements  of  shear  strength. 

Many  areas  of  engineering  today  have  experienced  sig- 
nificant extensions  of  knowledge  during  the  past  decade. 
This  poses  a problem  for  the  engineering  teacher,  i.e.,  how 
to  get  the  student  to  absorb  more  material  in  the  alloted 
time.  One  solution  to  the  problem  is  to  use  more  effecti\e 
visual  aids  whicli  give  the  student  such  a clear  conception 
of  the  elementary  principles  that  he  can  progress  to  tlie 
advanced  work  more  rapidly. 


COVER  ILLUSTRATION 

Shown  is  the  steel  superstructure  of  the  new  $4,000,000  wing  at  the  General  Hospital  at  Sault  Ste.  Marie, 
Ont.  Photo  courtesy  of  Algoma  Steel  Corporation  Limited. 
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Weil,  call  Emco  and  see  it  come  true! 

Emco  puts  the  emphasis  on  service. 


Branches  across  Canada  to  serve  you.  ; 
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75  YEARS  OF  STRUCTURAL  STEEL 


IF,  C.  Kimball 

Assistant  Chief  Metallurgist, 

The  Algoma  Steel  Corporation  Limited. 


This  year  we  are  celebrating  the 
75th  Anniversary  of  the  Engi- 
neering Institute  of  Canada.  By  co- 
incidence, we  are  also  celebrating  ap- 
proximately the  75th  Anniversary  of 
the  first  all-steel  structure.  This  is 
all  the  more  a coincidence  when  we 
realize  that  buildings  and  bridges 
have  been  constructed  for  some  4,000 
vears  and  that  steel  has  been  known 
for  some  3,000  years,  and  yet  it  was 
only  in  the  very  recent  past  that  this 
outstanding  metal  was  applied  to  the 
construction  of  buildings  and  bridges. 

While  steel  was  known  and  its 
properties  were  used  for  many  articles 
for  centuries,  it  was  not  until  the 
19th  century  brought  large  scale  steel 
manufacturing  methods  into  use  that 
jrieces  of  steel,  large  enough,  and 
cheap  enough,  were  available  to  be 
of  any  value  in  the  construction  in- 
dustry. 

The  first  recorded  structure  using 
steel  was  a bridge  built  in  Austria,  in 
1833,  which  was  supposed  to  have 
used  steel  eye-bars.  There  is  some 
doubt,  however,  as  to  whether  these 
were  steel  or  wrought  iron;  but  there 
is  definite  proof  that  steel  was  used 
in  bridges  for  a considerable  period 
before  it  was  used  in  building  con- 
struction. As  a matter  of  fact,  some 
tonnage  of  cast  steel  plates  were  used 
in  the  construction  of  the  Niagara 
River  Suspension  Bridge,  which  was 
built  about  1860. 

The  most  widely  publicized  of  the 
early  steel  bridges  is  the  famous  Eads 
Bridge  over  the  Mississippi  River. 
While  much  has  been  said  about  its 
alloy  steel  construction,  it  has  now 
been  shown  that  only  a portion  of  the 
structural  members  were  steel  and  that 
the  alloy  content  of  these  members 
was  almost  insignificant.  The  strength 
of  the  cast  tubular  steel  members  was 
largely  the  result  of  high  carbon  con- 
tents. As  a matter  of  fact,  test  results 
of  the  carbon  steels  used  in  this  bridge 
show  tensile  strengths  running  up  to 
as  high  as  120,000  p.s.i.  I am  sure 
that  many  designers  would  shudder 
at  the  thought  of  using  such  a ma- 
terial in  modern  bridge  construction, 
but  that  bridge  is  still  standing. 


Probably  the  first  all  steel  bridge  of 
any  size  was  the  famous  Firth  of  Forth 
Bridge  completed  in  1889.  This  bridge 
was  of  all  steel  construction,  fabricated 
from  cast  steel  tubular  sections.  All 
told,  some  42,000  tons  of  steel  were 
used  in  this  structure.  There  is  no  test 
data  available  on  the  material  used 
in  this  bridge;  however,  steel  pro- 
duced in  the  British  Isles  at  that 
time  normally  had  a tensile  strength 
of  between  50-58000  p.s.i.  The  Brit- 
ish Board  of  Trade  had  ruled  that  the 
maximum  allowable  working  stress 
should  not  exceed  6y2  tons  p.s.i.  This 
would  appear  low  to  modern  design- 
ers until  it  is  realized  that  wrought 
iron,  which  was  the  previously  used 
material  for  tension  members,  had 
an  allowable  stress  of  only  five  tons 
p.s.i.  This  30%  increase  in  the  work- 
ing stress  was  not  the  result  of  the 
increased  strength  of  steel,  but  it  was 
pointed  out  by  the  Board  of  Trade 
that  steel  members  were  more  homo- 
geneous and  were  free  of  flaws. 

In  this  period  a momentous  change 
was  taking  place  in  Chicago.  The 
world’s  first  true  skyscraper  was 
erected  using  an  all  metal  frame- 
work. While  only  the  top  four  floors 
of  this  10-storey  building  were  fab- 
ricated of  steel,  it  is  the  first  recorded 
use  of  structural  steel  in  a building. 
This  10-storey  building  was  soon  fol- 
lowed by  a 14-storey  building  with 
an  all-steel  frame.  Shortly  afterwards 
steel  became  an  accepted  structural 
material  for  tall  buildings. 

Steel  was  not,  however,  finding 
ready  acceptance  by  all  designers.  In 
1884,  before  the  Franklin  Institute,  a 
noted  bridge  consultant  said  that  in 
the  civil  engineer’s  province  of 
bridges,  viaducts,  and  similar  struc- 
tures, he  would  prefer  the  old  standby 
“good  wrought  iron”.  He  felt  that 
steel  needed  for  bridge  purposes  was 
not  yet  a commercial  product,  and  in 
compression  members  he  had  not  yet 
seen  any  evidence  to  show  that  steel 
was  as  strong  as  wrought  iron.  There 
was  probably  good  reason  for  his  mis- 
trust. Little  was  known  about  the 
effect  of  the  chemical  content  upon 
the  strength  of  the  steel,  and  verv 


much  less  was  known  about  the  effects 
of  rolling  variables  and  handling  of 
the  steel.  In  fact,  in  that  period  there 
were  very  few  testing  machines  capa- 
ble of  carrying  out  tensile  tests  on 
specimens  large  enough  to  have  any 
meaning. 

One  of  the  earliest  studies  of  the 
effect  of  the  chemical  content  upon 
the  strength  of  steel  was  made  by  a 
Mr.  Christie  (Table  1),  and  this  was 

TABLE  I 

Effect  of  Carbon  Content 

Upon  Strength  of  Steel — Christie  1884 

Carbon  Ultimate  Elastic  Elongation 

Content  Strength  Limit  in  10  ins. 


0.10% 

60,000 

PSI. 

36,000 

PSI. 

26% 

0.15% 

66,000 

PSI. 

40,000 

PSI. 

24% 

0.20% 

74,000 

PSI. 

45,000 

PSI. 

22% 

0.25% 

82,000 

PSI. 

50,000 

PSI. 

20% 

0.30% 

90,000 

PSI. 

55,000 

PSI. 

18% 

0.35% 

100,000 

PSI. 

60,000 

PSI. 

16% 

0.40% 

110,000 

PSI. 

65,000 

PSI. 

14% 

reported  to  the  American  Society  of 
Civil  Engineers  in  1884.  Those  who 
are  used  to  looking  at  present  day  test 
reports  will  notice  that  there  is  a 
wide  deviation  between  the  results  re- 
ported by  Mr.  Christie  and  the  results 
that  could  be  expected  at  the  present 
time  for  the  same  carbon  content. 
Unfortunately,  Mr.  Christie  did  not 
report  any  analysis  other  than  the 
carbon  content,  and  I am  sure  that 
the  balance  of  the  chemical  content 
would  leave  something  to  be  desired 
by  present  day  standards.  We  can 
assume  that  the  manganese  content 
was  very  low  and  that  the  phosphorus 
content  was  probably  in  excess  of 
0.1%.  This  would  account  for  the  high 
strength  levels  at  the  low  carbon 
contents  shown,  and  also  for  the  low 
percentage  of  elongation  for  the  cor- 
responding elastic  limits. 

Of  particular  interest  to  Canadians 
is  the  steel  specification,  (Table  2), 

TABLE  2 
Steel  Speeiliealioii 

Stouey  Creek  Areli  C.P.K.  1893 

Pliospliorus 0.00')  Max. 

^lanagenese O.ÔO  Max. 

UUinuite Strongtli . . r)S.00(>-t>r).00(1  PSl. 

Elastic  Limit 33.000  Pc^l.  Min. 

Elongation  (in  8 in.) 20^'^'  Min. 

Keiliiction  in  .Vrea 40‘''c  Min. 
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for  the  Stoney  Creek  Arch  Bridge 
constructed  for  the  C.P.R.  in  1893. 
It  would  be  nice  to  think  that  Cana- 
dian designers  had  the  foresight  to 
come  up  with  such  an  excellent  ma- 
terial specification;  however,  we  must 
face  the  fact  that  this  bridge  was  de- 
signed in  England,  and  that  the  ma- 
terial specification  is  probably  a mod- 
ification of  the  British  Admiralty 
specification  issued  in  1884, 

This  British  Admiralty  specifica- 
tion, (Table  3),  was  probably  the  first 


TABLE  3 
British  Admiralty 
Structural  Steel  Speeification 

1884 

Ultimate  Strength 26-30  Tons  PSI. 

Elongation  (inSin.) ....20% 


steel  material  specification  issued  by 
a non-producing  organization.  Prior  to 
that  time  the  material  specification 
was  largely  left  up  to  the  producer 
and  he  supplied  a material  that  would 
be  suitable,  in  his  estimation,  for  the 
design  strength  specified  by  the  de- 
signer. Nevertheless,  we  must  con- 
gratulate the  C.P.R.  for  their  excel- 
lent judgment  in  their  choice  of  de- 
signers. This  bridge,  280  ft.  high,  with 
a 336  ft.  span,  was  the  largest  high 
arch  bridge  in  the  world  at  the  time 
of  its  construction. 

It  was  not  until  1896  that  any  de- 
gree of  uniformity  was  reached  in 
steel  material  specifications.  At  that 
time  the  Association  of  American  Steel 
Manufacturers  issued  a standard  steel 
specification  for  buildings.  This  stand- 
ard, (Table  4),  recognized  two  grades 


TABLE  4 
Association  of 

American  Steel  Manufacturers 

Steel  Speeification  for  Buildings — 1896 

Phosphorus 0.10%  Max. 

Soft  Grade  Medium  Grade 

Ultimate 

Strength  52,000-62,000  PSI.  60,000-70,000  PSI. 
Yield 

Strength  32,000  PSI.  Min.  35,000  PSI.  Min. 

Elongation 

(in  8 ins.)  25%  Min.  22%  Min. 


of  steel,  the  choice  of  which  was  left 
up  to  the  designer.  Although  phos- 
phorus was  recognized  at  that  time  to 
be  an  undesirable  element,  since  this 
specification  was  prepared  by  pro- 
ducers it  will  be  seen  that  a very 
high  maximum  limit  was  set  on  the 
phosphorus  content.  This  was,  how- 
ever, an  improvement  on  material 
that  had  been  supplied  prior  to  that 
time.  Shortly  afterwards  a specifica- 
tion was  produced  for  structural  steel 
for  bridges,  (Table  5),  in  which  the 


TABLE  5 

Association  of 

American  Steel  Manufacturers 

Steel  Specification  for  Bridges — 1896 

Phosphorus 0.06%  Max. 

Sulphur 0.06%  Max. 

Soft  Grade  Medium  Grade 

Ultimate 

Strength  52,000-62,000  PSI.  60,000-70,000  PSI. 
Yield  “ 

Strength  32,000  PSI.  Min.  35,000  PSI.  Min. 
Elongation 

(in  8 ins.)  25%  Min.  22%  Min. 

effect  of  phosphorus  was  recognized 
and  a limit  of  0.06%  maximum  was 
placed  on  the  phosphorus  content. 

At  the  same  time  that  the  industry 
was  trying  to  standardize  on  material 
specifications  a move  was  undertaken 
to  standardize  on  the  sizes  and  shapes 
produced.  In  the  early  days  each  steel 
producer  rolled  his  own  sections  to 
whatever  dimensions  he  thought  best. 
The  industry  did  get  together  in  1896 
to  prepare  a standard  list  of  structural 
shapes.  This  list  of  beams,  angles,  and 
channels  has  changed  but  little  in  all 
the  years  since  that  time. 

To  show  that  Canadians  in  that 
day  were  the  same  far-seeing  individ- 
uals that  they  are  at  the  present 
time,  the  Dominion  Government 
issued  a steel  specification  for  bridges 
in  1899,  (Table  6),  which  limited  the 

TABLE  6 

Dominion  Government 
Steel  Speeifieation  for  Bridges — 1899 

Phosphorus 0.04%  Max. 

Sulphur 0.04%  Max. 

Soft  Grade  Medium  Grade 

Ultimate 

Strength  50,000-58,000  PSI.  60,000-68,000  PSI. 
Yield 

Strength  30,000  PSI.  Min.  32,000  PSI.  Min. 
Elongation 

(in  8 ins.)  25%  Min.  22%  Min. 

phosphorus  and  the  sulphur  contents 
to  0.04%.  This  was  a radical  tighten- 
ing of  the  North  American  practice 
at  that  time,  and  looking  at  this  speci- 
fication one  can  see  that  there  is  very 
little  difference  between  the  medium 
grade  specified  at  that  time  and  our 
current  CSA  G 40.4  steel.  This  would 
seem  to  indicate  that  either  the  gov- 
ernment officials  responsible  for  this 
specification  were  extremely  far  sight- 
ed or  that  the  steel  industry  has  been 
standing  still  for  some  period.  There 
is  probably  truth  in  both  of  these 
statements. 

National  and  international  specifi- 
cation writing  bodies  started  to  ap- 
pear in  the  1890’s.  In  1893  the  Amer- 
ican Society  for  Mechanical  Engineers 
sent  a representative  to  such  an  in- 
ternational meeting  in  Vienna,  and  in 
1895  the  International  Association  for 
Testing  Materials  was  created  and  an 
American  Section  was  formed.  There 


were  several  Ganadian  members  of 
this  American  Section  at  that  time,  i 
In  May,  1900,  the  American  Sec-  1 
tion  of  the  International  Association  ' 
for  Testing  Materials  proposed  a spe- 
cification for  structural  steel  for  ■ 
bridges,  (Table  7).  This  is  only  slight- 

TABLE  7 j 

International  Association  i 

for  Testing  Materials  i 

American  Section 

Proposed  Standard  Steel  for  Bridges — May  1900  ' 

Open  Hearth  Steel  Only 

Phosphorus 0.06%  Max. 

Sulphur 0.06%  Max. 

Soft  Grade  Medium  Grade 

Ultimate 

Strength  52,000-62.000  PSI.  60,000-70,000  PSI. 
Yield 

Strength  0.5  x US.  Min.  0.5  x US.  Min. 

Elongation 

(in  8 ins.)  25%  Min.  22%  Min. 

L.4TER  ASTM  A-7  j 

ly  different  from  the  specification 
produced  by  the  Association  of  Amer-  j 
ican  Steel  Manufacturers,  but  limita- 
tions were  placed  on  the  phosphorus 
and  sulphur  contents,  and  the  use  of 
Bessemer  steels  were  prohibited  by 
this  specification.  It  would  have  been 
wise  if  some  later  designers  and  fabri-  ' 
cators  had  noted  this  fact.  Later  the  ' 
same  year  a standard  was  proposed 
for  structural  steel  for  buildings, 
(Table  8).  In  this  case  Bessemer  steel 

i' 

TABLE  8 j 

International  Assoc.  | 

for  Testing  Materials  ' 

American  Section  ' 

Proposed  Standard  Steel  for  Building — 1900  I 

Open  Hearth  or  Bessemer  Steel 
Phosphorus .0.10%  Max.  ' 

Ultimate  Strength 60,000-70,000  PSI.  ' 

Yield  Strength 0.5x  U.S.  Min.  ; 

Elongation  (in  8 ins.) 22%  Min.  , 

LATER  ASTM  A-9  | 

was  permitted  and  the  higher  phos- 
phorus content  was  allowed.  It  was 
not  until  1909  that  a lower  phosphor- 
us content  was  insisted  upon  for  build- 
ing construction. 

The  steel  construction  industry  took  i 
a major  step  forward  in  1902  when, 
on  the  original  Grey  mill  in  Luxem- 
bourg, wide  flange  beams  were  rolled  j 
for  the  first  time.  A number  of  sizes  [ 
were  produced  up  to  12  in.  x 29  in.  j 
The  efficiency  of  the  wide  flange  ! 
beam  was  soon  recognized  and  uni-  < 
versai  beam  mills  were  installed  in  ; 
the  United  States  for  the  production 
of  these  shapes. 

The  first  all-steel  framed  structure 
in  Ganada  was  constructed  in  1906, 
and  is  still  standing  on  Yonge  Street  in 
Toronto.  The  delay  in  Ganadians  ' 
using  this  multi-storey  type  of  con- 
struction was  probably  due  not  so 
much  to  Ganadians’  slowness  as  to 
the  British  influence  at  that  time. 
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TABLE  11 

Aiiiericaii  Society  for  Testing  Materials 
Low  Alloy  Structural  Steel — 1941 


Carbon 0.20%  Max. 

Manganese 1 . 25%  Max. 

Sulphur 0.05%  Max. 

Th  icJcn,^ss 

3fl6"(o3/4"  over  3/4"  to  1}4"  over  to  2" 


Tensile  Strength 70,000  PSI.  Min.  66,000  PSI.  Min.  63,000  PSI.  Min. 

Yield  Point 50,000  PSI.  Min.  45,000  PSI.  Min.  40,000  PSI.  Min. 

Elongation 1, 500,000 /TS  (in  8"  Min.) 


ASTM  A-242 


The  British  thought  was  w'ell  ex- 
pressed by  Charles  Childs  in  a paper 
presented  to  the  Royal  Architectural 
Society  in  1898.  He  said,  “It  is  ap- 
palling to  think  what  the  streets  of 
London,  already  in  so  congested  a 
condition,  would  be  like  were  it  per- 
mitted to  erect  buildings  15  or  20 
stories  high”.  I don’t  think  Mr.  Childs 
could  ever  have  conceived  of  real 
traffic  congestion. 

In  the  years  following  1910  steel 
producers,  fabricators,  and  designers 
were  extremely  busy  at  their  jobs  of 
erecting  more  and  more  multi-storey 
buildings.  A number  of  outstanding 
Canadian  buildings  were  erected  in 
this  period,  including  the  Sun  Life 
Building  in  Montreal,  the  Bank  of 
Commerce  Building  in  Toronto,  the 
Royal  York  Hotel  in  Toronto  and  the 
Pickett  Building  in  Hamilton. 

TABLE  9 
American  Society 
for  Testing  Materials 

Specifications  for  Structural  Nickel  Steel  1912 

Carbon 0.45%  Max. 

Manganese 0.70%  Max. 

Phosphorus 0.04%  Max. 

Sulphur 0.04%  Max. 

Nickel 3.25%  Max. 

Ultimate  Strength 85,000-100,000  PSI. 

Yield  Point 50,000  PSI.  Min. 

Elongation  (in  8 ins.) 1, 500,000 /U.S.  Min. 

LATER  ASTM  A-8 


(Table  9),  wms  adopted  in  1912,  and 
was  first  used  on  the  Queensboro 
Bridge  in  New  York;  and  the  specifi- 
cation for  structural  silicon  steel, 
later  ASTM  A-94,  (Table  10)  was 
approved  in  1925,  although  steel  of 
this  type  had  been  first  used  in  1907 
in  the  construction  of  the  Steamer 
S.S.  Mauretania.  The  so-called  high- 
strength  low-alloy  structural  steels 
first  made  their  appearance  in  1941 
as  a standard  specification  (Table  11). 
They  had  been  sold  for  some  time 
previously  under  the  various  produc- 
er’s specifications. 

Canadian  structural  steel  specifica- 
tions were  issued  first  in  1935  by  the 
then  Canadian  Engineering  Standards 
Association.  The  four  grades  of  steel 
covered  at  that  time,  S-39,  S-40,  S-41, 
and  S-42  closely  paralleled  the  exist- 
ing ASTM  specifications  for  struc- 
tural steel  and  rivet  steel.  These  spe- 
cifications kept  their  same  nomen- 
clature although  the  name  of  the 
organization  was  changed  to  the 
Canadian  Standards  Association.  In 
1950  the  same  series  were  changed 
to  the  present  G 40  series  but  still 
maintained  their  great  similarity  to 
the  ASTM  specifications. 

Changes  in  fabricating  technique, 
however,  were  occurring  which  would 
soon  require  entirely  different  ma- 


terial specifications.  Electric  welding 
had  been  used  as  a minor  tool  in  the 
fabricating  industry  since  about  1920. 
It  was  not  considered  suitable  for 
any  major  connections  and  had  lim- 
ited usage.  As  the  art  of  welding  im- 
proved, particularly  with  the  impetus 
of  the  Second  World  War,  it  soon 
became  apparent  that  electric  arc 
welding  was  an  ideal  method  of 
field  fabrication.  One  of  the  earliest 
Canadian  buildings  using  this  con- 
struction technique  was  the  Hospital 
for  Sick  Children  in  Toronto,  con- 
structed in  1947.  This  structure  an- 
nounced the  death  knell  of  the  famil- 
iar sound  of  the  riveter’s  hammer. 
This  building  was  soon  followed  by 
many  others  fabricated  by  this  new 
technique. 

All  of  these  early  structures  were 
made  from  the  normal  structural  steel. 
While  in  many  cases  the  steels  were 
perfectly  satisfactory,  some  fabricators 
were  running  into  considerable  diffi- 
culty in  welding  some  of  the  material 
ordered  to  ASTM  A-7  or  CSA  G 
40.4.  Since  there  was  really  nothing 
in  either  specification  to  prevent  the 
use  of  higher  carbon  material,  it  was 
possible  to  obtain  material  which  mét 
all  the  requirements  of  the  specifica- 
tion yet  would  not  be  suitable  for 
welded  construction.  This  was  soon 
recognized  throughout  the  steel  in- 
dustry, but  a considerable  period  of 
time  was  required  to  develop  a speci- 
fication placing  a suitable  limit  on 
the  carbon  content  of  a structural 
grade  steel.  It  was  not  until  1954 
that  a specification  entitled  “Struc- 
tural Steel  for  Welding”  was  finally 
approved,  (Table  12).  While  this  spe- 
cification has  some  shortcomings,  it 
does  place  a top  limit  to  the  carbon 
content  upon  plates  and  structural 
shapes.  Using  this  material  one  could 
have  reasonable  assurance  that  there 
would  be  no  underbead  cracking  dur- 


Steel  specification  writing  bodies, 
however,  were  resting  on  their  laur- 
els. True,  several  high  strength  struc- 
tural steel  specifications  had  been 
written,  primarily  for  bridge  con- 
struction. The  specification  for  struc- 
tural nickel  steel,  later  ASTM  A-8 


TABLE  10 
American  Society 
for  Testing  Materials 

Structural  Silicon  Steel — 1925 


Carbon 0,40%  Max. 

Phosphorus 0.04%  Max. 

Sulphur 0.05%  Max. 

Silicon ,0.20%  Min. 


Ultimate  Strength . . 

Yield  Point 

Elongation  (in  8 ins.) 
Reduction  in  Area. . . 


80,000-95,000  PSI. 
. ,45,000  PSI.  Min. 
. 1.50,000/U.S.  Min. 
30%  Min. 


ASTM  A-94 


TABLE  12 

American  Society  for  Testing  Material 

Structural  Steel  for  Welding 
Chemical  Requirements 

For  Shapes  For  Large  For  Plates  For  Plates 

and  Bars  to  1 " ILE  Beams  to  1/2"  1/2"  to  1 " 


Carbon 0.28%  Max.  0.28%  Max.  0.26%  Max.  0.25%  Max. 

Manganese 0.50-0.90  - - - 0.50-0.90 

Phosphorus 0.04%  Max.  0.04%  Max.  0.04%  Max.  0.04%  Max. 

Sulfur 0.05%  Max.  0.05%  Max.  0.05%  Max.  0.05%  Max. 


Tensile  Strength 58,000-75,000  PSI. 

Yield  Point 32,000  PSI.  Min. 

Elongation  (in  8") 21%  Min. 


(in  2"). 


.24%  Mil 


ASTM  A-373  - 581’ 
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TABLE  13 

Canadian  Standards  Association 

Structural  Steels  with  Improved  Resistance  to  Brittle  Fracture 

Grade  “A”  Grade  “B”  Grade  “C” 


Carbon 0.22%  Max.  0.20%  Max.  0.15%  Max. 

Manganese 0.80-1.50%  0.80-1.50%  0.80-1.50% 

Phosphorus 0.03  Max.  0 . 03  Max.  0 . 03  Max. 

Sulphur 0.05  Max.  0.05  Max.  0.05  Max. 

Silicon 0.35  Max.  0.35  Max. 

Nitrogen 0.008  Max.  0.008  Max.  0.008  Max. 


Up  to  5/8"  Thick  Over  5/8"  to  1"  Thick  Over  1 " to  1}4"  Thick 

Tensile  Strength 65,000-85,000  PSI.  65,000-85,000  PSI.  65,000-85,000  PSI. 

Yield  Point 40,000  PSI.  Min.  38,000  PSI.  Min.  36,000  PSI.  Min. 

Elongation  (in  8")-  • ■ • 20%  Min.  20%  Min.  20%  Min. 


CSA  G40.8 


ing  fabrication  by  welding.  This  spe- 
cification was  quickly  accepted  by 
bridge  designers  and  many  welded 
highway  bridges  have  been  construct- 
ed in  Canada  using  this  material. 

In  the  years  following  the  Second 
World  War  considerable  thought  was 
given  to  the  problem  of  brittle  frac- 
ture of  structural  materials.  While  this 
problem  did  not  originate  with  welded 
material,  it  was  certainly  brought  to 
the  forefront  by  this  fabricating 
technique.  One  of  the  earliest  failures 
of  a structure  which  we  can  now  rec- 
ognize as  a brittle  fracture  was  that 
in  a molasses  tank  in  Boston,  in  1919. 
A considerable  study  was  made  at 
that  time  since  there  was  a great  loss 
of  life  involved  in  this  failure.  This 
was  a riveted  structure;  however,  the 
circumstances  and  the  method  of  fail- 
ure would  serve  to  establish  this  as 
brittle  failure.  Several  of  the  early 
welded  bridges  in  Europe  failed  when 
only  very  lightly  loaded  because  of 
brittle  fracture. 


the  steelmaking  factors  which  were 
known  to  have  resulted  in  brittle 
fracture  were  high  carbon  contents, 
high  phosphorus  contents,  high  nitro- 
gen contents,  rimming  type  steel, 
large  grain  size,  and  excessively  high 
rolling  temperatures.  When  all  of 
these  factors  were  studied  it  became 
apparent  why,  in  the  early  days,  the 
use  of  Bessemer  steel  had  been  con- 
demned for  bridges.  Although  these 


ing  service,  considerable  pressure  was 
brought  to  bear  to  produce  structural 
steels  which  would  be  suitable  for  a j 
welded  structure  in  any  location  in  1 
Canada.  This  culminated  in  the  adop- 
tion of  the  CSA  standard  G 40.8,  ; 
(Table  13),  of  which  much  has  been  1 
written.  These  steels  offered  Cana-  i 
dian  designers  and  fabricators  ma-  j 
terial  entirely  suitable  for  welded  ' 
bridges  and  buildings  for  use  in  the  j 
cold  temperatures  to  which  we  Cana-  ; 
dians  have  become  accustomed.  As  a ! 
matter  of  interest  these  steels  are  so  j 
desirable  that  their  use  has  spread  far  { 
beyond  the  consti'uction  industry  to  1 
which  they  were  first  intended  and  ; 
they  have  now  been  used  in  pipe-  | 
lines,  storage  tanks  and  machinery.  j 
In  the  past  several  years  the  spe-  | 
cification  writing  bodies  have  been  i 
extremely  busy  with  new  specifica-  j 
tions  for  structural  steel  material.  Be-  } 
cause  of  the  increased  competition 
from  other  building  materials,  de-  j 
mands  were  being  voiced  constantly  ' 
by  structural  designers  for  more  eco-  ( 
nomical,  higher  strength  steels  so  that 
higher  allowable  working  stresses  i 


TABLE  14  I 

High  Strength  Structural  Steel  A-440 

CO.28%  Max.,  MN  1.10-1.60%  PO.04%  Max.,  SO.05%  Max.,  SiO.03%  Max.,  CRO.20%  i 
Min.  ll 

Tensile  70,000  PSI.  Min.,  Yield  50,000  PSI.  Min.  Elongation  (8")  18%  Min.  1! 

High  Strength  Manganese  Vanadium  Steel 
A-441 

CO.22%  Max.,  MN  1.25%  Max.,  PO.04%  Max.,  SO.05%  Max.,  SiO.30%  Max.,  CRO.20%  i 
Min.,  VO.02%  Min.  ! 

Tensile  70,000  PSI.  Min.,  Yield  50,000  PSI.  Min.  Elongation  (8  ")  18%  Min.  [ 

High  Strength  Structural  Steel  A-94  , 

CO.33%  Max.,  MN  1.10-1.60%,  PO.04%  Max.,  SO.05%  Max.,  SiO.30%  Max.  J 

Tensile  75,000  PSI.  Min.,  Yield  50,000  PSI.  Min.,  Elongation  (8")  17%  Min. 


Of  course,  the  factor  which  brought 
brittle  fracture  into  the  limelight  was 
the  failure  of  Liberty  ships  during 
the  Second  World  War.  At  that  time 
a considerable  number  of  ships  suf- 
fered some  damage  and  in  several 
cases  complete  loss  of  the  ships  re- 
sulted. On  the  basis  of  this,  several 
organizations  did  a large  amount  of 
research  into  the  problem  of  brittle 
fracture. 

Without  going  into  the  details  of 
why  fracture  occurred,  it  is  sufficent 
to  say  that  the  effects  of  some  design 
and  material  factors  were  disclosed. 
Basically,  it  was  shown  that  failure 
resulted  from  design  notches,  exces- 
sive restraint  of  material  with  result- 
ant locked-in  stresses,  and  materials 
having  high  transition  temperatures 
as  measured  by  the  standard  impact 
test.  The  problems  of  design  and  re- 
straint of  material,  of  course,  were 
left  to  the  designer,  but  the  problems 
of  materials  found  their  way  eventu- 
ally to  the  steel  producers.  Among 


studies  received  considerable  atten- 
tion in  the  shipbuilding  industry,  no 
great  interest  was  aroused  in  the  con^ 
struction  industry  in  the  United  States. 

In  Canada,  where  definite  prob- 
lems have  existed  with  cold  tempera- 
tures, both  during  fabrication  and  dur- 


could be  used.  In  1959  a high  man-  | 
ganese,  high  strength  structural  steel  i 
was  approved  by  ASTM,  (Table  14),  ; 
which  merely  confirmed  a number  of  ' 
proprietaiy  grades  which  had  been  t 
offered  previously,  and  in  1960  the  j 
high-strength  low-alloy  manganese-  |, 


TABLE  15 

American  Society  for  Testing  Materials 

Specification  for  Structural  Steel — 1960 

Shapes  Plates  Plates  Bars 

Plates  and  Bars  Over  3/4  "-1  Yi  " Over  1 Y " Over  3/4  "-4  " 

Carbon 0.28  Max.  0.28  Max.  0.28  Max.  0.28  Max. 

Manganese 0.80-1.10  0.85-1.20  0.60-0.90 

Phosphorus 0.04  Max.  0.04  Max.  0.04  Max.  0.04  Max. 

Sulphur 0.05  Max.  0.05  Max.  0.05  Max.  0.05  Max. 

Silicon 0.15-0.30  

Tensile  Strength 60,000-80,000  PSI. 

Yield  Point 36,000  PSI.  Min. 

Elongation  (in  8") 20%  Min. 

(in  2") 23%  Min. 

ASTM  A-36 
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TABLE  16 

Lltra  High  Strength  Types 

TI  CO.10-0.20,  MN  0.60-1.00,  SlO.15-0.35,  CU  0.15-0.50 

MO  0.45-0.60,  CR  0.40-0.80,  NI  0.70-1.00,  VO.03-0.10,  B 0.002-0.006. 
Tensile  115,000  PSI.  Min.,  Yield  100,000  PSI.  Min.  Elongation  (2")'18%  Min. 

N-A-XTRA-100 

C 0.10-0.20,  MN  0.60-1.00,  S 10.50-0.90, 

MO  0.15-0.25,  CR  0.45-0.85,  ZR  0.03-0.15 
Tensile  115,000  PSI.  Min.,  A'ield  100,000  PSI.  Min.,  Elongation  (2")  18%  Min. 

AND  OTHERS 


TABLE  17 
Columbium  Types 

AWX-50,  EX-TEN  50,  GLX-50-W,  INX-50,  JLX-50-W. 

PITT-TEN  X-50-W,  REPUBLIC  X-50-W,  YOLOY  50- W. 

Also  45,  55,  and  60  Grades 

ALL  APPROXIMATE 
C 0.10-0.20,  MN  0.30-1.00,  CB  0.01-0.04 
Tensile  65,000  PSI.  Min.,  Yield  50,000.  PSI.  Min.,  Elongation  (8")  22%  Min. 

Vanadium  Types 

V-45,  F-50,  V-55,  V-60,  V-65 
No  Analysis  Available  at  Present 

V-50-Tensile  70,000  PSI.  Min.,  Yield  50,000  PSI.  Min. 


vanadium  structural  steels  were  ap- 
proved, giving  the  same  high  strength 
but  with  much  improved  weldability. 

In  the  same  year  recognition  was 
given  to  the  possibility  of  obtaining 
higher  yield  strength  on  the  common 
structural  materials  resulting  in  the 
now  well  knovra  ASTM  A-36  specifi- 
cation. This  specification,  (Table  15), 
placed  carbon  and,  in  some  cases, 
manganese  restrictions  on  the  analysis 
of  structural  material  so  that  for  the 
first  time  control  of  the  chemical  com- 
position is  maintained  on  our  “garden 
variety”  structural  steels.  In  1961  the 
old  standby  silicon  structural  steel  A- 
94  was  revised  to  include  structural 
steels  having  a 50000  p.s.i.  yield 
strength  in  thicknesses  up  to  iy4-in. 
At  the  same  time  this  specification 
was  also  modified  to  make  it  consid- 
erably more  economical  to  produce. 

The  structural  steel  industry  has 
slowly  developed  from  infancy 
through  childhood,  until  we  are  now 
approaching  full  maturity.  While  we 


are  not  sure  exactly  what  the  future 
course  of  events  will  be,  the  industry, 
after  a slow  start,  has  moved  forward 
with  leaps  and  bounds.  Plates,  and  in 
some  cases  structural  shapes,  are 
readily  available  in  heat  treated  steels 
with  a guaranteed  minimum  yield 
strength  of  100,000  p.s.i.,  (Table  16), 
and  in  recent  months  there  have  been 
a number  of  press  releases  announc- 
ing inexpensive  non-heat  treated  steels 
containing  columbium  or  vanadium 
with  yield  points  ranging  from  40,000 
p.s.i.  to  65,000  p.s.i.  While  all  of 


TABLE  18 

18%  Nickel  Maraging  Steel 

Nickel  18%,  Cobalt  8%,  Molybdenum  5%, 
Titanium  0.4% 

Plus  Aluminum,  Boron,  Zirconium  and  Calcium 
TYPICAL  VALUES 

Tensile  Strength 250,000-275,000  PSI. 

Yield  Strength  (0.2%) 240,000-268,000  PSI. 

Elongation  (1  in.) 10-12% 

Impact  Strength — V Notch..  .75°F  23  ft.  lbs. 

0°F.  23  ft.  lbs. 

-175°F.  21  ft.  lbs. 

-320°F.  20  ft.  lbs. 


TABLE  19 


TABLE  20 


these  steels  are  proprietary  steels  at 
the  present  time,  (Table  17),  the 
specification  writing  bodies  are  al- 
ready at  work  preparing  standard 
specifications  to  cover  this  type  of 
material. 

A major  Canadian  company  has 
recently  announced  “mar-aging” 
steels,  (Table  18),  with  minimum 
yield  strengths  of  from  200,000  p.s.i. 
to  300,000  p.s.i.  While  admittedly 
these  steels  were  not  designed  for 
normal  structural  use,  this  same  com- 
pany is  carrying  out  extensive  re- 
search work  aimed  at  modifying  this 
type  of  steel  to  a much  more  eco- 
nomical grade  with  a guaranteed 
minimum  yield  strength  of  150,000 
p.s.i.  For  some  structures,  such  as 
bridges,  these  steels  could  be  of  great 
interest. 

At  the  present  time  a structural 
steel  designer  has  at  his  choice  stand- 
dard  specifications  covering  yield 
strengths  from  24,000  p.s.i.  up  to 
100,000  p.s.i.,  steels  that  are  weld- 
able, steels  that  are  not  weldable, 
steels  that  are  corrosion  resistant, 
steels  that  are  not  corrosion  resistant, 
steels  having  good  low  temperature 
impact  properties,  and  steels  having 
poor  low  temperature  impact  prop- 
erties. One  can  readily  imagine  the 
confusion  that  does  exist,  particularly 
since  the  modern  concept  of  design  is 
to  use  steels  having  different  yield 
strengths,  depending  upon  the  stress 
levels  encountered  in  a building,  thus 
three  or  four  strength  levels  may  exist 
in  a single  structure.  The  present 
trend  would  only  tend  to  increase 
this  confusion. 

One  solution  that  has  been  pro- 
posed to  solve  this  problem  would  be 
to  eliminate  all  present  structural  steel 
specifications.  (Tables  19,  20),  and  to 
write  one  specification  covering  all  of 
the  desired  strength  levels  as  well  as 
the  other  characteristics  that  may  be 
required,  such  as  weldability,  corro- 
sion resistance  or  resistance  to  brittle 
fracture.  In  this  case  the  designer 
would  specify  exactly  what  strength 
level  and  what  other  characteristics 
he  required  iu  each  part  of  the  struc- 
ture. Such  a change,  of  course,  would 
not  readily  be  adopted  by  tlie  steel 
industry  or  the  designer,  but  would 
seem  to  offer  one  solution  to  this 
problem  that  is  already  upon  us. 

Of  one  thing  we  can  be  sure,  \\  ith 
the  increase  in  skill  of  steelmakers, 
fabricators  and  designers  we  will  have 
steel  construction  with  us  for  some 
time  iu  tlie  future.  This  is  more  sound- 
ly assured  because  now  more  than 
ever  before  designers,  fabricators,  and 
producers  are  working  as  a team  to 
make  more  and  better  steel  struc- 
tures. IjC 
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THE  MECHANICAL  AND  ELECTRICAL  SERVICES 

FOR 

The  Place  VilleMarie  Development 


K 


Monroe  Kert, 

Consulting  Engineer,  Jas.  P.  Keith  à-  Associates, 
Montreal 


The  place  ville  marie 

development  is  located  in  the 
heart  of  Montreal.  It  is  a large  com- 
mercial complex  covering  seven  acres 
and  is  located  on  the  C.N.R.  property 
north  of  Dorchester  Boulevard.  It 
borders  on  Dorchester,  Mansfield, 
University  and  Cathcart  Streets  and 
links  the  C.N.R.  Station  area  and 
Queen  Elizabeth  Hotel  into  an  inte- 
grated unit.  Originally  thought  of  in 
1913  when  the  tunnel  was  constructed 
under  Mount  Royal  it  was  brought  to 
a reality  in  1955  by  imaginative  prin- 
cipals and  C.N.R.  acceptance  of  the 
master  plans  presented  by  Webb  & 
Knapp  (Canada),  that  were  prepared 
by  the  architectural  and  planning 
firm,  1.  M.  Pei  & Associates.  It  essen- 
tially comprises  of  a base  of  two  floors 
of  garage  and  storage  areas  and  a 
shopping  promenade;  plaza;  plaza 
shops;  40  storey  Royal  Bank  of 
Canada  Office  Building,  four  Royal 
Bank  Quadrants;  three  storey  Cath- 
cart Office  Building  with  shops  at 
plaza  level,  and  provision  for  a future 
13  storey  Mansfield  Office  Building. 

To  indicate  the  magnitude  of  this 
project  the  following  approximate 
statistics  are  presented. 

Total  Cost  $90  million 

Mechanical  $13  million 

Electrical  $6.5  million 

Square  Feet  of  Office 

Space 1,800,000 

Square  Feet  of 


Banking  Space  . . . 100,000 

Square  Feet  of  Store 

Space 200,000 

Square  Feet  of 
Garage  Storage  & 

Service  Areas  ....  450,000 

Peak  Total  Labor 

Force 2,100 

Peak  Mechanical 
Sub-contractors 

Labor  Force  500 


Peak  Electrical 
Sub-contractors 

Labor  Force  

Peak  Professional 

Design  :Staff  

Preliminary 

Architectural  & 

Master  plan  

Engineering  Studies  & 
Preliminary 
Design  ....  November,  1957 


125 

200 

1955 


Fig.  1. 
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General  Contracts 

I Awarded April,  1958 

1 Meehanical  Siib- 

eontraetor  on  Site  . May,  1960 
Completion  of  Project 

Scheduled  for  summer,  . 1962 

Brief  Description  of 
Main  Buildings  and  Areas 
The  largest  building  in  the  project 
is  The  Royal  Bank  Offiee  Building. 
The  lobby,  entered  from  the  plaza 
level,  is  50  ft.  high.  At  the  base  of 
the  tower  is  the  Lower  Mechanieal 
Floor,  the  height  of  two  office  floors. 
The  tower  consists  of  40  floors  of 
offices  with  two  levels  of  penhouses 
for  mechanical  and  electrical  facilities. 

There  is  a three-storey  observation 
; tower  in  the  core  area  above  the  pent- 
' houses.  The  cruciform  shape  uniquely 
lends  itself  to  a core  area  containing 
the  mechanical  and  electrical  facili- 
ties, toilets  and  lavatories,  elevators 
and  stairs.  The  wings  provide  clear 
office  areas  of  maximum  flexibility 
with  clear  spans  of  50  ft.  in  one  direc- 
tion and  25  ft.  in  the  other.  Outside 
15  ft.  peripheral  area  is  cantilevered 
with  no  columns.  Exterior  walls  are 
prefabricated  aluminum  curtain  walls 
with  large  single  plate  glass  windows. 
Main  structural  frame  is  fireproofed 
steel.  Office  floor  system  is  metal  “Q” 
floor  with  concrete  topping.  “Q”  floor 
serves  as  raceway  for  telephone, 
power  and  intercommunication  wiring. 
Ceilings  are  metal  panel  with  acous- 
tical core,  recessed  lights  and  dif- 
fusers. Thirty-two  elevators  located 
in  the  core  serve  the  building.  Ele- 
vators are  systematically  programmed 
to  cope  with  the  varying  passenger 
loads.  They  are  automatic,  fully 


supervised,  operatorless,  gearless  type. 

Each  floor  is  approximately  40,000 
sq.  ft.  in  area. 

The  Royal  Bank  quadrants  are 
located  above  plaza  level  at  the  base 
of  the  cruciform  shaped  Royal  Bank 
of  Canada  Building.  These  quadrants 
with  a gross  area  of  approximately 
100,000  sq.  ft.  house  the  main  branch 
banking  halls  for  the  Royal  Bank, 
together  with  facilities  for  employees, 
locker  rooms,  assembly  hall,  cafeteria 
and  kitchen.  The  quadrants  have  lime- 
stone walls.  Each  quadrant  has  nine 
20  ft.  X 20  ft.  domes  in  the  roof  for 
day-lighting. 

The  124  ft.  plaza  level  has  access 
from  all  bordering  streets.  There  are 
four  retail  areas  located  at  plaza  level 
below  the  bank  quadrants.  There  are 
four  courts  with  entrances  from  the 
plaza  to  the  shopping  promenade. 
The  Cathcart  Building  at  plaza  level 
will  contain  33,000  sq.ft,  of  shops. 

Parking  facilities  for  1,500  care  are 
provided  for  on  the  92  ft.  and  101  ft. 
levels  with  entrance  from  Cathcart 
Street.  Access  to  the  Queen  Elizabeth 
Hotel  and  C.N.R.  Station  is  provided 
from  the  Cathcart  Street  Entrance. 
Truck  dock  entrance  is  at  110  ft.  level 
from  East  Street  on  the  south  side 
of  the  property. 

The  101  ft.  level  is  mainly  a shop- 
ping promenade  with  truck  dock, 
owner’s  maintenance  shops,  theatres, 
restaurant  and  cafeteria.  The  92  ft. 
and  101  ft.  levels  are  mainly  garage 
and  storage  areas. 

The  C.N.R.  track  area  is  located 
at  elevation  69.  In  the  area  below 
the  Royal  Bank  Building  are  train 
platforms.  Service  areas  for  water 
storage  tank,  electrical  room  and  fan 


rooms  for  PVM  are  also  located  at 
the  track  level. 

The  Cathcart  Building  is  divided 
into  two  sections  an  East  and  West 
Building.  Shops  are  located  at  plaza 
level  and  upper  three  floors  are  office 
area  with  provision  for  future  three 
storey  extension.  Building  has  a fire- 
proof frame,  “Q”  floor  system,  lime- 
stone walls,  single  glass  windows. 
Area  per  floor,  east  33,750  sq.  ft.  and 
west,  11,250  sq.  ft. 

Steam  Services. 

In  accordance  with  the  Emphy- 
teutic lease  the  C.N.R.  furnishes  all 
steam  requirements  for  the  PVM  de- 
velopment. Their  plant  consisted  of 
three  90,000  Ib/hr.  400  p.s.i.  boilers 
and  auxiliaries.  A 110,000  lb.  boiler  is 
being  added  together  with  a 1000  kva. 
generator  to  furnish  power  for  the 
plant  for  emergency  purposes.  The 
steam  plant  is  5000  ft.  from  the  PVM 
Mechanical  Service  Room.  New  steam 
and  condensate  mains  were  added 
from  the  steam  plant  to  the  C.N.R. 
Mechanical  Room  located  below  the 
C.N.R.  Station.  This  is  the  central 
distribution  point  for  the  Station, 
Track  Service,  Terminal  Building, 
International  Aviation  Building, 
Queen  Elizabeth  Hotel  and  Place 
Ville  Marie  site.  Lines  are  all  meter- 
ed. New  10  in.  and  6 in.  standby 
steam  lines  and  a 6 in.  condensate 
return  line  were  installed  in  the 
tunnel  from  Central  Station  Mech- 
anical Room  to  the  Mechanical 
Room  at  the  92  ft.  level.  Part  of  the 
tunnel  was  existing  and  part  was  new. 
As  the  loads  imposed  on  the  existing 
tunnel  from  anchoring  of  steam  lines 
were  too  great  for  the  structure 
and  alterations  costly,  hinged  type 
expansion  joints  were  used  involving 
three  anchors  only  in  the  1000  ft. 
length.  The  steam  service  lines  are 
at  the  92  ft.  level,  and  the  pressure  is 
reduced  from  320  p.s.i.  ± to  125 
p.s.i.  for  general  service  and  then  to 
30  p.s.i.  for  utilization  in  ventilation 
and  heating  facilities.  Safety  relief 
valves  are  provided  with  vents  rising 
to  the  Lower  Mechanical  Floor  of 
the  Royal  Bank  Building  and  dis- 
charging the  atmosphere.  Steam  serv- 
ices are  provided  for  the  Garage 
areas.  Store  Area,  Royal  Bank  Quad- 
rants, Royal  Bank  Building,  Cathcart 
Street  Building  and  Alcan. 

A steam  loop  main  is  provided  for 
the  stores,  and  services  will  be  e.x- 
tended  as  occupancy  is  determined.  A 
125  p.s.i.  steam  line  rises  from  the 
92  ft.  level  to  elevation  700  ft.  of  the 
Royal  Bank  Building  serving  the 
Lov’cr  Meehanical  Floor  and  1st  and 
2ud  Upper  Mechanical  Penthouses 
lor  ventilation,  air-conditioning,  do- 
mestic water  service  and  the  turbo- 


Fig.  2. 
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generator  for  emergency  power.  Due 
to  problems  of  anchoring  and  guiding 
the  steam  line,  the  vertical  pipe  that 
rises  express  from  elevation  180  ft. 
the  Lower  Mechanical  Floor  to  eleva- 
tion 700  ft.  has  no  vertical  joints,  only 
one  horizontal  universal  joint  at  the 
top. 

All  condensate  is  returned  to  re- 
ceivers and  pumps  on  the  lower  levels 
and  discharged  to  a main  condensate 
receiver.  Condensate  from  upper 
levels  drains  to  the  main  receiver. 
Condensate  then  returns  by  gravity 
to  the  C.N.R.  receiver  located  ad- 
jacent to  the  Mechanical  Room  in  the 
Station,  and  is  then  pumped  back  to 
the  power  plant.  Condensate  is 
metered.  Steam  is  used  directly  for 
ventilation  and  air-conditioning  coils, 
convectors,  rads,  fan  coil  cabinet 
heaters  and  unit  heaters.  Where  steam 
is  used  in  kitchens,  heat  e.xchangers 
are  used  to  ensure  no  contamination 
of  foods  from  boiler  water  treatment. 

Sanitary  and  Storm  Drainage  Systems 
The  Royal  Bank  Building — Main 
sanitary  drainage  is  from  two  banks 
of  toilet  and  lavatory  facilities  located 
in  the  core  of  each  floor.  Each  bank 
contains  eight  water  closets,  three 
urinals,  seven  lavatories,  and  is  served 
by  an  8 in.  soil  and  10  in.  vent.  Each 
wing  has  a wet  column  with  a 6 in. 
soil  and  8 in.  vent.  Other  areas  such 
as  Observation  Tower,  Machine 
Floors,  Owner’s  Locker  Rooms  hav'e 
local  systems  of  drainage  that  connect 
to  the  core  stacks. 

Vertical  stacks  run  through  each 
floor  and  terminate  at  the  top  by 
venting  to  atmosphere  above  the  main 
roof.  The  base  of  the  stacks  are  con- 
nected to  two  12  in.  horizontal  house 
drains  which  also  pick  up  Quadrant 
sanitary  drainage  and  then  run  to 
the  building  wall  where  drains  are 
combined  with  storm  drains  from 
Quadrants  to  run  to  the  5 ft.  com- 
bined City  sewer  located  on  Univers- 
ity Street. 

The  Royal  Bank  Quadrants — A separ- 
ate system  of  sanitary  stacks  and  vents 
is  provided  for  each  Quadrant  for 
sanitary  facilities,  equipment  drains 
and  cafeteria  waste.  Drains  are 
grouped  together  with  Royal  Bank 
Building  drains  above  street  level  and 
then  run  to  University  Street. 

Cathcart  Binlding  East — Sanitary 
facihties  are  grouped  in  two  banks  of 
toilets  consisting  of  six  lavatories,  six 
water  closets,  two  urinals  with  6 in. 
stack  and  6 in.  vent.  Facilities  are 
made  for  four  wet  stack  services. 
Drains  are  collected  and  combined 
with  rain  water  at  the  base  and  run 
to  University  Street  sewer. 


Shopping  Promenade  and  Garage 
Levels — All  sanitary  drainage  origin- 
ating on  these  levels  is  collected  into 
sewage  tanks  and  is  then  pumped  to 
house  drains  and  flows  by  gravity 
to  the  street  sewer.  Waste  drainage 
from  garage  levels  below  110  ft. 
flows  by  gravity  to  drains  located 
below  the  C.N.R.  tracks  through  oil 
and  gas  interceptor  pits  and  then  to 
the  C.N.R.  drains  which  discharge  to 
city  sewers  on  St.  Antoine  Street. 
Drains  stacks  which  run  between 
elevation  90  ft.  and  track  level  69  ft. 
are  insulated  and  traced  with  electric 
heating  cable  as  this  is  an  unheated 
area. 

Storm  Drainage 

The  storm  water  drainage  systems 
consist  of  roof  drains,  leaders  and  area 
drains  designed  to  convey  storm 
water  from  the  roof  and  plaza  areas 
to  the  combined  city  sewers  in  Uni- 
versity and  Mansfield  Streets. 

The  Royal  Bank  Building 

Six  in.  leaders  from  the  roof  are 
collected  into  two  10  in.  horizontal 
storm  water  drains  and  thence  routed 
express  to  the  building  wall  where 
combined  into  one  12  in.  city  sewer 
in  University  Street. 

The  Royal  Bank  Quadrants 

Leaders  from  the  Bank  Quadrants 
are  sized  to  include  drainage  from 
the  tower  walls  that  spiU  onto  the 
Quadrant  roofs.  Storm  drainage  sys- 
tems from  the  Quadrants  are  col- 
lected into  five  12  in.  and  one  10  in. 
drain  joined  at  the  building  wall  and 
run  to  the  5 ft.  sewer  located  below 
University  Street. 


The  storm  and  sanitary  drainage  ; 
from  the  Royal  Bank  Building  and  . 
Quadrants  require  a total  of  four  15  i 
in.  and  two  12  in.  combined  sewers  j • 
to  University.  To  limit  the  surcharge  1 i 
on  the  street,  sewer  connections  are  ", 
a minimum  of  10  ft.  apart. 

Plaza  Drainage — Drainage  from  the  ! 
Plaza  is  colleeted  in  metal  lined  pits  < 
and  conveyed  through  piping  to  city  iv 
sewers  in  University  and  Mansfield  | . 
Streets.  i 

Plaza  drainage  is  sized  to  take  I'l 
rainwater  that  spills  from  the  walls  | i 
of  building  onto  the  plaza.  ^ 

Three  specially  designed  metal  | ♦ 
lined  pits  are  provided  in  the  plaza  i i 
for  melting  snow.  Snow  will  be  manu-  [ i 
ally  collected  and  dumped  into  these  jq 
pits.  A mobile  rig  with  an  oil  burner  N 
located  on  the  plaza  discharging  the  S I 
hot  gases  through  a duct  will  melt  the  I 
snow  in  the  pit  where  the  water  is  ij 
run  into  collector  pits,  and  is  pumped  : i 
to  the  drainage  system. 

Screwed  galvanized  steel  piping  i ) 
with  recessed  cast  iron  drainage  fit-  M 
tings  was  used  for  storm  and  sanitary  jd 
drainage  systems  in  the  Royal  Bank  i » 
of  Canada  Building.  Extra  heavy  cast  i i 
iron  soil  pipe  was  used  in  some  loca-  > i 
tions  where  the  static  pressure  could  | 
not  exceed  50  p.s.i.  ( 

I J 

I;!  i 

Domestic  Water  Supply  Systems  i 

Domestic  water  supply  is  furnished  1 1 
by  the  city  by  means  of  two  8 in.  i 
services  from  University  Street.  Nor-  t 
mally  one  service  only  is  used.  Water 
is  stored  in  500,000  gal.  concrete  | 
tank  located  at  track  level.  Tank  is  I 
arranged  in  two  sections  to  allow  for  [i 
cleaning  and  maintenance.  Each  sec-  i 
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tion  is  divided  into  three  compart- 
ments so  that  in  case  of  failure  of  one 
section,  a limited  amount  of  water 
will  spill  into  C.N.R.  track  area.  Three 
500  US  gpm.  vs.  350  p.s.i.  and  one 
100  US  gpm.  vs.  350  p.s.i.  take  suc- 
tion from  this  tank  and  serve  the 
Royal  Bank  of  Canada  Building. 

Cathcart  Building  is  fed  by  three 
250  US  gpm.  pumps  vs.  125  p.s.i. 
direct  electrically  driven  pumps,  tak- 
ing suction  from  500,000  gal.  reser- 
voir. Domestic  hot  water  tanks  for 
Cathcart  Building  are  steam  heated 
and  located  on  the  101  ft.  levels. 

The  Royal  Bank  tower  has  three 
systems,  a lower  zone  house  tank,  a 
high  level  zone  house  tank  and  a 
hydropneumatic  system  for  the  upper- 
most floors,  observation  tower  and 
penthouses. 

The  low  level  house  tank  is  located 
on  the  27th  floor.  It  has  17,000  U.S. 
gal.  capacity,  10,000  for  domestic 
water  and  7000  for  fire  protection. 
It  is  divided  in  two  sections  to  allow 
for  cleaning  and  maintenance.  Mains 
are  overhead  down  feed  run  at  the 
23rd  floor  ceiling.  Domestic  water 
heaters  are  located  in  the  Lower 
Mechanical  Floor  together  with  cir- 
culating return  domestic  hot  water 
pumps. 

The  high  level  house  tank  is  located 
on  the  Second  Mechanical  Penthouse 
17,000  U.S.  gal.  similar  to  the  lower 
tank.  Distribution  mains  are  run  at 
ceiling  of  41st  and  first  mechanical 
penthouse.  Domestic  water  heaters  for 
the  high  level  system  and  pumps  are 
located  on  the  27th  floor. 

Upper  high  levels  are  served  by 


two  400  and  one  50  US  gpm.  vs.  60 
p.s.i.  hydropneumatic  system.  Water 
to  cooling  towers  is  metered. 

Where  water  pressures  exceed  60 
p.s.i.  static  pressure,  reducing  assem- 
blies are  used. 

A wet  stack  is  provided  in  each 
wing  of  the  Royal  Bank  of  Canada 
Building  for  tenants’  use  with  valved 
hot,  cold  and  circulating  return  pro- 
vided at  eaeh  floor. 

Royal  Bank  Quadrants,  Lower 
Levels  92  ft,  101  ft,  110  ft.,  are 
fed  directly  from  city  service  with 
separate  hot  water  tanks.  Hot 
water  is  preheated  by  a coil  in  the 
main  condensate  return  receiver.  The 
garage  is  provided  with  separate 
metered  service.  A hot  and  cold  water 
loop  at  101  ft.  level  ceiling  is  pro- 
vided for  the  store  areas  and  sub- 
meters will  be  installed  later  as 
required. 

All  water  piping  4 in.  and  less  is 
type  K copper.  Larger  sizes  are  gal- 
vanized steel. 

Fire  Protection 

With  due  regard  for  public  safety. 
City,  Insurance,  Owner  and  C.N.R. 
requirements  and  interest  an  exten- 
sive system  of  fire  protection  is  pro- 
vided. The  basic  structure  is  fire- 
proofed in  aecordance  with  City  and 
insurance  regulations.  Detail  studies 
were  made  of  the  track  area  as  there 
are  train  loading  platforms,  diesel 
engines,  electrically  driven  trains, 
catenary  electric  cables  and  connec- 
tions to  many  buildings.  The  track 
area  is  ventilated  to  remove  diesel 
fumes  and  the  C.N.R.  tunnel  through 


Mount  Royal  connects  on  the  north 
side  of  property.  Track  platforms  are 
covered  with  a dry  pipe  sprinkler 
system.  Areas  at  92  ft.,  101  ft.,  and 
110  ft.  levels  below  the  Royal  Bank 
Building  are  sprinklered.  Track  area 
is  vented  by  means  of  500  sq.  ft.  of 
stack  area  through  the  Cathcart 
Building.  The  site  is  fully  protected 
with  fire  hose  standpipe  and  hose 
systems.  A fire  road  with  access  from 
St.  Antoine  Street  is  provided  at  track 
level.  Facilities  were  made  for  fire- 
men to  drop  hose  from  the  street  level 
to  the  tracks.  Primary  water  supply 
is  taken  from  University  and  Mans- 
field Streets  by  means  of  8'  in.  con- 
nections with  double  bronze  check 
valves  and  alarm  valves.  An  8 in. 
loop  main  is  run  at  the  lower  levels 
and  all  alarm  valves  and  hose  con- 
nections for  the  lower  levels  are  taken 
from  this  loop.  Outside  hydrants  and 
high  and  low  level  pumper  connec- 
tions are  provided  at  the  124  ft.  level. 
Secondary  water  supply  is  provided 
by  the  500,000  gal.  reservoir.  Two 
2000  US  gpm  100  p.s.i.  pumps,  one 
diesel  and  one  electrically  driven 
provide  service  for  the  lower  areas. 
Pressure  is  maintained  on  the  fire 
protection  loop  by  means  of  a 25 
US  gpm  vs  100  p.s.i.  excess  pres- 
sure pump.  The  eleetrical  pump  is 
started  automatically  on  drop  of  water 
pressure.  The  diesel  driven  pump  is 
started  manually. 

The  Royal  Bank  Building  is  pro- 
tected with  fire  hose  standpipes  and 
hose  stations  in  cabinets  and  extin- 
guishers. The  standpipes  are  located 
in  the  core  area  with  hose  stations 
containing  1/2  in.  hose  connected  with 
reducer  to  2^2  in.  valve.  Orifices  as 
required  to  limit  the  pressure  on  the 
1/2  in.  first  aid  hose  are  installed. 
Primary  water  for  the  Royal  Bank  of 
Canada  tower  is  provided  by  the  two 
17,000  gal.  previously  mentioned 
water  tanks  of  which  7000  gal.  is 
reserved  for  fire  protection.  Second- 
ary water  is  taken  from  the  reservoir 
at  track  level.  Two  750  US  gpm  vs 
350  p.s.i.  fire  pumps,  one  electric 
driven  with  variable  speed  motor  and 
one  diesel  driven  are  provided.  Pumps 
are  manually  operated  from  a signal 
system  with  stations  located  at  each 
standpipe  on  every  floor. 

A coded  electi'ical  system  super- 
vises the  fire  protection  system  and 
senses  and  alarms  on  punch  registers 
located  in  the  lobby  and  site  control 
office  in  the  penthouse  of  the  Royal 
Bank  Building.  A site  fire  brigade 
will  be  on  dut\'  at  all  times. 

Heating,  Ventilation  and 
Air-conditioning  Systems 

The  construction  of  the  P\'M 
project  necessitated  a ventilation  sys- 
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tem  for  the  C.N.R.  track  area  below 
as  it  is  intended  to  use  diesel  engines. 
Supply  air  is  drawn  from  Lagauche- 
tiers  Street  through  a system  of  duct- 
work exhausting  the  Pack  area  and 
discharging  to  stacks  which  serve  as 
fire  vents  in  emergencies  to  the  roof 
of  the  Cathcart  Building.  These 
systems  were  furnished  and  installed 
by  C.N.R.  and  their  consultants  in 
co-ordination  with  PVM  architects 
and  engineers. 

Ventilation  of  the  garage  and  stor- 
age areas  is  provided  by  drawing  in 
outside  air  through  filters  and  heating 
coils  and  exhausting  it  to  the  roof 
of  the  Cathcart  Building.  The  city 
recommendations  for  garage  areas  are 
that  the  carbon  monoxide  concentra- 
tion does  not  e.xceed  150  ppm.  for 
areas  where  people  remain  in  the  area 
for  short  periods  of  time  only,  and 
100  ppm.  where  people  remain  in  the 
area  for  extended  periods  of  time. 
From  our  experience  with  similar 
types  of  garage  areas,  four  to  six  air 
changes  per  hour  of  Y2  to  /f  cfm/ sq.  ft. 
are  sufficient  for  meeting  the  city 
requirements.  Provision  is  made  to 
allow  recirculation  of  air  for  heating 
at  night  time  in  garage  areas  which 
are  not  being  used.  Sampling  of  car- 
bon monoxide  will  be  done  to  ensure 
criteria  being  met. 

The  ramp  connecting  Cathcart  Street 
to  the  Garage,  C.N.R.  Station  and 
Queen  Elizabeth  Hotel  is  mechanic- 
ally ventilated  with  supply  and  ex- 
haust air.  The  entrances  to  the  ramp 
and  truck  dock  where  doors  will  be 
open  for  long  periods  of  time  are 
heated  and  protected  with  air  curtains. 

Miscellaneous  supply  and  exhaust 
systems  are  provided  for  transformer 
rooms,  diesel  emergency  generator, 
paint  shop,  pump  and  fan  rooms  ex- 
hausting to  the  roof  of  the  Cathcart 
Building. 

The  Shopping  Promenade  is  air- 
conditioned.  Two  cooling  towers,  each 
with  a capacity  of  1800  US  gpm 
95°,  85°,  75°  F are  provided  at  the 
roof  of  the  Cathcart  Building.  Con- 
denser water,  steam  and  air  is  pro- 
vided by  the  owner,  and  each  store 
will  have  separate  fan  coil  compressor 
units.  The  theatre  and  restaurant  will 
be  air-conditioned  from  the  owner’s 
Cathcart  Street  refrigeration  plant 
located  at  track  level.  The  restaurant 
will  be  exhausted  to  atmosphere  at 
the  Lower  Mechanical  Floor. 

The  Royal  Bank  of  Canada  Quad- 
rants, retail  stores  below  the  Quad- 
rants and  Royal  Bank  Building  are 
completely  air-conditioned  to  main- 
tain comfort  summer  and  winter 
conditions.  Each  Bank  Quadrant 
contains  two  fan  rooms  containing 
high  efficiency  dry  type  filters,  heat- 


ing and  cooling  coils,  supply  and 
return  fans.  Outside  air  is  taken 
from  the  soffit  below  the  Quadrants 
and  e.xhaust  air  is  discharged  through 
the  soffit  area.  Air  is  supplied  to  each 
dome  in  the  ceiling  to  ensure  no 
accumulation  of  smoke  or  stagnant 
air.  In  the  Quadrant  with  the  cafe- 
teria and  kitchen,  air  is  supplied  to 
the  cafeteria  and  through  a perforated 
ceiling  in  the  kitchen,  and  exhausted 
out  through  hoods  with  Is  in.  steel 
welded  duct  insulated  with  2 in. 
magnesia  and  discharged  to  atmos- 
phere at  the  Lower  Mechanical  Floor. 
Retail  store  below  the  Royal  Bank 
of  Canada  Building  at  plaza  level 
will  have  individual  fan  coil  units 
with  return  fans. 

Extensive  preliminary  studies  were 
made  on  various  methods  of  providing 
air-conditioning  for  the  Royal  Bank 
Building.  Methods  considered  were 
dual  duct,  all  air  underfloor  system, 
individual  fan  coils  on  each  floor, 
high  medium  and  low  pressure  air 
distribution  systems  and  induction 
windows  units.  Alternate  machine 
spaces  at  the  bottom,  top  and  inter- 
mediate floors  were  considered.  Vari- 
ous distribution  system  for  air  and 
water  both  with  horizontal  and  verti- 
cal ducts  and  piping  were  analyzed. 
It  was  finally  decided  to  provide 
maximum  flexibility  for  leasing,  and 
thus  machine  rooms  were  created  at 
the  top  and  bottom  with  no  inter- 
mediate full  machine  floors  (only 
minimum  essential  miscellaneous 
spaces  for  elevator  machinery  and 
water  tanks).  Main  air  and  water  risers 
are  located  in  the  core  with  horizontal 
mains  on  each  floor.  The  building  is 
essentially  split  in  two  sections,  the 


lower  machine  floor  serving  the  bot-  1 1*’ 
tom  20  floors  and  the  upper  pent-  j 
houses  serving  the  top  20  floors,  j 
Studies  and  tests  were  made  on  the  | 
use  and  economics  of  single  glass  vs  ' 
double  glass.  From  the  results  it  was 
finally  decided  that  single  glass  would  ; 
be  satisfactory  and  fulfill  the  neces-  j 
sary  requirements  with  an  induction 
system  and  unit  under  each  window.  ' 
The  induction  unit  enclosure  is  1 ft.  ; 
high  and  with  5 ft.  x 7 ft.  window  1 
modules  large  clear  glass  areas  pro-  ; 
viding  an  unobstructed  view  of  the  H 
city  is  made  available  to  the  occu-  | 
pants.  Underwindow  unit  piping  is  so  } 
arranged  to  permit  easy  relocation  of  i 
control  valves  to  suit  the  partitions.  ' 
Induction  units  are  installed  with  j 
thermostats  and  control  valves  to  suit  1 
tenant’s  requirements.  The  peripheral  | 
area  extends  back  15  ft.  from  the  wall,  j 
Tests  were  conducted  at  Penn  State  ! 
University  on  the  curtain  wall  and  î 
glass  with  induction  units  to  ascertain  I 
the  limits  of  humidity  conti'ol  and  i 
operating  performance  of  the  as- 
sembly. The  interior  system  of  each  ' 
wing  has  a medium  pressure  air  ' 
distribution  riser  in  the  core  and  a . 
branch  with  pressure  reducing  as-  | 
sembly,  sound  trap  and  steam  reheat  , 
coil  on  the  supply  and  a sound  trap 
on  each  return  for  each  wing.  The  j 
ceiling  space  is  used  in  most  cases  as  ji 
a return  plenum  with  connections  to  j 
the  riser  in  the  core.  The  peripheral  I 
system  was  completely  installed  with  ( 
the  base  building  with  valves  and  : 
thermostats  arranged  to  suit  the  ten-  J 
ants.  Interior  ductwork  for  the  base  i 
building  terminated  at  the  core  with  | 
p.r.v.  assembly  and  sound  traps  and  Î 
was  extended  to  suit  individual  ten-  ! 


Fig.  5. 
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Fig.  6. 
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ant  requirements.  The  main  air  hand- 
ling assemblies  are  located  in  the 
Lower  Mechanical  Floor  and  first  and 
second  Mechanical  Penthouses.  Pri- 
mary air  supply  consists  of  16  air 
handling  assemblies  two  units  per 
wing  per  20  floors  23,400  c.f.m.  each. 
Interior  air  is  supplied  from  eight  air 
handling  assemblies  80  to  92,000 
c.f.m.  each,  one  per  wing  per  20 
floors  with  return  fans.  Electrostatic 
agglomerator  filters  are  used  through- 
out. To  minimize  stack  effect  and 
freezing  of  coils  on  the  Lower 
Mechanical  Floor  the  air  intakes  have 
garage  type  doors  to  tightly  close  off 
outside  air.  Exhaust  systems  are  pro- 
vided for  miscellaneous  tenant  re- 
quirements, dry  core  transformer 
rooms  and  toilet  rooms.  Elevator 
rooms  have  individual  fan-coil  recircu- 
lating systems  located  in  the  space 
for  providing  cooling.  Lobbies  are 
conditioned  with  fan  coil  units  in  the 
Lower  Mechanical  Floor  and  lobby. 
Air  is  supplied  for  heating  through 
the  mullions  for  the  windows  and  spe- 
cial heating  is  provided  for  the  doors. 
Miscellaneous  systems  for  owner’s 
Locker  and  Service  Rooms  and  Ob- 
servation Tower  are  located  in  the 
first  Mechanical  Penthouse. 

Chilled  water  for  the  Royal  Bank 
Building,  Bank  Quadrants,  Retail 
Stores  at  plaza  level  below  the  Quad- 
rants, Observation  Tower,  lobbies  and 
elevators  is  supplied  from  the  refriger- 
ation room  located  in  the  west  wing 
of  the  Second  Mechanical  Penthouse. 
Cooling  towers  are  located  on  north 
wing  of  the  First  Mechanical  Pent- 
house. Three  2000  ton  totalling  6000 
tons  hermetic  machines  furnish  chilled 
water  at  42  °F.  Motors  are  2300V/3/- 
60.  A three  cell  cooling  tower  18,200 
U.S.  gpm  95°F,  85°F,  75°F  is  pro- 
vided with  one  cell  winterized.  Five 
condenser  water  pumps  rated  at  3600 
U.S.  gpm.  vs  108  ft.  head  with  125 
hp.  550/3/60  and  five  primary  water 
pumps  rated  at  2500  U.S.  gpm  vs 
125  foot  head  with  100  hp.  530/3/60 
1750  r.p.m.  motors  serve  for  the  re- 
frigeration cycle.  Two  secondary 
water  steam  converters  and  three 
pumps  for  perimeter  beating  are  pro- 
vided in  the  second  Mechanical  Pent- 
house and  similarly  for  the  Lower 
Mechanical  Floor.  Pumps  are  rated 
at  2100  LT.S.  gpm.  vs.  88  ft.  with 
75  hp.  5.50/.3/60  1750  r.p.m.  motors. 
To  eliminate  the  high  static  head  on 
the  induction  unit  systems  on  the 
lower  20  floors  of  the  tower,  two 
chilled  water  to  water  heat  exchangers 
each  rated  at  2100  U.S.  gpm  53  to 
57°F  are  provided. 

As  many  tenants  have  requirements 
for  air  conditioning  on  24  hour  per 
day  basis  the  year  around,  fan-coil- 
compressor  packaged  units  are  utilized 


as  required  and  the  owner  has  pro- 
vided a winterized  200  ton  condenser 
water  system  with  risers  through  the 
tower. 

The  Cathcart  Street  Building  is 
comfort  air  conditioned  with  an  in- 
duction system  on  the  periphery. 
There  is  a unit  for  each  window.  The 
air  and  water  system  for  this  building 
is  more  conventional  utilizing  horizon- 
tal mains  and  vertical  risers.  Fan  coil 
equipment,  convectors  and  secondary 
water  pumps  are  located  in  the  pent- 
houses on  the  roof.  Refrigeration 
machine  is  540  tons  hermetic  550/ 
3/60  located  at  track  level.  A 400 
ton  hermetic  machine  located  at  track 
level  serves  the  restaurant  and  the- 
atre and  is  cross  connected  to  the 
tower  system  to  serve  night  or  winter- 
ized loads.  Stores  at  plaza  level  of 
the  Cathcart  Street  Building  will  have 
fan-coil-compressor  units,  and  the 
owner  will  provide  cooling  tower 
services  to  units.  Acid  and  polyphos- 
phate water  treatment  is  provided  for 
all  cooling  towers. 

Controls 

Pneumatic  controls  are  used 
throughout  the  project  with  trans- 
mission of  actual  temperatures  and 
continuous  indication  of  temperatures 
at  the  central  control  panel.  Indi- 
vidual fan  coil  units  have  local  con- 
trol panels  as  required.  Central  con- 
trol panels  are  located  in  the  Garage 
and  Building  Superintendent’s  Office 
on  the  second  Mechanical  Penthouse. 
Fans  and  pumps  can  be  stopped  and 
started  from  this  point.  All  alarms 
are  centralized  on  96  point  annuncia- 
tor panel.  Critical  temperatures  can 
be  remotely  readjusted.  Steam  flows 
and  consumption,  water  flow  and 
electrical  power  are  recorded  on  the 
control  panel. 

Vibration  Control 

Vibration  and  noise  control  for  the 
project  was  carefully  checked,  and 
the  recommendations  of  Messrs.  Bolt, 
Beranek  and  Newman,  acoustical 
consultants  followed.  To  this  end  care 
was  exercised  in  the  selection  of 
equipment.  Ductwork  is  lined  as  re- 
quired. Pumps  and  fans  are  mounted 
on  concrete  bases  with  spring  isola- 
tors. Piping  is  hung  with  spring 
hangers  and  fans  have  flexible  con- 
nections on  duckwork.  Pumps  will 
have  flexible  connections  as  required. 

Electrical  Services 

Hydro  service  is  supplied  to  the 
Site  from  12  kv.  3/60  service  from 
the  Dorchester  Boulevard  sub-station. 
The  incoming  service  feeders  come 
from  University  Street  and  drop  to 
the  main  switch  and  metering  board 
at  the  69  ft.  level.  Twelve  kv.  feeders 
rise  to  the  Lower  Mechanical  Floor 
of  the  Royal  Bank  Building  and  to 


the  second  Mechanical  Penthouse  ! 
where  they  feed  two  banks  of  trans-  , 
formers  3-1666  kva.  12  kv.  550/3/60  j 
one  set  for  owner  and  one  for  tenants  i 
in  each  main  sub-station.  550/3/60 
feeders  serve  the  Royal  Bank  Build- 
ing floors  and  two  75  kv.  A dry 
core  transformers,  550/120/208/3/60 
provide  tenant  service  at  each  floor. 
Facilities  for  metering  each  tenant  are 
provided.  Feeders  also  rise  express  ; 
to  feed  the  transformers  for  the  re-  : 
frigeration  machines  in  the  second  ■ 
Mechanical  Penthouse  12  kv./2300  v.  ' 
2000  kv.  A each.  Sub-stations  are  pro-  | 
vided  for  the  Lower  Levels,  Garage  | 
and  Cathcart  Building  12  kv./550  i 
with  dry  core  550/120/208  as  re- 
quired. The  system  had  to  be  so  , 
arranged  to  provide  flexibility  for 
metering  of  owner’s  services  and 
large  and  small  tenants.  Emergency  ; 
power  for  the  lower  levels  is  provided 
by  a 500  kv.  A diesel  generator  and  i 
for  the  Royal  Bank  Building  by  the  , 
1000  kv.  A turbo-generator  located 
in  the  second  Mechanical  Penthouse. 

A 200  line  Owner’s  internal  telephone  « 
system,  fire  protection  system  and 
strap  key  intercommunication  for  fire 
pumps  has  been  provided.  Total  con- 
nected load  is  estimated  at  36,000  i 
kv.  A. 

General 

From  the  foregoing  article  it  is 
readily  seen  that  the  development  of  r 
a project  as  complex  as  this  one  re-  | 
quires  the  close  co-operation  of  the 
owner  and  tenants,  the  architect, 
structural,  mechanical  and  electrical  , 
engineers,  contractors,  sub-contractors  ' 
and  suppliers  as  well  as  C.N.R.  staff,  | 
city  authorities  and  insurance  under-  : 
writers  and  other  agents.  Plans  and 
specifications  have  to  be  produced, 
men,  equipment  and  material  sched-  - 
uled  and  expedited  and  the  work 
supervised,  tested  and  operated.  Ac- 
knowledgement is  made  to  the  many 
people  who  participated  in  this  proj- 
ect, and  their  fine  co-operation  to 
make  it  all  possible. 

Developers:  Webb  & Knapp  (Can- 
ada) Ltd.;  Construction  Manager:  Q. 

L.  Carlson;  Architects  & Planners:  I. 

M.  Pei  & Associates;  Partner  in 

Charge:  H.  N.  Cobb;  Associate  Archi-  > 
tects:  Affleck,  Desbarats,  Dimakopou- 
los,  Lebensold,  Michaud  & Sise;  Con- 
sulting Mechanical  & Electrical  En- 
gineers: Jas.  Keith  & Associates; 
Consultants:  Cosentini  Associates; 

Structural  Engineers:  Brett,  Ouellette 
& Blauer;  Consultants:  Severud-El- 
stad-Krueger  Associates;  General  Con- 
tractors: Foundation  Company  of 
Canada  Limited;  HVAC  Sub-contrac- 
tor: John  Colford  Contracting  Co. 
Ltd.,  Kirby  Saunders  (Canada)  Ltd.; 
Electrical  Sub-contractor:  Canadian 
Comstock  Company  Limited.  |î^ 
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ENGINEERS 


AND  THE 

CANADIAN  ECONOMY 

/.  P.  Francis, 

Director,  Economics  and  Research  Branch, 
Department  of  Labour,  Ottawa. 


The  future  will  see  an  increasing  use  of  technicians  on  subprofessional  work  now 
being  done  by  engineers.  And  as  a greater  number  of  bright  people  start  to  come 
from  university  courses  oriented  to  the  needs  of  business  and  commerce,  engineers 
will  find  themselves  in  intense  competition  with  such  people.  Both  of  these  pres- 
sures will  generate  further  basic  changes  in  the  engineering  profession. 


IN  150  YEARS  or  so  when  historians 
are  searching  for  a word  or  a 
phrase  to  describe  the  20th  Century, 
I often  think  that  they  may  well  come 
up  with  the  term  “the  explosive  age”. 
Everything  seems  to  be  exploding 
these  days.  In  addition  to  nuclear 
explosions,  we  have  population  ex- 
plosions, explosions  of  national  con- 
sciousness, intellectual  explosions,  and, 
of  course,  more  specifically,  techno- 
logical explosions. 

It  is  the  latter  kind  of  explosion, 
the  scientific  or  perhaps  more  accur- 
ately the  technological  explosion  we 


are  experiencing  at  present,  about 
which  I am  going  to  be  concerned 
today.  I would  like  to  explore  how 
modern  technology  through  its  im- 
pact on  economic  development  in 
Canada  is  affecting,  both  quantita- 
tively and  qualitatively,  our  needs  for 
one  kind  of  high  talent  manpower, 
engineers.  How  rapidly  have  engi- 
neering manpower  needs  been  grow- 
ing in  this  country?  What  aspects  of 
onr  economic  development  have 
created  this  expansion?  How  well 
have  the  needs  been  met?  Are  the 
engineering  manpo\\'er  requirements 


of  this  country  likely  to  be  much  dif- 
ferent in  future  and,  if  so,  what  kinds 
of  problems  are  apt  to  emerge? 

Far  too  often,  it  seems  to  me,  the 
question  of  our  needs  for  engineering 
manpower  on  this  continent  ha\e 
been  considered  in  terms  of  how  we 
compare  with  the  So\iet  ITnion.  In 
recent  years,  the  discovery  that  the 
So\'iet  Union  is  graduating  inan\’ 
more  engineers  per  >'ear  than  the 
United  States  and  Canada,  which  in 
turn  are  graduating  many  more  than 
Western  Europe,  has  caused  consider- 
able panic.  The  most  recent  informa- 
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tion  on  this  point  is  provided  by  an 
850-point  report  on  Soviet  education 
by  Professor  Nicholas  DeWitt,  pub- 
lished by  the  National  Science  Foun- 
dation in  the  United  States. 

A question  which  naturally  comes 
into  one’s  mind  is,  if  North  America 
is  in  such  bad  shape  for  lack  of  en- 
gineers, how  is  Western  Europe,  with 
a great  many  fewer  engineers,  able 
to  carry  on  at  all? 

Part  of  the  answer  is  that  Western 
Europe  uses  its  university-trained  en- 
gineers with  much  greater  economy 
than  we  do,  providing  them  with 
much  more  assistance  in  the  form  of 
highly-trained  technicians  and  skilled 
labor.  If  we  have  a shortage  of  engi- 
neers, the  reason  is  partly  that  many 
of  our  engineers  are  employed  at  sub- 
professional and  non-engineering  tasks 
which  do  not  make  reasonable  use  of 
their  technical  knowledge. 

I am  not  going  to  undertake  to  tell 
Khrushchev  that  he  is  training  too 
many  engineers.  But  the  correct  cri- 
terion of  the  number  of  engineers  to 
be  trained  in  the  United  States  and 
Canada  is  not  the  number  being 
trained  in  the  Soviet  Union,  but  the 
number  that  can  be  usefully  absorbed 
into  the  economies  of  Canada  and  the 
United  States.  If  we  train  too  many 
engineers  we  will  have  too  few  of 
something  else. 

Furthermore,  in  the  competition  in 
engineering  which  North  Amprica 
seems  to  be  conducting  with  the 
Soviet  Union,  the  critical  point  is  not 
the  quantity  of  engineers  but  their 
quality.  The  real  menace  is  not  that 
the  Soviet  Union  may  soon  have  more 
engineers  than  we  do,  but  that  its 
best  engineers  may  be  better  than  our 
best. 

Let  us  take  a look  first,  then,  at 
how  the  economic  development  occur- 
ring in  Canada  over  the  last  three 
decades  has,  in  fact,  affected  engi- 
neering manpower  needs.  In  doing 
this,  I want  to  separate  these  decades 
into  two  periods,  1931  to  1951  and 
1951  to  1961,  because  the  picture 
changed  quite  dramatically  about  ten 
years  ago.  In  addition,  I want  to  dis- 
tinguish between  the  effects  of  three 
basic  factors  which  determine  the 
economy’s  requirements  for  engineers. 

The  first  of  these  is  simply  the 
growth  in  the  total  size  of  the  eco- 
nomy and  the  working  force,  and  this 
I shall  refer  to  as  the  labor  force 
growth  factor.  The  second  is  the 
changing  industrial  structure  of  the 
economy — if  industries  which  employ 
engineers  are  growing  faster  than 
those  which  do  not,  then  obviously 
total  needs  for  engineers  will  increase 
although  proportionately  no  single 
industry  will  be  employing  any  more 


— and  this  I will  call  changing  indus- 
trial structure.  The  last  factor  deals 
with  changes  in  the  relative  numeri- 
cal importance  of  engineers  in  indi- 
vidual industries.  An  increase  in  the 
number  of  engineers  needed  by  the 
economy  due  to  the  fact  that  various 
industries  are  employing  a greater 
proportion  of  them,  I will  label  occu- 
pational composition  changes. 

Erom  1931  to  1951  the  Canadian 
labor  force  grew  by  33%,  and  the  total 
number  of  engineers  increased  by  99% 
— three  times  as  fast.  Why  did  engi- 
neering manpower  requirements  in- 
crease so  much  faster  than  the  labor 
force  over  this  period?  In  terms  of 
the  factors  which  I have  just  listed, 
the  main  reason  was  the  changing 
industrial  structure  of  the  economy. 
The  proportion  of  engineers  employed 
in  various  industries  changed  to  a very 
small  degree.  We  ean  summarize  the 
99%  growth  in  engineering  manpower 
needs  in  this  country  over  this  period 
as  follows:  one- third  due  to  labor 
force  growth,  almost  two-thirds  due 
to  the  changing  industrial  structure  of 
the  economy  (many  of  the  industries 
employing  engineers  were  the  fastest 
growing  ones),  and  a negligible  frac- 
tion due  to  occupational  composition 
changes. 

Now  this  analysis,  I feel,  is  helpful 
in  understanding  the  dynamics  of 
engineering  manpower  demands  over 
this  period.  It  shows  that  while  needs 
for  engineers  increased  rapidly,  this 
was  not  due  to  technical  innovations 
within  industries  which  resulted  in 
more  engineers  being  required  by 
these  industries  in  relation  to  other 
kinds  of  manpower.  Rather,  the  major 
determinant  was  the  changing  indus- 
trial character  of  the  economy,  due 
principally  to  natural  resource  de- 
velopment (mineral  and  power  re- 
sources, for  example)  and  the  growth 
of  secondary  manufacturing  industry 
in  response  to  the  almost  insatiable 
domestic  and  world-wide  demands 
which  existed  in  the  first  10  years 
after  the  Second  World  War.  If  these 
points  are  not  clearly  understood  then 
subsequent  events  become  confusing 
and  open  to  misleading  interpreta- 
tions. 

Now  let  me  turn  to  the  most  recent 
decade.  From  1951  until  1961  the 
number  of  engineers  in  Canada  in- 
creased by  about  80%,  totalling  ap- 
proximately 49,000  in  the  latter  year 
on  the  basis  of  estimates  prepared  by 
the  Department  of  Labour.  This  was 
a faster  rate  of  growth  than  that  of 
the  previous  two  decades.  During  this 
same  decade,  1951  to  1961,  the  labor 
force  increased  by  25%  so  that  engi- 
neers were  growing  in  number  slight- 
ly more  than  tliree  times  as  fast  as 
the  labor  force. 


What  contribution  did  the  three 
growth  faetors  mentioned  earlier 
make  in  the  past  10  years?  Their 
effects  can  be  summarized  again  as 
follows:  slightly  less  than  one-fourth 
was  due  to  labor  force  growth,  a 
negligible  amount  was  due  to  chang- 
ing industrial  structure,  and  more 
than  two-thirds  was  the  result  of 
changing  occupational  composition. 
This  means  that  during  the  past  10 
years,  technological  and  other  changes 
within  industries  have  resulted  in  sig- 
nificant increases  in  the  proportion  of  . 
engineers  being  employed,  in  certain 
industries  at  least.  This  is  in  sharp 
contrast  to  the  comparable  picture  in 
the  previous  two  decades. 

What  does  this  rather  startling 
change  mean?  It  means  that  the 
nature  of  our  economic  development 
has  changed  very  considerably  over 
the  last  decade  and  this  has  reshaped 
the  character  of  the  requirements  be- 
ing generated  for  engineers.  Instead 
of  these  needs  being  created  by  the 
sheer  growth  of  the  manufacturing 
and  other  industries  which  employ 
engineers,  a few  of  these  and  some 
other  industries  have  more  recently 
been  employing  engineers  to  a mueh 
greater  extent  than  heretofore. 

What  are  the  industries  which  have 
been  hiring  relatively  greater  numbers 
of  engineers,  and  what  have  these  en- 
gineers been  doing?  The  main  ones 
are  government,  the  chemical  manu- 
facturing industry,  and  the  electrical, 
electronic  and  power  industi'ies.  It  is 
interesting  that  these  sectors  of  the 
economy  represent  two  major  techno- 
logical fields,  electronics  and  chem- 
istry, whose  impact  on  Canadian 
economic  development  has  been  tre- 
mendous, and  whose  importance  for 
our  future  economic  growth  is  crucial. 
In  government,  they  also  include  the 
sector  of  the  economy  where  most 
researeh  and  development  work  is 
done  in  Canada,  but  as  well  where  a 
considerable  amount  of  construction 
work  is  planned  and  supervised. 

Another  important  feature  of  the 
past  decade  has  been  the  tremendous 
increase  in  firms  and  individuals  of- 
fering professional  engineering  serv- 
ices— what  is  more  popularly  known 
as  consulting.  The  greater  availability' 
of  these  services  has  made  it  possible 
for  many  medium-size  and  smaller 
finns  to  purchase  top-notch  engineer- 
ing advice  and  assistance  on  a contract 
or  fee  basis  which  they  could  not 
afford  to  obtain  by  developing  engi- 
neering departments  of  their  own. 
There  has  evidently  been  some  tend- 
ency as  well  for  larger  firms  to  con- 
tract out  their  engineering  work  to 
consulting  organizations. 

This  relative  shift  of  engineering 
work,  in  the  technical  sense  of  that 
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term,  from  the  large  corporation  to 
the  specialized  professional  service 
firm  is  ^■er^"  significant — it  has  prob- 
ably lowered  the  unit  cost  of  such 
serx’ices  in  the  economy  as  a whole 
and  at  the  same  time  has  brought 
modern  technology  to  a greater  extent 
within  the  reach  of  many  more  com- 
panies and  organizations.  For  a rela- 
tiveh'  small  country  like  Canada,  this 
is  crucial. 

So  far  u’e  ha\’e  been  talking  about 
the  factors  detennining  engineering 
manpower  requirements  and  how 
these  hat'e  been  changing  during  the 
past  three  decades.  The  question  still 
remains,  howe\'er,  whether  we  have 
too  many  engineers,  not  enough,  or 
just  about  the  right  number?  This 
question  can  be  put  in  a slightly 
different  way;  are  we  spending  too 
little,  or  too  much,  or  just  enough  on 
the  education  and  training  of  engi- 
neers? 

Recently  some  economists  have 
approached  this  question  by  regard- 
ing educational  expenditures  as  a 
form  of  investment  and  by  trying  to 
calculate  the  financial  return  received 
by  college  graduates  on  the  money 
invested  in  their  college  education. 
The  conclusions  reached  to  date,  as 
far  as  the  United  States  is  concerned, 
appear  to  indicate  that  the  rate  of 
return  to  investment  in  college  edu- 
cation is  about  equal  to  the  rate  of 
return  prevailing  for  investment  in 
general,  when  this  latter  rate  includes 
some  allowance  for  risk,  corporate 
income  tax,  etc.  Consequently,  it 
would  appear  that  in  recent  years 
investment  in  college  education  in 
the  United  States  has  been  at  about 
the  right  level. 

There  is  a serious  problem  inherent 
in  this  approach  because  of  the  large 
proportion  of  the  return  to  expendi- 
tures on  college  education  which  can- 
not be  measured  in  monetary  terms. 
This  proportion  of  the  return  includes 
non-measurable  returns  to  both  the 
community  as  a whole  as  well  as  to 
the  individual. 

In  regard  to  non-measurable  re- 
turns to  the  community  as  a whole, 
I cannot  express  the  point  better  than 
did  Alfred  Marshall,  the  great  English 
economist  of  the  nineteenth  century: 

“The  wisdom  of  expending  public 
and  private  funds  on  education  is 
not  to  be  measured  by  its  direct 
fruits  alone.  It  will  be  profitable 
as  a mere  investment,  to  give  the 
masses  of  the  people  much  greater 
opportunities  than  they  can  gener- 
ally avail  themselves  of.  For  by 
this  means  many,  who  would  have 
died  unknown,  are  enabled  to  get 
the  start  needed  for  bringing  out 


their  latent  abilities.  And  the  eco- 
nomic value  of  one  great  industrial 
genius  is  sufficient  to  cover  the 
expenses  of  the  education  of  a 
whole  town;  for  one  new  idea, 
such  as  Bessemer’s  chief  invention, 
adds  as  much  to  England’s  produc- 
tive power  as  the  labor  of  a hun- 
dred thousand  men.  Less  direct, 
but  not  less  in  importance,  is  the 
aid  given  to  production  by  medical 
discoveries  such  as  those  of  Jenner 
or  Pasteur,  which  increase  our 
health  and  working  power;  and 
again  by  scientific  work  such  as 
that  of  mathematics  or  biology, 
even  though  many  generations  may 
pass  away  before  it  bears  visible 
fruit  in  greater  material  well-being. 
All  that  is  spent  during  many  years 
in  opening  the  means  of  higher 
education  to  the  masses  would  be 
well  paid  for  if  it  called  out  one 
more  Newton  or  Darwin,  Shake- 
speare or  Beethoven.” 

In  view  of  the  high  productive  poten- 
tial of  new  ideas,  and  in  view  of  the 
fact  that  many  highly  intelligent 
people  are  among  those  not  yet  get- 
ting a higher  education,  the  results 
which  might  be  reaped  from  sending 
an  additional  10,000  Canadians  to 
college  each  year  cannot  be  precisely 
estimated;  it  would  be  a gamble  in 
which  the  possible  losses  were  strictly 
limited,  v/hile  no  limit  could  be  set 
to  the  possible  winnings. 

Non-measurable  returns  to  the  in- 
dividual are  returns  from  what  is 
sometimes  called  “consumption  edu- 
cation”. These  returns  come  chiefly 
as  sophisticated  forms  of  enjoyment. 

It  must  be  delightful,  for  example, 
to  be  able  to  laugh  at  the  jokes  of 
Aristophanes,  when  and  if  you  hear 
him  acted  in  the  original  Greek.  A 
man  who  can  do  that  is  a man  of 
great  culture;  he  is  also  one  up  on 
the  rest  of  the  audience. 

Consumption  education  does  not 
have  to  be  at  the  university  level. 
Suppose  a man  has  an  excellent  cook 
who  happens  to  be  illiterate.  He 
teaches  her  to  read.  As  a result,  she 
reads  “Dracula”  and  thus  becomes  a 
woman  of  broader  culture  and  wider 
interests,  but  her  productivity  as  a 
cook  is  not  improved.  In  fact,  she 
entirely  ceases  to  make  her  previously 
celebrated  blood  puddings. 

One  thinks  chiefly  of  literary 
studies  in  connection  with  consump- 
tion education.  But  any  subject  can 
serve  as  consumption  education,  pro- 
vided that  the  knowledge  is  not  used 
for  production.  A bishop  might  take 
a course  in  electrical  engineering  and 
use  the  knowledge  only  to  build  a 
model  electric  railway  in  his  rumpus 


room.  In  fact,  practically  all  education 
contains  a certain  element  of  consump- 
tion; however  serious  one’s  purpose 
in  taking  a course,  one  can  hardly 
avoid  learning  some  things  that  are 
merely  interesting  or  amusing. 

Despite  these  difficulties,  this  ap- 
proach offers  considerable  promise 
as  one  of  the  analytieal  tools  needed 
to  help  us  form  an  economically 
sound  judgment  about  the  amount 
of  expenditures  being  made  in  the 
eountry  on  different  kinds  of  educa- 
tion and  training.  It  would  seem  to 
be  particularly  appropriate  as  a means 
of  assessing  expenditures  on  those 
kinds  of  education  which  are  clearly 
a preparation  for  some  occupational 
field  of  employment.  One  might  select 
types  of  education,  such  as  engineer- 
ing, which  are  clearly  oriented  to- 
wards speeific  occupations  and  at- 
tempt to  estimate  the  relative  returns 
on  the  investment  involved.  The  diffi- 
culty at  present,  of  course,  is  the  lack 
of  statistical  data  in  sufficient  detail 
and  over  a long  enough  period.  One 
would  also  have  to  be  careful  about 
drawing  conclusions  because  there 
might  still  be  important  non-measur- 
able returns.  I might  mention,  how- 
ever, that  some  work  along  this  line 
is  being  initiated  in  the  Department 
of  Labour. 

You  may  wonder  why  I have  spent 
some  time  talking  about  education 
as  an  investment,  and  the  problems 
of  measuring  the  return  on  that  in- 
vestment. I have  not  lost  my  way,  nor- 
digressed  to  an  irrelevant  matter.  I 
am  trying  to  underline  the  fact  that 
when  we  develop  facilities  to  produce 
engineers,  or  any  other  kind  of  highly 
trained  manpower,  we  are  allocating 
scarce  resources  which  can  be  used 
in  other  ways.  In  making  such  allo- 
cations, therefore,  we  need  to  consider 
whether  an  expenditure  of  say  $25 
million  on  engineering  education 
might  not  yield  a greater  return  if 
put  into  the  education  and  training 
of  technicians,  or  of  scientists,  el- 
even of  economists.  It  is  not  enough 
here  to  rely  on  opinion;  opinions  are 
cheap.  We  need  to  know  the  needs  of 
our  economy  when,  as  the  saying  goes, 
people  have  to  put  their  money  where 
their  mouth  is,  and  when  their  eco- 
nomic survival  depends  on  how  they 
spend  their  money. 

So  far  I have  been  talking  about 
trends  in  engineering  manpower  re- 
quirements, and  indicating  one  of  the 
ways  in  w'hich  we  can,  from  an  eco- 
nomic point  of  view',  make  a judgment 
about  w'hether  we  are  producing  too 
many  or  not  enough  engineers  in 
relation  to  the  real  needs  of  the  eco- 
nomy. My  analysis  of  requirements 
suggested  that  an  important  change 
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has  taken  place  over  the  last  decade 
in  the  nature  of  the  economy’s  needs 
for  engineering  manpower,  and  that 
this  change  was  primarily  the  result 
of  the  growing  importance  of  technol- 
ogy in  economic  development  and 
progress.  My  remarks  about  invest- 
ment in  education,  and  in  engineering 
education  in  particular,  indicated  a 
need  for  some  critical  analysis  in  terms 
of  the  returns  which  the  economy  is 
offering  for  this  investment  in  relation 
to  other  kinds  of  alternative  uses. 

I would  now  like  to  approach  the 
question  of  the  adequacy  of  our  cur- 
rent engineering  manpower  resources 
from  another  direction,  by  examining 
how  engineers  are  being  utilized  in 
this  country.  To  do  this  it  will  be 
helpful,  I think,  to  compare  the  kind 
of  work  being  done  by  engineers  in 
Canada  with  that  carried  out  by  simi- 
lar personnel  in  the  United  States.  In 
doing  this,  I will  rely  on  data  pro- 
duced by  our  respective  Departments 
of  Labour,  and  such  data  will  refer 
only  to  engineers  employed  in  in- 
dustry— engineering  employment  in 
government  and  educational  institu- 
tions will  be  excluded.  The  data  used 
for  Canada  refer  to  1959,  while  those 
for  the  United  States  apply  to  1960. 

In  Canada,  about  6%  of  all  our 
engineers  in  industry  were  employed 
in  1959  primarily  on  research  and 
development  activities;  the  compar- 
able figure  for  the  United  States  in 
1960  was  29%.  In  Canada,  47%  of  our 
engineers  were  engaged  on  produc- 
tion and  directly  related  kinds  of 
work;  the  percentage  in  this  type  of 
work  in  the  United  States  was  41. 
In  Canada,  28%  of  our  engineers  were 
perfonning  administrative  and  man- 
agerial functions,  while  in  the  United 
States  the  comparable  figure  was  14%. 
There  is  a residual  group  of  17%  in 
Canada,  and  15%  in  the  United  States, 
who  were  performing  a range  of  other 
functions  including  selling,  instruct- 
ing, and  a variety  of  financial,  per- 
sonnel, and  related  activities. 

Now  these  figures,  of  course,  are 
subject  to  all  the  specific  incompara- 
bilities one  must  expect  when  using 
data  from  different  sources,  but  they 
undoubtedly  reflect  the  main  features 
of  the  picture  in  the  two  countries. 
They  show  a very  different  situation 
in  the  kinds  of  work  being  done  by 
engineers  in  Canada  as  compared 
with  the  United  States,  and  this  in 
turn  reflects  basic  differences  in  the 
needs  being  generated  by  the  two 
economies  for  engineers.  It  is  import- 
ant to  emphasize  these  differences 
because  we  frequently  have  the  un- 
folding picture  of  engineering  man- 
power needs  in  the  United  States 
translated  to  this  country  and  used 


as  a basis  for  suggestions  as  to  how 
many  and  what  kinds  of  engineers 
we  should  be  producing.  In  part,  I am 
convinced,  it  is  this  kind  of  analysis 
which  until  recently  led  to  the  serious 
lack  of  balance  in  our  educational 
investment  as  between  facilities  to 
produce  engineers  and  those  needed 
to  turn  out  technicians.  This  imbal- 
ance is  now  being  rectified. 

I would  now  like  to  use  the  preced- 
ing analysis  as  a basis  for  some  con- 
cluding observations.  The  emerging 
needs  for  engineering  manpower  in 
this  country  today  are  more  directly 
related  to  technological  developments 
in  industry  than  has  ever  been  the 
case  before,  and  in  future  this  link 
will  become  an  even  closer  one.  Re- 
search and  development  activities  in 
industry  and  related  highly  technical 
work  are,  in  fact,  going  to  determine 
to  a significant  degree  our  economic 
future.  In  the  face  of  this  trend,  we 
find  that  the  vast  majority  of  engi- 
neers now  being  produced  in  this 
country  are  still  entering  the  work 
world  with  only  an  undergraduate 
engineering  degree.  In  1961,  for  ex- 
ample, out  of  every  100  undergradua- 
ate  and  postgraduate  degrees  obtained 
in  the  engineering  field  in  Canadian 
universities,  less  than  one  was  at  the 
doctoral  level.  Apart  from  the  new 
supply  of  engineers,  we  are  well  into 
this  new  trend  with  the  vast  majority 
of  engineers  already  employed  having 
no  more  than  an  undergraduate  edu- 
cation and  with  practically  no  facili- 
ties whereby  such  people  can  raise 
their  basic  academic  qualifications. 

The  emerging  requirement  for  a 
more  highly  trained  kind  of  engineer 
is  already  posing  a real  problem  for 
Canada.  Postgraduate  training  is  ex- 
pensive and  we  cannot  expect  to  de- 
velop facilities  at  this  level  which  can 
produce  all  kinds  of  highly  trained 
manpower.  We  will  need  to  make 
some  difficult  choices,  and  these  will 
have  to  be  based  on  coldly  realistic 
appraisal  of  the  kinds  of  postgradu- 
ate training  which  are  most  suitable 
to  our  requirements. 

Many  of  the  engineers  engaged  on 
production  and  related  tasks  in  this 
country  are  undoubtedly  doing  sub- 
professional work.  This  has  not  been 
too  serious  a matter  in  the  past  when 
technicians  and  related  kinds  of 
workers  were  in  searce  supply.  In 
future,  however,  we  will  be  turning 
out  such  supporting  personnel  in  in- 
creasing numbers  and  employers  will 
find  it  cheaper  and  more  productive 
to  use  them  for  that  kind  of  work. 
This  is  going  to  require  some  difficult 
adjustments  for  those  engineers  now 
under-employed  in  technician  jobs. 
They  will  find  newly  trained  techni- 


cians being  preferred  by  employers,  | 
and  at  the  same  time  probably  dis-  i 
cover  that  their  teehnical  qualifica-  ! 
tions  leave  something  to  be  desired  J 
in  relation  to  the  growing  kinds  of 
professional  engineering  jobs.  Here  is 
a situation  fraught  with  economic  and 
social  difficulties. 

Another  possible  future  problem  i 
concerns  those  engineers  now  en- 
gaged in  work  which  is  largely  of  an  ; 
administrative  nature.  We  may  find 
to  an  increasing  degree  that  other  ! 
types  of  higher  education  (business  i 
administration,  economics,  manage-  ! 
ment  education  on  top  of  a liberal  j 
arts  course)  create  a product  which  i 
is  more  useful  and  less  costly  for 
employers  in  relation  to  administra-  . 
tive  and  management  jobs. 

Business  management  today  de-  1 
pends  to  an  increasing  degree  on  the  \ 
efficient  use  not  only  of  technology  | 
but  also  of  manpower  and  financial  | 
resources,  as  well  as  the  latest  organ-  i 
izational  techniques  and  a myriad  of 
promotional  and  public  relations  tools. 

To  a considerable  degree,  when  en-  j ■ 
gineers  are  employed  in  these  kinds  j 
of  jobs  they  are  being  employed  as 
bright  people  with  considerable  gen- 
eral potential.  It  may  well  be  that 
the  return  on  the  higher  educational 
investment  involved  is  increased  when  1 
bright  people  with  potential  are  pro- 
duced from  a range  of  other  univers-  i 
ity  courses  than  engineering.  | 

In  summary,  my  analysis  suggests  ; 
that  there  are  some  difficult  prob-  i 

lems  ahead  for  engineers  in  the  light  | 

of  the  kind  of  economic  development  i 
we  are  already  experiencing  and  will  ' 
likely  continue  to  see.  Technically,  | 
engineers  will  need  to  be  more  highly 
educated  than  at  present.  Many  now 
employed  in  non-technical  jobs,  or  in  ' 
positions  where  new  kinds  of  special- 
ized education  may  become  more 
appropriate,  will  find  themselves  in 
a competitive  situation  in  which  they 
are  at  a disadvantage.  For  technician 
jobs,  engineers  cannot  really  compete 
with  those  who  have  been  trained  ' 
more  directly  for  such  work;  the 
engineer  is  too  expensive.  Business 
management,  personnel,  financial  and 
promotional  specialists,  providing  they 
are  bright  people  with  potential,  will 
in  many  cases  be  more  suitable  for 
management  jobs  than  engineers. 

These  developments,  if  my  specu- 
lations are  near  the  mark  at  all,  will 
change  the  engineering  profession 
considerably  as  well  as  the  sort  of 
educational  facilities  being  developed 
to  produce  engineers.  Attention  is 
already  being  given  to  these  prob- 
lems by  some  people,  but  a much 
more  realistic  and  serious  considera- 
tion is  necessary. 
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The  Production  and  Use  of  an  Animated  Film 


FOR  TEACHING  KINEMATICS 


IN  MANY  areas  of  engineering  signifi- 
cant extensions  of  knowledge  have 
occurred  during  the  past  decade.  These 
pose  a problem  for  the  teacher  of 
engineering;  viz.,  how  to  get  the  student 
to  absorb  more  material  in  the  allotted 
time.  One  solution  to  the  problem  is  to 
use  more  effective  visual  aids,  which 
give  the  student  such  a clear  conception 
of  the  elementary  principles  that  he 
can  progress  to  the  advanced  work  more 
rapidly. 

In  the  general  field  of  kinematics  of 
mechanisms,  visual  aids  are  particularly 
useful.  These  aids  usually  fall  into  two 
categories;  actual  models  of  mechanisms 
and  line  drawings.  The  models  serve  to 
introduce  the  student  to  the  motion  of 
simple,  basic  mechanisms  such  as  gears, 
cams,  and  linkages.  For  students  with  a 
limited  previous  exposure  to  mechan- 
isms, these  operating  models  are  very 
instructive.  The  so-called  “kinematic” 
line  drawings  are  widely  used  in  the 
design  and  analysis  of  mechanisms.  A 
sketch  of  a mechanism  and  its  equivalent 
kinematic  line  drawing  are  shown  in 
Fig.  1.  In  the  kinematic  line  drawing  the 
individual  members  are  replaced  by 
lines  representing  their  kinematic 
equivalent. 

The  model  is  used  mainly  to  show  the 
method  of  operation  and  relationship 
between  the  members  of  a mechanism. 


Fig.  1.  (a)  Sketch  of  a Four-Bar 
Mechanism 


(a) 


G.  F.  Pearce,  m.e.i.c., 
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The  quantitative  determination  of  dis- 
placement, velocity  and  acceleration 
values  are  determined  by  various 
methods  from  an  analysis  based  on  the 
kinematic  line  drawing.  The  usual 
graphical  procedures  result  in  values  of 
pertinent  velocities  and  accelerations 
for  one  particular  position  or  phase  of 
the  mechanism.  At  this  stage,  the  stu- 
dent is  cautioned  that  these  values  are  a 
function  of  the  phase  of  the  mechanism 
and  will  vary  throughout  the  operating 
cycle.  This  can  be  verified  from  an  ob- 
servation of  the  model,  if  available,  but 
only  in  a qualitative  manner.  For  a 
quantitative  verification,  it  is  necessary 
to  repeat  the  graphical  procedure  at 
several  different  positions  of  the  mechan- 
ism. This  is  a tedious  procedure  and  it  is 
felt  that  the  student  would  be  better 
employed  in  more  advanced  work  on 
mechanisms  if  the  concept  of  phase 
dependency  could  be  brought  home  more 
vividly.  It  is  necessary  that  he  retain 
this  awareness  wdthout  having  to  spend 
a great  deal  of  time  in  analysing  some 
particular  mechanism  at  many  different 
phase  positions.  This  is  the  basis  for  the 
need  of  a more  effective  visual  aid  in 
teaching  velocity  and  acceleration  re- 
lationships in  mechanisms.  The  ani- 
mated film  appears  to  supply  an  answer 
to  this  need. 

A four-bar  linkage  was  chosen  as  the 


(b)  Equivalent  Kinematic  Drawing 


(b) 


particular  mechanism  to  animate.  This 
mechanism  is  basic  in  the  study  of  kine- 
matics, it  is  widely  used  for  purposes  of 
illustration  in  textbooks,  and  it  is  easily 
drawn.  In  order  to  explain  how  an  ani- 
mated film  was  used  to  illustrate  the 
velocity  and  acceleration  in  such  a 
mechanism,  it  will  be  necessary  to  out- 
line the  graphical  method  of  determin- 
ing these  quantities.  This  method, 
explained  in  most  texts  on  kinematics  of 
machines,  is  usually  called  the  vector 
polygon  or  image  method.  As  illustrated 
in  Fig.  2,  a polygon  (in  this  case  a 
triangle)  can  be  drawn  to  represent  the 
velocities  of  pertinent  points  in  the 
mechanism.  O'  is  called  the  origin  or 
pole  point,  O'P'  is  a vector  representing 
the  velocity  of  P.  The  magnitude  of 
O'P'  is  calculated  from  the  basic  re- 
lationship, V = Rtc,  and  its  direction  is 
perpendicular  to  OiP.  The  line  O'Q'  is 
a vector  representing  the  velocity  of  Q 
and  line  P'Q'  represents  the  relative  vel- 
ocity of  Q with  respect  to  P.  In  a similar 
manner  the  acceleration  polygon  of  Fig.  3 
can  be  drawn.  The  magnitude  of  0"P", 
the  normal  acceleration  of  P,  can  be  cal- 
culated from  the  known  input  conditions 
and  the  direction  is  along  POi.  The 
magnitude  of  the  normal  acceleration  of 
Q can  be  calculated  from  information 
from  the  velocity  diagram  and  the 
direction  is  along  Q02.  Similarly  the 
relative  normal  acceleration  of  Q with 
respect  to  P can  be  calculated  from 
data  from  the  velocity  diagram  and  its 
direction  is  along  QP.  The  remaining 
tangential  accelerations  are  determined 
from  the  graphical  construction  re- 
quired to  close  the  acceleration  polygon. 

The  velocity  and  acceleration  vector 
polygons  show  the  magnitude  and  direc- 
tion of  these  characteristics  only  for  the 
particular  phase  position  of  the  linkage 
shown.  For  any  other  position,  these 
polygons  change  shape  because  they  are, 
in  part,  dependent  on  the  inclination  of 
the  links  of  the  mechanism.  This  change 
in  \’elocity  and  acceleration  can  be  seen 
if  a scries  of  polygons  at  various  phase 
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(b) 

Fig.  2.  (a)  Velocities  in  a Four-Bar 
Mechanism 
(b)  Velocity  Polygon 

angles  are  constructed.  When  this  series 
of  drawings  each  showing  the  phase 
position  or  displacement,  the  velocity 
polygon,  and  the  acceleration  polygon, 
are  viewed  in  proper  sequence,  the  re- 
lationships are  impressed  on  the  student. 
The  animated  film  is  a method  of  pre- 
senting a succession  of  such  drawings. 

Film  Production 

An  animated  film  consists  of  a large 
number  of  individual  images  which, 


Fig.  3.  (a)  Accelerations  in  a 
Four-Bar  Mechanism 

(b)  Acceleration  Polygon 


when  projected  on  a screen,  provide  an 
illusion  of  movement  due  to  the  phe- 
nomenon of  persistence  of  vision.  The 
individual  images — called  frames — are 
projected  at  a rate  of  16  per  second  for 
silent  films  and  24  per  second  for  sound 
films.  The  basic  production  process  for 
an  animated  film  is  then  simpl3''  to  pro- 
duce the  required  drawings  and  photo- 
graph them  one  bj^  one  in  proper  se- 
quence. A strip  of  16  mm  film  (enlarged) 
is  shown  in  Fig.  4. 

To  obtain  the  proper  sequence  of 
drawings  and  suitable  timing  of  the 
action  so  that  it  appears  neither  too  fast 
nor  too  slow  it  is  necessary  to  have  some 
plan  of  production  which  is  called  a 
script.  The  script — usually  illustrated 
with  sketches — describes  the  action  in 
broad  terms.  An  example  of  the  script 


Scene  fjo  . 


O « s c f i pi"!'©  n «Screfn 


6 


/5 


•seçr. 


7 -c  Y,f.  r 

itnr 

H p./r  ° 


Ô pf  '"/■  F 

/So  ai- 2 /O  S<’C5, 

Use  c/,sp/.  Je-fs. 

cn</  rffpeoi 

Fig.  5.  Excerpt  from  Suggested 
Script 


Fig.  4.  Sample  Strip  from 
Animated  Film 


sert  with  a low  power  lamp  underneath 
so  that  several  drawings  can  be  viewed 
at  one  time  to  check  the  relative  motion 
between  them.  Three-hole  punched, 
plain,  medium  quality  paper  was  found 
satisfactory  for  the  drawings. 

The  number  of  frames  required  for 
each  scene  is  determined  by  multipl3''ing 
the  desired  viewing  time  in  seconds  by 
16  for  silent  film  or  24  for  sound  film. 
The  number  of  drawings  required  de- 
pends on  the  particular  animation.  For 
example,  when  an  explanation  is  being 
made,  one  appropriate  drawing  is  photo- 
graphed repeatedly  while  the  narrator 
speaks.  On  the  other  hand,  a separate 
drawing  is  required  for  each  frame  when 
animation  is  in  progress.  In  this  par- 
ticular film  it  was  decided  that  if  the 
displacement  drawings  were  made  at  2° 
intervals  of  the  driving  crank,  OP,  a 


Fig.  6.  Details  of  Scene  7 


suggested  for  this  film  is  shown  in  Fig.  5. 
A more  detailed  script  is  then  made  out 
for  each  scene.  An  example  of  the  script 
for  a scene  is  shown  in  Fig.  6. 

The  actual  production  of  the  drawings 
is  the  next  step.  As  there  are  a large 
number  of  individual  drawings  it  is 
advisable  to  number  each  one  with  some 
sort  of  code  so  that  it  can  be  identified 
with  a scene  and  its  sequence  in  that 
scene.  Since  the  drawings  will  be  photo- 
graphed in  succession,  each  drawing 
must  have  a datum  line  which  is  fixed 
and  is  in  exactly  the  same  position  on 
every  drawing.  If  this  is  not  done,  it  is 
obvious  that  the  drawings  will  have  some 
erratic  relative  motion  which  is  not  in- 
tended, when  viewed. 

In  other  words,  the  drawings  must  be 
in  correct  register,  one  with  another.  A 
means  of  achieving  this  is  to  use  an 
animation  desk  which  is  fitted  with 
register  pegs.  Such  a desk  is  illustrated  in 
Fig.  7.  The  desk  has  a ground  glass  in- 
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Fig.  7.  Animation  Desk 


suitable  viewing  time  would  be  obtained. 

At  2°  intervals,  one  rotation  or  cycle 
of  the  mechanism  would  require  the  con- 
struction of  180  separate  displacement, 
velocity  and  acceleration  diagrams.  The 
construction  of  the  displacement  draw- 
ings was  straightforward.  The  velocity 
polygons  were  relatively  easily  obtained 
by  graphical  methods.  The  acceleration 
polygon  on  the  other  hand  required 
several  measurements  and  calculations 
for  each  drawing.  As  this  was  considered 
too  time-consuming  and  liable  to  error, 
it  was  decided  to  use  a digital  computer 
to  calculate  the  accelerations. 

An  analytical  solution  for  relative 
velocities  and  accelerations  has  been 
developed  by  G.  H.  Martin  and  M.  F. 
Spottsh  For  the  notation  shown  in  Fig. 
8,  the  following  expressions  are  given: 


A computer  program  was  made  to 
solve  the  above  equations  and  then  per- 
form simple  multiplication  to  give  the 
following  accelerations: 

aI 

Ay  = i\e.\ 

Aqp  = r-id’i 
Aqp  = T'idw 

The  data  supplied  to  the  computer 


was  r2  = 1,  rs  = 1.75,  r4  = 1.5  and 
02  = 1.  In  addition,  values  of  02,  03  and 
04  were  supplied  at  2°  intervals  as 
measured  on  the  displacement  drawings. 
As  a digital  computer  can  turn  out  in- 
correct answers  at  a great  rate,  it  is 
necessarj-  to  check  sample  values  by 
some  independent  method  such  as  the 
standard  graphical  procedure. 

After  the  production  of  the  required 
drawings,  each  drawing  must  be  photo- 
graphed in  proper  sequence.  The  ar- 
rangement of  lights,  camera,  and  drawl- 
ing is  shown  in  Fig.  9.  The  same  ani- 
mation desk  is  fastened  rigidly  to  a 
frame  which  also  supports  the  camera. 
Each  drawing  is  placed  in  turn  over  the 
holes  on  the  registration  pins  and  photo- 
graphed using  the  single  frame  exposure 
setting  of  the  camera.  Proper  lighting  is 


a matter  of  experimentation.  For  th" 
arrangement  shown,  the  following  set- 
tings produced  satisfactory  results: 

Lens  setting:  f 16;  Lens  to  drawing 
distance:  25)^  in.;  Lights:  No.  2 Photo- 
floods — one  on  each  side;  Light  to  draw- 
ing distance:  22  in.;  Film:  Kodachrome 
Ty])e  A. 

Usually  some  editing  of  the  film  as 
returned  from  the  lu'ocessor  is  necessary. 
Errors  in  timing  can  be  rectified  I\v 
cutting  out  unwanted  sections  or  by 
repliotographing  certain  seciuences. 


Fig.  8.  Notation  for  Mathematical 
Expressions 


This  completes  the  description  of  the 
actual  production  of  the  film.  The  ex- 
planation of  the  operations  is  given  in 
some  detail  so  that  those  interested  in 
the  production  of  similar  films  may  have 
an  idea  of  the  work  involved.  For  this 
particular  film  some  828  separate  tlraw- 
ings  w'ere  made.  This  figure  may  appear 
high  but  it  should  be  remembered  that 
many  drawings  contained  only  three 
straight  lines  and  all  were  very  similar. 

The  film  has  been  used  during  the 
course  on  kinematics  at  the  Universitj^ 
of  Waterloo.  No  statistical  proof  of  its 
effectiveness  is  available,  how^ever,  stu- 
dent reaction  has  confirmed  the  author’s 
opinion  that  the  relationships  intended 
were  vividly  portrayed.  It  appears  that 
the  basic  concept  has  been  firmly  im- 
pressed on  the  students.  It  is  considered 
therefore,  that  this  is  an  effective  visual 
aid.  It  is  suggested  that  the  same  tech- 
nique could  be  applied  in  other  areas  of 
engineering  education. 
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Fig.  9.  Camera  Stand 
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This  paper  is  a case  record 
describing  the  bearing  capacity 
failure  of  a farm  silo  near  New 
Liskeard,  Ont.  The  silo  failed  sud- 
denly in  July,  1961,  the  day  following 
its  first  filling  to  capacity.  The  failure 
of  this  silo,  which  was  founded  on  a 
considerable  depth  of  normally  con- 
solidated varved  clay,  provided  an 
opportunity  to  assess  the  applicability 
of  bearing  capacity  theories  to  a 
highly  stratified  clay. 

In  September,  1961,  a field  investi- 
gation was  carried  out  in  which  the 
undisturbed  strength  of  the  clay  was 
measured  with  a field  vane  apparatus 
and  samples  taken  with  a thin-walled 
tube  piston  sampler  for  laboratory 
strength  determinations.  The  results 
of  the  site  investigation  are  presented 


and  discussed  with  regard  to  the 
required  bearing  capacity. 

The  Structure 

The  cylindrical  silo  was  constructed 
of  precast  concrete  staves  with  a 
sheet  aluminum  dome  roof.  The  staves 
were  retained  by  steel  tension  hoops 
placed  around  the  outside.  The  silo 
measured  20  ft.  inside  diameter  by 
50  ft.  high  and  was  founded  on  a 
concrete  ring  22  ft.  outside  diameter 
by  18  ft.  inside  diameter.  The  ring 
extended  from  1 ft.  above  grade  to 
4 ft.  below  grade.  At  grade  level,  four 
clay  tiles  passed  through  the  concrete 
ring  to  drain  off  the  excess  silage 
juices.  The  foundation  was  a rough 
casting  that  provided  good  adhesion 
between  the  soil  and  the  concrete. 
The  soil  retained  by  the  concrete  ring 
was  left  undisturbed. 


The  silo  was  located  in  the  corner 
of  a barnyard  about  30  ft.  from  the 
corner  of  the  barn.  In  preparation  for 
paving  the  yard,  about  1 ft.  of  soil 
had  been  removed  from  one  side  of 
the  silo.  This  slight  excavation  ex- 
tended from  the  barn  to  within  3 ft. 
of  the  silo. 

The  Failure 

The  silo  was  filled  with  grass  silage 
from  July  15  until  July  23  at  a vari- 
able rate  due  to  poor  harvest  weather. 
It  is  believed  that  a significant  portion 
of  the  full  capacity  load  was  applied 
on  July  23.  On  the  morning  of  July 
24,  one  of  the  farm  hands  thought 
he  noticed  a slight  tilt  to  the  silo  but 
not  enough  to  be  positive.  By  early 
afternoon  the  tilt  was  quite  pro- 
nounced and  it  was  decided  to  move 
the  silage  blower  to  safety  from  its 


Fig.  1 (a)  General  view  of  collapsed  silo. 
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The  consolidation  tests  show  the  clay 
to  be  almost  normally  consolidated. 
The  results  of  field  vane  tests  are 
shown  as  solid  lines  in  Fig.  3;  the 
results  of  undrained  laboratory  tests 
are  shown  as  points,  each  point  repre- 
senting a single  test.  The  undrained 
triaxial  tests  were  conducted  at  lateral 
pressures  equal  to  the  effective  over- 
burden stress.  It  can  be  seen  that  the 
laboratory  strength  tests  are  on  the 
average  lower  than  the  field  vane 
tests.  The  average  of  all  the  undrained 
laboratory  strength  results  between  6 
and  20  ft.  gives  a strength  of  235  p.s.f. 
If  the  maximum  value  from  each  tube 
is  averaged,  a value  of  295  p.s.f.  is 
obtained.  The  average  strength  yielded 
by  the  field  vane  over  the  same  ranges 
in  depth  in  the  two  borings  was  325 
p.s.f. 


Fig.  1 (b)  Attitude  of  the  silo  base  after  failure. 


position  beside  the  silo.  Before  the 
blower  could  be  pulled  clear  however, 
failure  of  the  silo  occurred.  As  it 
failed,  the  silo  structure  broke.  Fig. 
1(a)  shows  the  failed  structure.  To 
salvage  as  much  of  the  silage  as  pos- 
sible, tarpaulins  were  placed  over  the 
silo  to  protect  the  fodder.  Fig.  1(b) 
shows  the  attitude  of  the  foundation 
ring  after  failure. 

Prior  to  the  failure,  it  had  been 
noted  that  the  drain  tiles  did  not 
function;  the  silage  juices  seeped 
under  the  foundation  ring  and  bub- 
bled up  to  the  surface  near  the  foun- 
dation. 

Fig.  2 shows  the  final  position  of 
the  foundation  ring.  The  failure 
occurred  in  the  direction  of  the  shal- 
low excavation  in  the  barnyard. 

Soil  Conditions 

The  silo  was  located  approximately 
four  miles  north  of  the  town  of  New 
Liskeard  which  is  situated  at  the 
north  end  of  Lake  Timiskaming  in 
northeastern  Ontario.  This  area  is 
located  in  the  “little  clay  belt’V  a 
clay  plain  formed  after  the  retreat  of 
glacial  lake  Barlow.  The  chief  de- 
posits of  the  little  clay  belt  are  nor- 
mally consolidated  and  slightly  over- 
consolidated varved  clays.  The  surface 
elevation  at  the  silo  is  724  ft.,  about 
140  ft.  above  the  level  of  Lake 
Timiskaming.  It  is  believed  that  the 
silo  was  situated  near  the  top  of  the 
little  clay  belt  deposits. 

Two  borings  were  made  about  12 
ft.  from  the  foundation  outside  the 
failure  zone.  In  one,  vane  tests  were 
conducted  from  the  4 ft.  level  to  a 
depth  of  46  ft.  The  apparatus  used 
was  the  “Geonor”  vane,  110  mm.  x 


55  mm.  as  described  by  Andersen  and 
Bjerrum.2  In  an  adjacent  hole,  thin- 
walled  tube  piston  samples  were 
taken  from  depths  of  3 to  30  ft.  for 
laboratory  tests.  An  additional  vane 
boring  was  made  in  an  undisturbed 
area  approximately  100  ft.  from  the 
silo. 

The  results  of  the  field  and  labora- 
tory tests  are  presented  in  summary 
form  in  Fig.  3.  The  soil  conditions 
consisted  of  normally  consolidated 
varved  clays  to  a depth  of  more  than 
46  ft.,  with  a weathered  crust  from 
the  surface  to  a depth  of  about  5 ft. 
Below  5 ft.,  to  about  22  ft.,  the  clay 
was  very  soft  and  sensitive.  The  soil 
strata  consisted  of  very  thin  light  lay- 
ers between  thicker  dark  layers.  The 
dark  layers  averaged  about  I2  in.  thick. 
Below  22  ft.,  the  varves  were  much 
more  distinct  with  layers  of  approxi- 
mately equal  thickness.  Classification 
tests  made  on  separated  layers  of  the 
lower  clay  are  presented  in  Fig.  3. 


Analysis  of  the  Failure 

To  conduct  the  analysis  of  the 
failure,  three  factors  must  be  deter- 
mined: the  physical  dimensions  of  the 
structure,  the  load,  and  the  shear 
strength  of  the  soil.  Only  the  physical 
dimensions  can  be  determined  accur- 
ately. It  is  necessary  to  estimate  the 
load,  and  there  is  also  some  question 
whether  vane  and  laboratory  strength 
determinations  on  varved  clay  are 
reliable. 

The  load  is  made  up  of  the  weight 
of  the  silo  structure,  the  weight  of  the 
contents,  the  weight  of  the  foundation 
ring  and  the  weight  of  soil  retained 
in  the  ring.  Using  the  dimensions  of 
the  silo,  the  weight  of  the  structure 
was  calculated  to  be  50  tons — a figure 
subsequently  confirmed  by  the  silo 
manufacturer.  The  foundation  ring 
weighed  approximately  47  tons  and 
the  soil  retained  in  the  ring  at  100 
pcf  was  about  50  tons.  The  weight 
of  the  contents  is  less  certain.  The 
farmer  estimated  it  to  be  400  tons 
based  on  the  yield  per  acre  of  forage 
crop.  The  manufacturer  lists  a capac- 


Fig.  2 Details  of  the  silo  base  after  failure. 
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Fig.  3 Boring  log  and  summary  of  test  results. 


ity  of  450  tons  of  grass  silage  at  65% 
moisture  content  and  389  tons  of 
corn  silage  at  69%  moisture  content. 
Gray3  presents  graphically  the  mea- 
sured densities  of  corn  silage  and 
these  measurements  have  been  sub- 
stantially confirmed  in  subsequent 
studies  by  Otis  and  Pomroy.^  Using 
the  density-depth  relationships  given 
by  Gray^  the  weight  of  the  silage  was 
estimated  to  be  393  tons.  Hence  the 
total  weight  of  the  contents,  structure, 
and  soil  retained  in  the  foundation 
ring  was  estimated  to  be  550  ± 50 
tons. 

It  has  been  the  experience  of  the 
authors  and  has  been  confirmed  by 
the  test  results,  that  field  vane 
strengths  are  slightly  higher  than 
laboratory  determinations.  For  bear- 
ing capacity  computations  the  field 
vane  strengths  were  used.  Using 
Skempton’s  rule,®  the  shear  strengths 
were  averaged  between  the  bottom 
of  the  foundation  and  a depth  below 
the  foundation  equal  to  two  thirds  of 
its  diameter,  that  is,  4 to  20  ft.  In- 
cluding the  boring  100  ft.  away,  there 
were  26  strength  measurements  in  this 
zone  giving  an  arithmetic  average 
strength  of  325  p.s.f. 

To  apply  the  various  bearing  capac- 
ity formulae,  it  was  decided  to  con- 
sider the  foundation  to  be  equivalent 
to  a circular  bearing  area  4 ft.  below 
the  surface.  The  soil  inside  the  foun- 


dation ring  above  4 ft.  was  considered 
inert  and  contiibuted  to  the  total 
load  of  550  ± 50  tons. 

Four  methods  of  analysis  were  tried 
and  are  summarized  in  Table  I.  The 
factor  of  safety,  F,  listed  is  the  ratio 
of  the  bearing  capacity  calculated 
from  the  shear  strength  to  the  esti- 
mated average  bearing  pressure. 
Table  II  lists  the  safety  factors  calcu- 
lated using  the  average  laboratory 
shear  strength,  and  the  average  maxi- 
mum laboratory  shear  strengths  in  one 
case. 

The  four  methods  of  analysis  were: 

1)  Skempton® 

2)  a modification  to  the  above  for- 
mula following  the  procedure  of 
Skempton® 

3)  the  formula  suggested  by  Meyer- 
hof^ 

4)  the  Fellenius  circular  arc  method 
as  described  by  Wilson.® 

(1)  Skemptons  Method 

For  rapid  loading  on  clay,  Skemp- 
ton®  has  proposed  the  following 
formula:  = c.N^  + p where 

c/n  is  the  ultimate  bearing  capacity, 
c is  the  average  undrained 
strength  of  the  clay, 

Ng  is  a factor  depending  on  the 
shape  of  the  foundation  and  its 
depth  of  embedment,  and 
p is  the  overburden  pressure  at 
foundation  level. 


For  this  case,  c was  taken  at  325 
p.s.f.  Ng  for  a 22  ft.  diameter  circular 
footing  4 ft.  below  the  surface  is  6.6. 
The  overburden  pressure,  p,  is  equal 
to  400  p.s.fi  q„  was  calculated  to  be 
2540  p.s.f.  For  the  three  load  condi- 
tions assumed,  500,  550,  and  600 
tons,  F,  the  safety  factor,  varied  from 
0.97  to  0.80. 

(2)  A Modification  to  Skemptons  Method 

Since  the  above  formula  does  not 

take  into  account  the  adhesion  be- 
tween the  soil  above  4 ft.  and  the 
rough  surface  of  the  foundation  ring, 
Skempton’s  formula  was  modified.  In 
an  earlier  work,  Skempton®  recog- 
nized the  adhesion  and  proposed  that 
the  bearing  capacity  be  increased  by 
a factor  (L/A) . c',  where  L is  the 
perimeter  area  of  the  footing  in  con- 
tact with  the  soil.  A is  the  area  of 
the  base  of  the  footing  and  c is  the 
adhesion  between  the  footing  and  the 
foundation.  Potyondy®  has  shown  that 
the  adhesion  between  soil  and  rough 
concrete  is  equal  to  the  strength  of 
the  soil,  in  this  case  500  p.s.f. 

The  modified  formula  becomes 
q'^  - c.N^  + p + (L/A)  .c 
and  gave  a bearing  capacity  of  2900 
p.s.f.  and  a range  in  F from  1. 10  to 
0.92. 

(3)  Meyerhofs  Method 

In  the  case  of  a buried  circular 
foundation  with  a rough  shaft  bearing 
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TABLE  I 

Factor  of  Safety,  for  F'our  Methods  of  Analysis 

F for  Total  Load  Assumptions 

Case  Formula  Used 

500  ton  550  ton  600  ton 


1.  Skempton  — = c . Nc  + p (ref.  5)  0.97  0.88  0.80 

c = Average  vane  shear  strength  between 
4 ft.  and  20  ft. 

Nc  = 6.6 
p = 400  p.s.f. 

(Adhesion  not  considered) 


2.  Modified  Skempton  (ref.  6)  1.10  1.00  0.92 

qC  = c . Nc  + p + {L/A)  . c’ 
c and  Nc  as  above 
L = perimeter  area  of  footing 
A = area  of  footing 
c'  = p.s.f. 

(Adhesion  considered) 


3.  Meyerhof  (ref.  7)  ^ 1.09  0.99  0.91 

Çr  — C , N cqr  4“ 

Ncqr  = 7.6  (rough  concrete — full  adhesion 
on  sides) 

c = average  vane  shear  strength  between 
4 ft.  and  20  ft. 

Kc  = 1 
7 = 100  pcf 

D = 4 ft. 


4.  Fellenius,  as  modified  by  Wilson  (ref.  8)  0.94  0.88  0.78 

Circular  arc  through  centre 
Adhesion  included 


on  a purely  cohesive  soil,  MeyerhoF 
proposes  the  formula: 

Or  ' — ^-^cgr  4“ 

v'here 

(/,.  = ultimate  bearing  capacity. 

c — average  shear  strength  = 

325  p.s.f. 

N^gr  — a factor  depending  on 
shape  of  the  foundation, 
the  depth  of  the  bearing 
surface  and  full  adhesion 
between  the  soil  and  the 
shaft  of  the  foundation  = 
7.6. 

Kg  = coefficient  of  earth  pres- 
sure between  the  soil  and 
the  shaft  taken  as  1. 

y = density  of  the  soil  above 
the  bearing  surface  = 100 
pcf. 

D = depth  of  the  foundation 
= 4 ft. 

Hence, 

Or  — 2870  p.s.f.  and  F varies 
between  1.09  and  0.91. 

(4)  The  Fellenius  Method 

The  Fellenius  method  is  based  on 
the  premise  that  failure  will  take  place 


on  a circular  arc.  Thus,  in  the  analysis, 
it  is  possible  to  take  into  account  vari- 
ations in  the  level  at  the  surface  of  the 
clay.  Wilson®  has  derived  a method 
of  locating  the  centre  of  the  most 
critical  surface  for  analysis  by  statics. 
Assumptions  made  were  that  only  3 
ft.  of  soil  were  above  the  foundation 
level  on  one  side,  and  that  the  soil 
above  the  foundation  level  had  a 
shear  strength  of  500  p.s.f.  The  aver- 
age shear  strength  below  4 ft.  was 
taken  as  325  p.s.f.  To  do  the  analysis, 
a slice  one  foot  wide  was  taken 
through  the  centre  of  the  silo.  Because 
the  failure  surface  has  three  dimen- 
sions, with  a larger  portion  in  the 
upper  crust  than  in  a two-dimensional 
slice  through  the  centre,  the  Fellenius 
method  can  be  expected  to  yield  a 
safety  factor  somewhat  low.  Using 
this  method,  safety  factors  of  0.94, 

0.88  and  0.78  were  obtained. 

Conclusions 

The  analysis  of  this  failure  has 
shown  that  there  is  reasonable  agree- 
ment between  the  bearing  capacity 
calculated  from  field  vane  strengths 


and  the  average  bearing  pressure  ap- 
plied by  the  structure.  If  the  theore- 
tical analysis  is  satisfactory  the  follow- 
ing implications  may  be  stated  as 
applying  to  soft  normally  consolidated 
varved  clay  with  a range  in  properties 
similar  to  this  site. 

1.  The  field  vane  test  will  yield 
reliable  undrained  strength  values  for 
design  purposes  in  medium  to  highly 
plastic  varved  clays.  Since  the  maxi- 
mum laboratory  strength  determina- 
tions are  slightly  lower  than  the  vane 
strengths,  the  maximum,  rather  than 
average  laboratory  strengths,  should 
be  used  in  design. 

2.  Since  Skempton’s  rule  of  using 
the  average  shear  strength  to  a depth 
below  the  footing  equal  to  two-thirds 
the  width  yielded  reasonable  agree- 
ment, the  average  vane  strength,  not 
the  minimum,  should  be  used  for 
design. 

3.  It  appears  that  the  strength  of 
the  fissured  crust  and  adhesion  be- 
tw^een  the  concrete  and  the  soil  de- 
serve consideration  in  design.  Hence, 
a bearing  capacity  formula  such  as 
Meyerhof’s,  which  takes  this  into  ac- 
count, should  be  used  for  design. 

This  paper  is  a contribution  from 
the  Division  of  Building  Research, 
National  Research  Council  and  is 
published  with  the  approval  of  the 
Director  of  the  Division. 
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TABLE  II 

Comparison  of  'Pesl  Methods  as  Applied  to  Meyerhof’s  Formula 

Factor  of  Safety 

Shear  Strength  p.s.f.  

500-ton  load  550-ton  load  600-ton  load 


Average  field  vane  sti'ongth  = 325  1.09  0.99  0.91 

Average  laboratory  strength  = 235  0.83  0.75  0.69 

Average  of  maximum  strengths 

per  sain])le  = 295  1.00  0.91  0.84 
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ENGINEERING  EDUCATION  IN  CANADA 


To  help  mark  the  75th  Anniversary  of  the  Engineering  Institute  of  Canada,  it  was 
decided  earlier  this  year  to  compile  histories  of  the  various  engineering  faculties 
in  Canadian  universities.  Each  university  or  institution  teaching  engineering  was  asked 
to  prepare  a brief  history  of  its  activities.  The  following,  therefore,  is  a representa- 
tive account  of  engineering  education  in  Canada. 


University 
of  British  Columbia 

In  1905,  Dr.  H.  M.  Tory  of  McGill  Uni- 
versity came  to  Vancouver  on  a mission  of 
higher  education.  In  May,  1906,  with  charac- 
teristic vigor,  he  reported  on  the  proposal 
to  expand  the  work  of  McGill  by  forming 
the  McGill  College  of  Education,  the  fore- 
runner of  the  University  of  British  Colum- 
bia. 

Dr.  Harry  Logan,  University  of  British 
Columbia  historian,  tells  of  a personal  ap- 
peal by  Dr.  Tory  to  Sir  William  McDonald, 
McGill’s  unfailing  benefactor,  to  ask  for 
donations  of  $5,000  per  year  for  three  years, 
the  amounts  necessary  to  maintain  the 
College.  The  required  legislation  was 
passed,  the  funds  were  received  in  1906, 
and  thus  McGill  University  College  of 
British  Columbia  was  horn. 

The  College  began  with  an  enrolment  of 
48  students  of  whom  15  were  in  the  first 
year  of  Applied  Science.  For  the  first  year 
work,  H.  K.  Dutcher  was  appointed  Pro- 
fessor of  Civil  Engineering  and  David  Blair 


was  employed  to  teach  Mechanical  Draw- 
ing. Further  appointments  were  made  as 
the  number  of  students  increased.  In  1914, 
Lawrence  Killam  was  appointed  Professor 
of  Mechanical  Engineering  and  E.  G. 
Matheson  as  Lecturer  in  Civil  Engineering. 

The  first  session  of  the  College  was  held 
in  unused  rooms  of  the  King  Edward  High 
School.  Afterward,  several  temporary  quar- 
ters were  found  for  the  College  until  two 
frame  buildings,  on  the  site  of  the  present 
Vancouver  General  Hospital,  were  built  and 
occupied  in  1912.  The  shop-work  by  Applied 
Science  was  done  in  a frame  building  east 
of  the  main  buildings,  now  affectionately 
spoken  of  by  UBC  graduates  as  the  “Fair- 
view  Shacks”. 

The  McGill  College  applied  science 
courses  stopped  at  second  year.  Students 
proceeding  toward  professional  degrees 
completed  their  training  at  McGill  or  other 
eastern  universities.  The  addition  of  third 
and  fourth  year  courses  failed  to  material- 
ize, partly  because  of  a strong  movement 
for  a Provincial  university,  which  con- 
tinued unabated  until,  in  1908,  “An  Act  to 
Establish  and  Incorporate  a University  for 
the  Province  of  British  Columbia”  was 
passed  by  the  McBride  Government.  The 
task  of  dealing  with  the  insistent  demands 
for  a Provincial  university  was  entrusted  to 


Dr.  H.  E.  Young,  Provincial  Secretary  and 
Minister  of  Education. 

The  Point  Grey  site,  present  location  of 
the  University,  was  chosen  in  1913  and  Dr. 
F.  F.  'Wesbrook,  Dean  of  the  Medical 
Faculty  of  the  University  of  Minnesota, 
was  appointed  President.  Clearing  operations 
began  at  the  site,  and  in  1914  work  was 
begun  on  the  Science  Building.  But  the  out- 
break of  the  First  World  War  put  a stop 
to  the  ambitious  plans  for  building  and  de- 
velopment at  Point  Grey.  In  1922  the  stu- 
dents, exasperated  by  the  lack  of  govern- 
ment action,  organized  the  “Great  Trek”. 
Finally,  in  1925,  classes  moved  to  the  Point 
Grey  site. 

Dr.  Wesbrook’s  recommendations  for  new 
members  of  staff  led  to  the  appointment  of 
several  prominent  educators,  including  Dr. 
R.  W.  Brock,  Dean  of  Applied  Science,  who 
occupied  this  post  with  distinction  until 
his  untimely  death  in  an  airplane  accident 
in  1935. 

Dean  J.  N.  Finlayson,  who  succeeded  Dr. 
Brock  in  1936,  carried  a heavy  burden  in 
dealing  with  the  bulge  in  student  enrol- 
ment, especially  after  World  War  11. 
Laboratories  and  classrooms  were  taxed  far 
beyond  their  normal  capacity  until  in  1950, 
when  the  peak  enrolment  had  passed,  the 
new  Engineering  building  was  ready  for 


The  University  of  British  Columbia  Campus,  1961. 
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Queen’s  University,  Ellis  Hall  houses  the  Department  of  Civil  Engineering  and 
Library.  The  University  observatory  and  the  computing  centre  are  located  in  this 
building. 


use  to  give  some  relief  from  makeshift  ac- 
commodation. Dean  Finlayson  served  as 
President  of  the  Engineering  Institute  in 
1948.  Upon  his  retirement  as  Dean  in  1950, 
he  was  awarded  the  honorary  degree  of 
Doctor  of  Science. 

His  successor  was  Dr.  Hector  J.  Mac- 
Leod, Head  of  the  Department  of  Electrical 
and  Mechanical  Engineering.  Dr.  MacLeod, 
a World  War  I veteran,  rendered  valuable 
World  War  II  service  with  the  National 
Research  Council  on  problems  of  the  Navy 
concerned  with  mines,  torpédos,  and  de- 
gaussing of  ships.  For  his  war  research, 
he  was  awarded  the  O.B.E. 

In  1953,  Dr.  Henry  C.  Gunning,  one  of 
Dean  Brock's  outstanding  students  of  the 
class  of  1923,  succeeded  Dr.  MacLeod. 
During  51/i  years  he  forged  strong  links 
between  the  Engineering  Faculty  and  many 
national  and  international  organizations.  He 
served  as  President  of  the  B.C.  Association 
of  Professional  Engineers,  President  of  the 
Geological  Institute  of  Canada,  Chairman  of 
the  B.C.  Section  of  the  Canadian  Institute 
of  Mining  and  Metallurgy,  and  a number 
of  other  organizations.  In  1959,  Dr.  Gun- 
ning left  the  University  to  accept  a position 
as  consulting  geologist  to  the  Anglo-Ameri- 
can Corporation  in  Africa. 

The  present  dean  is  Dr.  David  M.  Myers, 
distinguished  educator,  formerly  Head  of 
the  Electrical  Engineering  Department  of 
the  University  of  Sydney,  Australia.  Dean 
Myers,  whose  principal  research  interest  is 
computer  science,  has  received  strong  sup- 
port by  his  colleagues  in  his  efforts  to 
promote  a vigorous  expansion  of  research 
in  all  engineering  departments. 

Growth  trends  at  U.B.C.  are  indicated 
by  student  enrolment  showing  that  in  1917- 
18  the  total  attendance  was  416  students, 
of  whom  38  were  in  Applied  Science.  Peak 
enrolment  was  reached  in  1947-48,  when 
veterans  returning  from  World  War  II 
swelled  the  number  of  engineering  students 
to  1,800,  a figure  exceeding,  by  a substantial 
margin,  the  present  enrolment  of  1,002  out 
of  a grand  total  of  13,060  students  in  all 
faculties. 

In  recent  years,  research  has  become  one 
of  the  major  activities  of  engineering  de- 
partments at  U.B.C.  In  1955,  a research 
symposium.  Dr.  B.  G.  Ballard,  Vice-Presi- 
dent (Scientific)  of  the  National  Research 
Council,  at  N.R.C.  headquarters  in  Ottawa, 
as  Chairman,  led  to  a closer  liaison  between 
the  Council  and  the  engineering  depart- 
ments at  all  Canadian  universities.  The  in- 
terest and  financial  support  from  the  Coun- 
cil, forthcoming  as  a result  of  that  meeting, 
sparked  a vigorous  expansion  of  research 
and  graduate  work.  Increased  financial  sup- 
port from  the  Defence  Research  Board, 
and  from  industry,  has  increased  the  re- 
search budgets  of  all  engineering  depart- 
ments. In  Electrical  Engineering  and  Metal- 
lurgical Engineering  the  research  budgets 
now  exceed  the  budgets  for  undergraduate 
instruction  by  substantial  amounts.  Student 
enrolment  in  the  graduate  school  is  ap- 
proaching 100  students,  nearly  one-half  of 
the  number  of  students  in  the  final  under- 
graduate year. 

Since  the  end  of  World  War  II  the 
Faculty  of  Applied  Science  has  witnessed 
a constant  battle  between  its  increasing  en- 
rolments and  the  buildings  and  facilities 
necessary  to  accommodate  them.  The  en- 
gineering departments  are  now  in  the  pro- 
cess of  moving  to  a 20-acre  site  on  another 
part  of  the  campus.  Chemical  Engineering 
is  now  comfortably  established  in  a new 
building  and  the  other  departments  have 
reached  various  stages  in  their  planning 
and  design.  The  Faculty  can  look  forward 
to  the  day,  a few  years  hence,  when  it  can 
occupy  for  the  first  time  a set  of  buildings 
suitable  and  adequate  to  meet  its  needs. 


Queen’s  University 


Queen’s  University  at  Kingston  finds  its 
Faculty  of  Applied  Science  can  trace  roots 
to  1887 — the  same  year  the  Engineering 
Institute  of  Canada  was  formed. 

At  that  time  a Kingston  resident,  John 
Carruthers,  contributed  $10,150  and  pointed 
out  a grassy  field  for  the  site  of  an  $18,000 
Science  Hall.  The  limestone  building,  now 
home  of  the  department  of  Mathematics, 
opened  in  1891. 

Two  years  later  a locally-formed  corpora- 
tion leased  the  new  building  and  set  up 
the  first  School  of  Mining  and  Agriculture 
in  Ontario.  Science  instruction  at  Queen’s 
was  strengthened  a year  later  by  the  for- 
mation of  the  University’s  own  Faculty 
of  Practical  Science  with  N.  F.  Dupuis 
as  Dean. 

Through  the  efforts  of  Dean  Dupuis  and 
Principal  the  Rev.  G.  M.  Grant,  the  new 
faculty  introduced  courses  in  Chemistry 
and  Mineralogy,  Mechanical,  Civil,  Elec- 
trical and  Mining  Engineering  and  Biology. 

The  School  of  Mining  under  Dean  W.  L. 
Goodwin,  and  the  new  science  faculty 
existed  side  by  side,  officially  separate  but 
integrated  in  practice,  until  1897  when  the 
Mining  School  became  affiliated  with 
Queen’s. 

By  1902  the  B.Sc.  degree  was  offered  in 
eight  courses  and  the  old  M.E.  (mining 
engineer)  degree  had  disappeared  from  the 
calendars. 

The  two  were  finally  amalgamated  by 
the  Qntario  Act  of  1916  as  the  Faculty  of 
Applied  Science  of  Queen’s  University.  It 
retains  the  same  organization  today  with 
the  addition  of  Physics,  Engineering  Draw- 
ing, Geological  Sciences  and  Metallurgy  as 
separate  departments. 

Today  the  faculty  is  spread  among  seven 
buildings,  ranging  from  the  60-year-old 
Fleming  and  Qntario  Halls  to  Ellis  Hall, 
a million-dollar  building  occupied  in  1959 
by  the  Civil  Engineering  Department. 

From  a humble  beginning  in  1893  of 
five  students  and  six  staff  members,  applied 
science  enrolment  has  risen  to  more  than 
800  this  year.  As  well,  more  than  65  gradu- 


ate students  are  currently  doing  research 
and  study  within  the  department. 

In  1884  when  practical  science  was  in- 
troduced to  the  campus,  engineering  equip- 
ment consisted  of  a bench,  an  electric 
motor,  and  one  or  two  lathes  in  the  base- 
ment of  an  arts  building. 

Throughout  the  years  funds  were  con- 
stantly made  available  for  more  and  better 
equipment,  greater  library  facilities  and 
classroom  expansion.  Such  have  been  the 
demands  that  a Bendix  G15D  medium  size 
electrical  digital  computer  installed  in  the 
Computing  Centre  in  1960,  was  recently 
replaced  with  the  larger  IMB  1620. 

By  situation  and  equipment  the  Uni- 
versity is  one  of  the  best  institutions  for 
the  study  of  Geological  Sciences.  Within 
a hundred  miles  many  minerals  are  mined 
and  nearby  outcroppings  of  igneous,  sedi- 
mentary and  metamorphic  rocks  make  a 
great  natural  laboratory.  Annual  field  trips 
are  made  throughout  the  area  by  students 
and  as  many  as  40  different  mineral  species 
have  been  found  in  one  afternoon. 

The  variety  of  topographical  features  in 
the  surrounding  country  affords  the  best 
of  material  for  practice  in  all  branches  of 
surveying,  including  railway,  topographic, 
hydrographic  and  land  surveying. 

The  Canadian  Locomotive  Works,  the 
largest  locomotive  shops  in  Qntario,  are 
within  a 10-minute  walk  of  the  University, 
and  are  open  to  students  for  study.  Kingston 
has  a large  dry  dock  in  whose  yards  steel 
construction  can  be  studied  practically.  The 
locks  of  the  Rideau  Canal  can  be  visited 
six  miles  from  the  heart  of  the  city  and 
there  are  several  water  powers  within  easy 
distance. 

Each  year  a several  hundred  thousand 
dollar  research  program  is  carried  out  within 
the  departments  and  a carefully  developed 
graduate  program  is  designed  to  give  each 
post-graduate  student  individual  attention. 
Master  of  Science  degrees  have  been  offered 
at  Queen’s  since  1904. 

An  engineering  student  at  Queen’s  is  given 
a thorough  and  integrated  training  in  the 
fundamental  matter  in  the  fields  covered  by 
his  curriculum.  Dean  H.  G.  Conn,  believes 
a Queen’s  engineering  student  develops  an 
ability  to  learn  for  himself  so  he  can  keep 
abreast  of  changing  conditions  and  cur- 
rent problems. 


THE  ENGINEERING  JOURNAL  SEPTEMBER,  1962 


61 


Fig.  1 — Ecole  Polytechnique  from  1874 
to  1905 


École  Polytechnique 

One  of  the  oldest  engineering  schools  of 
Canada,  Ecole  Polytechnique  of  Montreal, 
was  founded  in  1873,  by  Messrs  Urgel- 
Eugène  Archambault,  Charles-A.  Pfister  and 
the  Honourable  Gédéon  Ouimet.  The  first 
lectures  were  given  within  the  building  of 
Ecole  du  Plateau,  but  it  soon  occupied 
a small  brick  building  of  its  own,  just  be- 
sides. This  first  site  was  between  Ontario 
and  St.  Catherine  Streets,  near  Jeanne 
Mance,  where  the  future  Place  des  Arts  will 
stand. 

At  the  start,  the  course  covered  four  years 
of  studies  and  the  first  graduating  class  of 
1877  consisted  of  five  students,  among 
whom  was  Louis-Stanislas  Pariseau,  who 
lived  to  the  age  of  101  years,  and  who,  in 
1956,  at  the  age  of  99,  and  still  walking 
alertly,  attended  the  ceremony  of  the  laying 
of  the  corner  stone  of  the  new  $15  million 
building  of  Polytechnique,  on  Mount  Royal. 

In  1887,  Ecole  Polytechnique  became 
affiliated  to  Laval  University,  which  had  a 
branch  in  Montreal;  seven  years  after,  how- 
ever, the  engineering  school,  although  keep- 
ing its  affiliation  to  the  University,  was  in- 
corporated as  a financially  independent 
body,  which  status  still  applies.  Since  1920, 
it  has  been  affiliated  to  the  University  of 
Montreal. 

It  soon  became  apparent  that  the  school 
had  to  move  into  larger  quarters,  and  the 
construction  of  a new  building  was  started 
in  1902  on  St.  Denis  Street,  near  St.  Cath- 
erine. Prom  1905,  it  was  there  that  Ecole 
Polytechnique  progressed  steadily  during 
more  than  half  a century.  No  sooner  had 
this  building  of  St.  Denis  Street  been  in- 
augurated than  the  need  was  felt  to  build 
an  annex  in  order  to  house  some  labora- 
tories and  also  a section  of  Architecture, 
which  operated  under  the  jurisdiction  of 
Ecole  Polytechnique  from  1907  to  1923,  at 
which  time  it  was  transferred  to  the  new 
Ecole  des  Beaux-Arts.  As  time  went  by, 
other  buildings  were  erected  around  the 
main  structure:  in  1932,  a wing  was  built 
parallel  to  St.  Catherine  Street  to  contain 
a gymnasium  as  well  as  hydraulic  and  ma- 
terials testing  laboratories;  in  1941,  a new 
library  and  a large  auditorium  are  added; 
finally,  in  1945,  along  Sanguine!  Street,  and 
completing  a square  shape,  a long  wing  was 
built  to  house  various  laboratories  of  the 
Electrical,  Mechanical,  Chemical  and  Geo- 
logical Engineering  departments,  as  well  as 
drafting  rooms. 

The  course  of  studies  which  had  a dura- 
tion of  four  years  at  the  beginning,  was 


Fig.  3 — Ecole  Polytechnique  since  1958 


increased  to  five  years  in  1922.  At  first,  the 
curriculum  was  common  for  every  student 
and  was  more  or  less  oriented  toward  civil 
engineering,  the  fields  of  public  works  and 
construction  being  then  the  most  promising 
from  a placement  viewpoint.  Around  1910, 
Ecole  Polytechnique  offered  specialization 
in  five  different  branches  in  the  junior  and 
senior  years,  but  most  students  chose  civil 
engineering.  In  1922,  a General  Engineer- 
ing course  of  five  years  was  the  only  one 
offered;  it  had  a certain  slant  toward  civil 
engineering,  but  was  nevertheless  quite  wide 
in  its  coverage.  Students  wishing  to  get  a 
specialized  degree  had  to  study  for  a sixth 
year. 

From  1943  to  1959,  following  the  indus- 
trial development  brought  about  by  World 
War  II,  and  also  because  of  the  difficulty 
of  adding  new  subjects  to  an  already  heavy 
curriculum.  Ecole  Polytechnique  offered  a 
system  of  semi-specialization  in  the  last  two 
years  of  studies:  these  options,  which  were 
generally  combinations  of  two  associated 
fields,  were  slightly  modified  at  the  begin- 
ning, but  were  finalized  as  follows:  Public 
Works  and  Buildings,  Mechanical  & Elec- 
trical Engineering,  Mining  & Geological  En- 
gineering, Chemical  & Metallurgical  Engi- 
neering. 

In  1955,  construction  of  the  present  build- 
ing of  Ecole  Polytechnique  was  started  on 
the  campus  of  the  University  of  Montreal, 
on  the  slopes  of  Mount  Royal.  This  was 
brought  about  by  the  rapid  increase  in  the 
registration  of  students  at  the  School  on 
St.  Denis  Street,  with  limited  possibilities 
for  expansion.  The  new  building  has  a 
volume  of  more  than  eight  million  cubic 
feet  and  a floor  area  of  some  500,000  square 
feet.  The  first  lectures  were  given  there  in 
September,  1958.  Although  it  has  its  own 
Board  of  Governors  and  a separate  ad- 
ministration, Ecole  Polytechnique  is,  in  fact, 
the  Faculty  of  Engineering  of  the  University 
of  Montreal. 

In  January,  1958,  a new  curriculum  was 
adopted  offering  full  specialization  in  the 
following  eight  fields:  Civil,  Mechanical, 
Electrical,  Chemical,  Metallurgical,  Mining, 
Geological  Engineering,  and  Engineering 
Physics.  This  new  curriculum  involves  a 
common  course  of  studies  for  two  and  a 
half  years,  the  remainder  of  the  five  years 
being  specialization.  Accent  is  given  on 
fundamentals,  and  an  effort  has  been  made 
to  maintain  as  general  an  education  as  is 
possible  within  the  bounds  of  a specialized 
course.  In  1962,  some  270  students  received 
their  engineering  degree  from  Ecole  Poly- 
technique, or,  more  precisely,  from  the 
University  of  Montreal. 


University  of 
Western  Ontario 

The  founding  of  the  Faculty  of  Engineer 
ing  Science  in  September  of  1960  fulfilled 
the  dream  of  the  founders  of  the  University 
of  Western  Ontario,  who  in  November, 
1877,  agreed  to  organize  a non-denomina- 
tional  School  of  Arts,  Law,  Medicine  and 
Engineering  to  meet  the  educational  wants 
of  fast-developing  Canada  West.  Initially 
major  emphasis  was  devoted  to  the  build- 
ing and  development  of  the  Faculties  of 
Medicine,  Arts  and  Science,  but  some 
thought  was  given  to  engineering  as  early 
as  1925,  when  special  arrangements  were 
made  for  selected  Western  students  in 
science  to  enter  with  advanced  standing 
Queen's  University  Faculty  of  Applied 
Science.  It  was  not  until  after  World  War 
II  that  increased  emphasis  on  technology 
made  it  advisable  to  consider  “rounding 
out”  the  original  plan  for  Western  as  en- 
visaged by  the  founders,  and  in  July,  1954, 
following  months  of  planning  the  Depart- 
ment of  Engineering  Science  was  formed. 
Originally,  a two-year  program  was  to  be 
offered  which  would  qualify  candidates  for 
admission  to  third  year  of  engineering 
courses  established  at  other  universities. 
Shortly  after  this,  in  May,  1956,  a four- 
year  program  leading  to  the  degree  of 
Bachelor  of  Engineering  Science  was  auth- 
orized by  the  Board  of  Governors  and  ap- 
proved by  the  Senate. 

Also  in  May  of  1956  there  was  formed 
the  Advisory  Committee  on  Engineering 
Science  which  group  of  prominent  engineers 
from  Canadian  industry,  business  and  gov- 
ernment agencies  has  played  a vital  role 
in  the  rapid  and  sound  growth  of  Western’s 
newest  faculty. 

From  the  beginning  in  1954,  the  new 
department  grew  under  the  capable  guid- 
ance of  Professor  L.  S.  Lauchland,  its  origi- 
nal member  and  head.  Enrolment  grew 
steadily  from  20  in  the  first  class  to  almost 
200  five  years  later.  The  magnificent  new 
Alexander  C.  Spencer  Faculty  of  Engineer- 
ing Building  occupied  in  June,  1959,  pro- 
vides the  faculty  with  the  most  modern 
classroom  and  laboratory  facilities,  on  a 
scale  sufficient  to  provide  for  the  projected 
maximum  undergraduate  enrolment.  Already 
additional  facilities  are  being  planned  to 
provide  for  expanding  research  and  post- 
graduate training. 
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The  Faculty  of  Engineering  Science  at 
Western  is  devoted  to  the  teaching  of  the 
i fundamentals  of  engineering.  The  curricu- 
f him  is  designed  to  develop  a thorough 
1 understanding  of  the  engineering  sciences 
I and  of  the  mathematics  and  basic  sciences 
on  which  these  are  founded.  Emphasis  is 
' therefore  placed  on  developing  an  under- 
standing of  principles  rather  than  a super- 
j ficial  facility  in  their  application.  The  first 
I two  years  of  the  four-year  course  are  com- 
I pletely  unified,  the  object  being  to  develop 
I a broad  base  of  understanding.  About  three- 


engineering  science  subjects.  During  the 
third  and  fourth  year  the  student  selects  a 
group  of  elective  subjects  enabling  him  to 
gain  a deeper  insight  into  certain  of  the 
engineering  sciences  which  he  feels  will 
best  prepare  him  for  professional  practice. 
At  present  these  options  are  oriented 
toward  the  chemical,  civil,  electrical  and 
mechanical  branches  of  the  profession,  al- 
though an  effort  is  made  to  de-emphasize  the 
use  of  this  nomenclature. 

Laboratory  exercises  are  conducted  in 
small  groups  so  as  to  best  develop  the  re- 
sourcefulness, creativity  and  judgement  so 
necessary  to  engineering  design.  A major 
course  in  the  final  year  of  the  program  is 
a project  and  thesis.  Here  each  student  is 
given  personal  guidance  and  encouragement 
to  produce  original  work  and  the  quality 
of  many  of  the  projects  is  remarkably  high. 
Future  laboratory  and  shop  facilities  will 
be  sufficient  to  provide  this  type  of  training 
for  the  maximum  enrolment  forecast  for 
the  fourth  year.  The  curriculum  includes 
a continuing  study  of  selected  humanities 
and  social  sciences  to  encourage  the  de- 
velopment of  attitudes  and  background  ap- 
propriate to  effective  citizenship  and  pro- 


fessional practice. 

Until  1960  the  effort  of  the  Faculty  was 
directed  almost  totally  to  the  development 
of  the  undergraduate  curriculum  together 
with  the  planning  and  construction  of  the 
necessary  building,  classroom  and  laboratory 
facilities.  This  much  now  is  accomplished 
and  a vigorous  research  program  involving 
several  staff  members  is  already  well  under- 
way. In  addition  a program  of  post  grad- 
uate study  has  been  planned  and  the 
fall  of  1962  will  see  the  enrolment  of  the 
first  graduate  students  in  engineering  science. 

Future  plans  call  for  the  eventual  enrol- 
ment of  about  400  undergraduate  and  50 
graduate  students  which  level  should  be 
attained  in  three  to  five  years. 


Loyola  College 

Loyola's  Department  of  Engineering  was 
established  in  1943  to  give  instruction  in 
the  first  three  years  of  the  five  year  course 
leading  to  a Bachelor  of  Engineering  de- 
gree. Currently  students  at  Loyola  have 
the  option  of  following  courses  of  study 
in  Chemical  Engineering,  Civil  Engineering, 
Electrical  Engineering,  Engineering  Physics, 
Mechanical  Engineering  and  Mining  or 
Geophysical  Engineering.  In  any  of  these 
branches  the  student  may  elect  to  proceed 
to  a Bachelor  of  Science  degree  with  an 
engineering  certificate  in  four  years,  or  to 
an  engineering  certificate  in  three  years. 

The  average  enrolment  during  the  past 
five  years  has  been  192,  but  the  present 
facilities  dictate  an  optimum  enrolment  of 
210.  For  several  years  the  engineering 
students  comprised  about  half  the  students 


enrolled  in  the  Science  faculty.  An  active 
student-run  section  of  the  Engineering  In- 
stitute of  Canada  provides  an  extra-cur- 
ricular program  of  field  trips,  technical 
films  and  technical  talks  by  graduate  engi- 
neers. 

Facilities  for  engineering  at  the  College 
are  located  in  two  of  Loyola’s  seven  build- 
ings located  on  a 50-acre  site  in  the  west 
end  of  Montreal.  These  include  two  draught- 
ing rooms  and  laboratory  facilities  for 
strength  of  materials,  physical  metallurgy, 
circuit  analysis  and  mechanical  engineer- 
ing. A surveying  field  school  is  conducted 
on  and  near  the  campus  during  the  spring. 
Studies  in  the  basic  sciences  are  undertaken 
in  the  new  Drummond  Science  Building 
while  lectures  in  mathematics  are  given 
in  the  College’s  main  and  central  build- 
ings. Study  areas  are  provided  in  the  main 
College  library  and  the  newly  constructed 
science  library.  The  College  also  plans  a 
150,000  volume  library  to  be  completed  in 
1963. 

The  present  student  residence  accommo- 
dates a limited  number,  but  facilities  for 
more  than  300  students  will  be  available  on 
completion  of  a new  student  residence 
under  construction  at  the  present  time. 

The  Engineering  Faculty  at  the  College 
consists  of  seven  members  with  a well 
balanced  background  of  teaching,  research 
and  industrial  experience.  Several  research 
projects  are  being  carried  out  under  Govern- 
ment sponsorship,  at  the  faculty  level. 

Planning  for  near-term  developments  is 
mainly  concentrated  on  improvement  of  ex- 
isting facilities  but  for  longer-term  the 
construction  of  an  Engineering  building  is 
scheduled  to  commence  in  1964  and  with 
it  expansion  of  the  present  courses  in  Civil, 
Electrical  and  Mechanical  Engineering  to 
five  year  courses. 


University  of  Western  Ontario,  Alexander  Charles  Speneer  Faculty  of  Engineering  Building. 
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McGill  University 


McGill  University  was  founded  by  be- 
quest of  the  Hon.  James  McGill  in  1811.  It 
received  a Royal  Charter  making  it  a uni- 
versity in  1821.  and  there  was  a reorgan- 
ization with  an  amended  charter  in  1852. 
Under  the  amended  charter,  Sir  William 
Dawson  became  the  first  Principal  of  the 
University,  taking  office  in  1855,  and  in 
that  year  he  inaugurated  a series  of  “Popu- 
lar Lectures  in  Applied  Science”  within  the 
Faculty  of  Arts.  These  lectures  were  ex- 
panded and  consolidated  in  1856  into  a 
curriculum  of  two  years  duration  leading 
to  a diploma  in  Civil  Engineering.  The  first 
graduate  from  this  curriculum,  one  Oliver 
Gooding,  received  his  diploma  in  1858, 
and  is  thus  the  first  McGill  graduate  in 

Engineering,  and  also  Canada’s  first  gradu- 
ate in  Civil  Engineering. 

In  the  next  seven  years  15  more  diplomas 
were  granted,  but  it  seems  that  some  dif- 
ficulties developed  during  the  Session  1863- 
64  as  there  were  no  further  Engineering 

graduates  through  the  next  seven  years. 
One  further  graduate  received  a diploma 

in  Civil  Engineering  in  1871.  In  the  Session 
of  1871-72  the  instructional  staff  was 

grouped  into  a separate  Department  of 
Applied  Science  in  the  Faculty  of  Arts, 
and  on  Monday,  February  19,  1872,  the 
inaugural  lecture  of  this  department  was  de- 
livered in  the  William  Molson  Hall  of  the 
University  by  Professor  George  F.  Arm- 
strong, the  recently  appointed  Professor  of 
Civil  Engineering  and  Applied  Mechanics. 
In  the  foreword  of  his  address,  Professor 
Armstrong  stated: 

"The  School  of  Practical  Science  which 

this  lecture  inaugurates  is  the  first  attempt 

which  has  been  made  in  British  North 

America  to  establish  the  systematic  teach- 
ing of  Applied  Science”. 

There  is  insufficient  space  here  to  print 
Professor  Armstrong’s  lecture  in  full,  but 
it  is,  in  fact,  a profoundly  interesting  docu- 
ment as  he  states  many  views  on  engineer- 
ing education  which,  if  removed  from  the 
context  and  printed  separately,  might  well 
be  regarded  as  something  which  had  been 
written  within  the  last  two  or  three  years. 

With  the  establishment  of  a Department, 
the  length  of  the  course  was  increased  to 
three  years,  and  graduates  were  awarded 
the  degree  of  Bachelor  of  Applied  Science. 
The  first  class  graduating  from  this  course, 
six  in  number,  received  their  degrees  in 
1873  and  one  of  its  members,  Clement  H. 
McLeod,  subsequently  joined  the  teaching 
staff  of  the  Department  and  served  the 
University  with  distinction  until  his  death 
in  1917. 

The  first  staff  of  the  Department  com- 
prised eight  professors  and  one  lecturer, 
and  there  were  three  divisions  of  study, 
namely  1 ) Civil  and  Mechanical  Engi- 
neering, 2)  Assaying  and  Mining,  and  3) 
Practical  Chemistry.  In  the  Session  1878-79, 
all  teaching  and  administrative  responsibili- 
ties in  Engineering  were  transferred  from 
the  Eaculty  of  Arts  to  the  Faculty  of  Ap- 
plied Science  which  was  set  up  in  that  year. 
Professor  Henry  T.  Bovey  who  had  re- 
placed Professor  Armstrong  in  the  Session 
1876-77  as  Professor  of  Civil  Engineering 
and  Applied  Mechanics,  was  appointed  first 
Dean  of  the  Faculty.  The  length  of  the 
undergraduate  class  was  increased  to  four 
years,  and  the  Civil  and  Mechanical  courses 
were  separated.  The  first  name  Chairs  in 
the  Faculty  of  Applied  Science  appeared  in 
the  University  Calendar  in  the  Session  1889- 
90.  Henry  T.  Bovey  is  a William  Scott  Pro- 
fessor of  Civil  Engineering  and  Applied 


Mechanics,  and  Charles  A.  Carus-Wilson  is 
the  Thomas  Workman  Professor  of  Mech- 
anical Engineering.  In  the  Session  1891-92, 
the  Division  of  Electrical  Engineering  ap- 
pears for  the  first  time,  and  Surveying  is 
added  to  the  Civil  Division.  In  1896-97 
the  Division  of  Architecture  first  appears 
with  S.  H.  Capper  as  the  first  Professor  of 
Architecture.  Two  years  later,  the  name  of 
the  Engineering  degree  was  changed  to 
Bachelor  of  Science  (B.Sc.)  and  the  Bache- 
lor of  Architecture  (B.Arch.)  was  instituted. 

The  early  years  of  the  new  century 
showed  considerable  developments.  In  1905 
the  Division  of  Transportation  was  added, 
and  in  1907  this  Division  was  changed  to 
the  Department  of  Railways.  In  1908  Chemi- 
cal Engineering  and  Metallurgical  Engineer- 
ing were  introduced  and  in  this  same  year, 
Dean  Bovey  moved  to  a post  at  Imperial 
College,  London,  being  succeeded  by  Dr. 
Erank  D.  Adams,  who  served  the  Faculty 
from  1908  until  1924  and  who  was  a Fellow 
of  the  Royal  Society  of  England.  In  1920 
the  old  Division  of  Practical  Chemistry 
and  Metallurgy  were  discontinued,  but  there 
were  no  further  significant  changes. 

Dean  Adams  retired  in  1924  and  was 
succeeded  by  Henry  Martyn  MacKay,  who 
served  until  his  death  in  1930.  It  was  during 
h:s  period  of  office  that  the  name  of  the 
Engineering  degree  was  changed  from 
Bachelor  of  Science  to  Bachelor  of  Engi- 
neering, and  the  name  of  the  Eaculty  was 
changed  from  the  Faculty  of  Applied 
Science  to  the  Faculty  of  Engineering. 

Starting  in  the  Session  1927-28  the 
Faculty  required  either  Senior  Matriculation 
or  the  completion  of  the  First  Year  B.Sc. 
course  in  the  Faculty  of  Arts  and  Science, 
for  admission  to  the  four-year  course  in 
the  Faculty  of  Engineering.  Most  Canadian 
engineering  faculties  introduced  similar  re- 
quirements about  this  time,  so  that  Cana- 
dian schools  of  engineering  have  since  that 
time  been  on  a five-year  basis  following 
four  years  of  High  School.  This  contrasts 
with  the  common  American  practice  of 
awarding  a Bachelor  of  Engineering  degree 
on  four  years  of  university  following  four 
years  of  High  School. 

The  beloved  Ernest  Brown  succeeded 
MacKay  as  Dean  in  1930,  and  served 
through  the  next  12  years.  This,  as  in  most 
universities,  was  a sad  period  during  which 
financial  limitations  seriously  retarded  de- 
velopment and  it  was  barely  possible  to 
hold  one’s  own. 

On  his  retirement  in  1942  Dean  Brown 
was  succeeded  by  Dr.  J.  J.  O’Neill,  past 
president  of  the  Royal  Society  of  Canada 
and  formerly  Dean  of  the  Faculty  of  Gradu- 
ate Studies  and  Research,  and  before  that 
Dean  of  Science.  It  was  he  who  guided  the 
Faculty  through  the  difficult  days  of  the 
war,  and  the  even  more  difficult  but  much 
more  exciting  days  following  the  end  of 
the  war,  when  the  Faculty  expanded  enor- 
mously to  cope  with  the  onrushing  veterans. 
It  was  during  this  period,  in  1949,  that 
McGill  began  registering  entering  Engineer- 
ing students  directly  in  the  Eaculty  of  Engi- 
neering and  administration  of  the  first 
year  became  its  responsibility.  The  Faculty 
reached  a total  enrollment  of  some  1800 
during  these  hectic  days,  and  then  ex- 
perienced a reduction  in  numbers  as  the 
wave  of  veterans  tapered  off,  although  there 
was  a subsidiary  smaller  wave  towards  the 
end  of  Dean  O’Neill’s  tenure  as  a smaller 
return  of  veterans  from  the  Korean  war 
again  swelled  our  ranks. 

Professor  R.  E.  Jamieson  succeeded  Dean 
O’Neill  in  1952,  and  in  his  five  years  of 
office  laid  sound  plans  for  the  future  de- 
velopment of  the  Eaculty.  For  the  first 
time  in  more  than  20  years  it  was  possible 
to  make  plans  with  a reasonable  hope  that 


they  would  not  be  rejected  because  of  lack  fl 
of  money  or  have  to  be  postponed  because  { ' 
of  more  pressing  needs  to  cope  with  un-  j 
precedented  numbers  of  students.  Some  of  ■ 
the  fruits  of  Dean  Jamieson’s  planning  can  il 
be  seen  in  the  new  building  at  the  corner 
of  Milton  and  University  Streets,  which 
is  connected  with  the  existing  buildings.  ' 

It  provides  completely  new  quarters  for  the  i 
Department  of  Electrical  Engineering,  the 
School  of  Architecture,  and  for  those  parts  j 
of  the  Department  of  Mathematics  which 
work  closely  with  the  engineers.  It  pro-  ' 
vides  general  auditoria  and  lecture  room  j 
space  and  drafting  rooms  for  all  engineering 
students,  and  also  houses  McGill’s  com-  B 
puting  centre.  During  this  period  also,  re-  TF 
search  work  and  post-graduate  studies  i 
started  to  become  a more  significant  part  K 
of  the  Faculty’s  work.  ■ 

In  the  last  five  years,  under  Dean  D.  L.  p 
Mordell,  further  progress  has  been  made 
in  the  evolution  of  the  curriculum  to  meet  j 
tomorrow’s  needs,  and  in  the  development 
of  graduate  work  and  research.  The  in-  | 
terests  of  the  Faculty  have  spread  widely,  j 
and  in  particular,  through  the  operation  of  i 
the  Brace  Research  Institute,  are  reaching  j 
to  many  foreign  countries  and  are  serving  j 
them  from  an  experimental  station  located  li 
some  2500  miles  from  the  campus  on  the 
Island  of  Barbados.  2500  miles  in  the  other 
direction,  a team  of  McGill  engineers  are 
engaged  on  problems  of  arctic  engineering 
in  Canada’s  northern  outposts. 

Ontario 

Agricultural 

College 

In  1874,  the  School  of  Agriculture  was 
established  at  Guelph  and  in  1880  became 
the  Ontario  Agricultural  College  affiliated 
for  academic  purposes  with  the  University 
of  Toronto.  During  this  early  period,  engi- 
neering instruction  consisted  mainly  of  prac- 
tical farm  mechanics  and  surveying,  given 
to  agricultural  students.  In  1928,  the  De- 
partment of  Physics  united  with  the  Farm 
Mechanics  Department  to  form  a Depart- 
ment of  Agricultural  Engineering. 

One  of  the  early  engineering  services 
made  available  to  farmers  was  the  field 
surveying  and  the  preparation  of  plans  for 
tile  drainage  systems.  Under  the  direction 
of  Professor  F.  L.  Ferguson  from  1919  to 
1956,  this  engineering  service  grew  steadily 
to  become  a prominent  activity  that  con- 
tributed greatly  to  the  recognition  and  de- 
velopment of  agricultural  engineering  in 
Ontario.  I 

Since  1946,  under  the  leadership  of  I 
Professor  C.  G.  E.  Downing,  the  Depart-  | 
ment  of  Agricultural  Engineering,  now  the 
Engineering  Science  Department,  has  under- 
gone a rapid  expansion  to  meet  the  needs  f; 
of  Agricultural  Mechanization  in  Ontario. 

In  1955,  a joint  program  was  arranged 
with  the  Faculty  of  Applied  Science  and  | 
Engineering  of  the  University  of  Toronto,  1 
whereby,  students,  on  completing  the  four-  | 
year  course  for  the  B.S.A.  degree  in  the  j 
Mechanical  Division  of  the  Agricultural  il 
Engineering  option  can  proceed  to  the  p 
fourth  year  of  the  Mechanical  Engineering 
course  at  the  University  of  Toronto,  leading  : 
to  a degree  B.A.Sc.;  in  1947  this  arrange- 
ment was  extended  to  include  Civil  Engi- 
neering. 
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The  Department  has  grown  from  a staff 
|)f  four  in  1946  to  20  today.  Approxi- 
nately  20  students  are  graduated  each  year. 
\t  present  there  are  also  12  graduate 
itudents  and  four  special  students  enrolled 
jn  the  Department. 

The  Department  also  offers  courses  in 
\gricultural  Mechanics  in  the  two-year  As- 
ociate  Diploma  course,  the  object  of  which 
s to  train  students  returning  to  farming. 

Most  laboratory  equipment  and  research 
[apparatus  is  now  housed  in  an  adjacent 
'uilding  known  as  the  Engineering  Annex, 
or  lack  of  space  in  the  present  Engineering 
building. 

Engineering  research  is  a major  area  of 
activity  in  the  Department.  Active  research 
studies  are  in  the  fields  of  hydrology,  drain- 
.ige,  field  machinery,  traction,  farm  struc- 
tures, snow  accumulation,  ventilation,  and 
materials  handling. 


University  of 
I Saskatchewan 

Is  The  University  of  Saskatchewan  opened 

\ its  doors  in  1909  and  in  1912  four  students 
1 entered  the  School  of  Civil  Engineering. 
! The  following  year  C.  J.  Mackenzie  was 
I appointed  lecturer,  and  with  A.  R.  Greig 
t and  J.  P.  Oliver  constituted  the  engineering 
I members  of  the  faculty  of  the  School.  In 
f 1914  there  were  14  students  registered,  but 
' in  1916  the  School  closed  until  1919,  the 
staff  and  students  being  all  involved  in 
World  War  I.  On  its  re-opening  in  1919 
the  enrollment  totalled  16  students.  By 
1921  the  growth  was  such  that  the  follow- 
ing seven  additional  members  of  staff  were 
appointed:  E.  L.  Code,  I.  M.  Fraser,  C.  H. 
Jackson,  R.  A.  Spencer,  G.  M.  Williams  and 
W.  G.  Worcester,  and  in  1923  W.  E.  Lovell, 

, making  it  possible  to  give  as  well  as  the 
1 Civil  Engineering  course  the  third  year  of 
^ Mechanical  and  Electrical  Engineering.  The 
I enrollment  in  1921-22  was  44  under- 
[ graduates.  In  1922  C.  J.  Mackenzie  was 
! appointed  Dean  of  the  College  of  Engineer- 
i ing. 

i As  time  went  on  additional  space  for 
' laboratories  and  lecture  rooms  became 
I,  necessary.  To  the  Agricultural  Engineering 
I laboratory,  built  in  1910  to  1912,  substan- 
j liai  additions  were  made  from  1919  to  1921 
and  in  1920  it  became  known  as  the  Engi- 
: neering  Building.  In  1923  the  Ceramic 
Engineering  laboratories  were  built  and  the 
full  course  initiated  in  this  subject  under 
j Professor  W.  G.  Worcester.  Two  years 
I later,  in  March  1925,  the  building  was 
j destroyed  by  fire.  By  January  1,  1926,  it 
||  had  been  replaced  by  a fireproof  brick 
I structure,  the  main  nucleus  of  the  present 
t Engineering  Building.  To  this  the  further 
growth  of  the  College  has  necessitated  sub- 
stantial additions  including  the  west  wing 
and  the  new  Agricultural  Engineering  la- 
boratories and  considerable  alterations  and 
I renovation  to  the  main  building. 

^ The  Agricultural  Engineering  course, 
started  in  the  College  of  Agriculture  in 
1912,  became,  in  1926,  under  the  leader- 
ship of  A.  R.  Greig  and  Evan  A.  Hardy, 
one  of  the  departments  of  the  Engineering 
College,  but  was  under  dual  sponsorship 
until  1947,  when  it  was  placed  completely 
under  Engineering. 

By  1931  the  undergraduate  body  num- 
bered more  than  250.  In  1931  a complete 
course  in  Chemical  Engineering  was  or- 
ganized, and  in  1935  this  was  joined  by 
courses  in  Engineering  Physics  and  Geo- 
logical Engineering.  All  three  courses  re- 


quire a student  to  be  of  honours  scholastic 
standing  to  enter  his  second  or  third  year. 

In  spite  of  the  Depression  and  the 
drought  suffered  by  the  West  in  the  1930’s 
which  resulted  in  salary  cuts  and  an  al- 
most complete  absence  of  summer  work 
for  students,  the  work  of  the  University  and 
the  College  increased  with  no  loss  of  in- 
itiative or  standards.  During  this  period  a 
student  could  attend  the  University  without 
paying  fees  for  one  year,  but  had  to  clear 
this  debt  before  he  received  a degree.  This 
statesman-like  policy  on  the  part  of  the 
University  gave  many  young  people  in 
these  desperate  times  the  opportunity  to 
acquire  knowledge.  From  this  group  have 
come  some  of  the  most  distinguished  gradu- 
ates of  the  University. 

Just  after  emerging  from  this  above  period 
of  trial  World  War  II  erupted  and  the 
University  contributed  in  every  way  pos- 
sible towards  the  war  effort.  The  clock 
was  set  two  hours  ahead  of  Mountain 
Standard  time  and  classrooms  were  busy 
from  8:30  a.m.  to  11:30  p.m.  The  machine 
and  blacksmith  shops  were,  for  a while, 
occupied  throughout  the  day  and  night  by 
Army  personnel  taking  courses.  It  was  not 
uncommon  for  staff  members  to  spend  three 
to  four  nights  a week  on  courses  for  person- 
nel of  the  Armed  Services  in  addition  to 
their  regular  teaching  duties. 

In  1940,  Dean  C.  J.  Mackenzie  was 
appointed  President  of  the  National  Re- 
search Council  and  his  position  as  head  of 
the  College  was  taken  over  by  R.  A. 
Spencer. 


During  World  War  II  the  enrolment  in 
the  College  dropped  to  440  but  in  the  im- 
mediate post-war  period  it  rose  to  1,150. 
This  period,  when  the  College  dealt  with 
the  great  wave  of  returned  men,  was  a 
continuance  of  strenuous  times  but  it  had 
much  that  was  interesting  and  rewarding. 

In  1947  the  final  year  of  an  Electrical 
Engineering  course  was  initiated,  in  1955 
Petroleum  Engineering  and  in  1962  Mining 
Engineering.  In  1949  the  Ceramic  Engi- 
neering course,  ably  given  by  Professor 
W.  G.  Worcester  from  1922-1947,  was 
discontinued. 

In  1954,  Dean  R.  A.  Spencer  retired  and 
was  followed  by  I.  M.  Fraser,  and  in  turn 
in  1958  by  Arthur  Porter  who  resigned  to 
accept  an  appointment  at  the  University 
of  Toronto  in  1961.  The  present  Dean  is 
J.  B.  Mawdsley. 

During  Dr.  Porter’s  tenure  graduate  work 
towards  the  M.Sc.  and  Ph.D.  in  Engineer- 
ing was  greatly  stimulated;  this  year  there 
are  more  than  50  in  these  courses.  Also 
at  this  time  the  undergraduate  courses  in 
Bachelors  of  Science  in  Engineering  Science 
in  most  engineering  departments  were  in- 
itiated for  men  of  honours  standing  and 
ability.  This  small  percentage  of  the  under- 
graduates receive  a greater  amount  of  fun- 
damental training  which  will  better  fit  them 
for  graduate  work  and  research. 

After  the  post-war  surge  subsided,  the 
number  in  the  College  dropped  to  405,  in 
1951-52,  then  steadily  rose  to  1,100  in 
1957-58  and  has  remained  close  to  this 
figure  since. 


Saskatchewan  Engineering  Building. 
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Dalhousie 

University 

Previous  to  1902,  Dalhousie  University 
offered  no  fully  developed  engineering 
courses.  The  need  for  higher  technical  edu- 
cation had,  however,  been  recognized  and 
a beginning  was  made  more  than  10  years 
earlier.  In  1891,  through  the  efforts  of  Dr. 
J.  Gordon  MacGregor,  Professor  of  Physics, 
and  the  cordial  and  disinterested  co-opera- 
tion of  the  leading  engineers  of  the  City  of 
Halifax,  a Faculty  of  Science  was  organized, 
in  which,  in  addition  to  the  regular  courses 
in  pure  Science,  short  technical  courses  were 
offered  in  such  branches  at  Surveying,  Hy- 
draulics, Municipal  Engineering,  Mining  and 
Metallurgy.  These  courses  were  conducted 
by  experienced  engineers  and  were  found 
to  be  of  much  service  to  students  looking 
forward  to  engineering  work.  They  did  not 
profess  to  be  exhaustive  technical  courses, 
and  the  students  who  passed  them  were  not 
granted  degrees  in  engineering.  Students 
who  wished  to  proceed  were  obliged  to  go 
(usually  for  about  two  years)  to  McGill, 
Cornell  and  similar  institutions.  Records  in- 
dicate that  the  numbers  participating  were 
comparatively  small,  but  the  courses  offered 
helped  to  satisfy  a definite  want. 

In  1902,  the  School  of  Mines  was  opened 
with  an  enrollment  of  10  students.  Well- 
equipped  geological  mining  and  metallurgi- 
cal laboratories  were  established.  Two  years 
later,  in  1904,  a Department  of  Civil  Engi- 
neering was  added  with  an  enrollment  of  21. 
It  was  then  no  longer  necessary  for  a 
student  to  go  elsewhere  for  a degree  course 
in  Civil  or  Mining  Engineering.  Those  pro- 
ceeding to  a degree  in  Mechanical  or  Elec- 
trical Engineering  studied  two  full  years  at 
Dalhousie,  completing  two  additional  years 
at  some  other  institution.  By  1908  the 
enrollment  in  the  Engineering  Faculty  had 
increased  to  about  70  students. 

In  1906,  discussions  were  started  with 
the  Government  of  Nova  Scotia,  and  other 
Maritime  universities,  with  a view  to  fur- 
ther expansion  of  the  engineering  course. 
As  a result,  there  was  passed  by  the  Legis- 
lature the  “Technical  Education  Act  of 
1907”  which  provided  for  the  founding  of 
the  Nova  Scotia  Technical  College  a govern- 
ment supported  institution,  which  opened 
for  classes  in  September,  1909,  under  the 
Principal,  Dr.  F.  H.  Sexton,  who  had  been 
a member  of  the  Dalhousie  Faculty  of  Engi- 
neering. With  this  date,  Dalhousie's  relations 
to  technical  education  entered  upon  a new 
phase.  The  third  and  fourth  year  courses  in 
Civil  and  Mining  Engineering  were  discon- 
tinued, and  the  Faculty  of  Engineering  as 
such,  ceased  to  exist.  Among  the  members 
of  the  last  graduating  class  were  such  well- 
known  engineers  as  C.  J.  MacKenzie,  for- 
mer President  of  the  National  Research 
Council  of  Canada  and  Geoffrey  Geraghty 
and  Dennis  Stairs  of  Montreal. 

From  that  date,  students  completed  a 
two-year  course  common  to  all  branches 
of  engineering,  at  Dalhousie  or  some  other 
associated  university,  and  many  then  pro- 
ceeded to  the  Nova  Scotia  Technical  Col- 
lege for  their  final  two  years  to  the  Bache- 
lor of  Engineering  degree  in  Civil,  Electrical, 
Mechanical  or  Mining  Engineering.  Later, 
as  additions  to  the  course  demanded  it,  the 
period  at  the  universities  was  increased  to 
three  years,  making  the  total  degree  course 
five  years  from  junior  matriculation.  The 
Nova  Scotia  Technical  College  has  more 
recently  added  degree  courses  in  Chemical 
and  Metallurgical  Engineering. 


The  first  Professor  of  Engineering  and 
Head  of  Department  was  C.  D.  Howe,  who 
was  Chancellor  of  Dalhousie  from  1957 
until  his  death  in  1960.  He  was  succeeded 
in  1913  by  Professor  J.  N.  Finlayson,  later 
Dean  of  Engineering  at  Manitoba  and  more 
recently  at  the  University  of  British  Colum- 
bia; in  1919  by  Professor  R.  A.  Spencer, 
and  he,  in  1920,  by  Professor  W.  P.  Copp 
who  served  continuously  until  his  death  in 
1946.  H.  R.  Theakston,  who  had  been  ap- 
pointed to  the  Engineering  Staff  in  1921 
became  Head  of  Department,  and  subse- 
quently Rt.  Hon.  C.  D.  Howe,  Professor  of 
Engineering,  a chair  which  he  continues  to 
occupy.  The  staff  has  been  increased  over 
the  years  to  four  full-time  members,  as  well 
as  a number  of  student  instructors  in  various 
subjects. 

The  Department  has  changed  its  loca- 
tion three  times  since  its  inception  in  1909. 
Housed  first  in  the  Forrest  Building  until 
1915,  it  then  moved  to  new  quarters  in 
the  Science  Building  at  Studley,  shared  with 
Physics  and  Chemistry.  In  1945,  when  two 
Navy  buildings  erected  on  the  Campus 
during  the  war  were  turned  over  to  the 
University,  the  Engineering  Department  took 
over  about  two-thirds  of  one  of  these  after 
extensive  interior  alterations  had  been  made, 
and  which  it  shared  with  the  Geology  De- 
partment. These  quarters  were  occupied  for 
15  years  until  the  most  recent  move  to  its 
excellent  and  commodious  quarters  in  the 
new  Sir  James  Dunn  Science  Building  in 
May,  1960,  which  it  shares  with  Physics 
and  Geology. 

The  registration  of  students  in  the  De- 
partment has  steadily  increased  during  the 
years.  From  an  average  total  for  the  De- 
partment prior  to  World  War  I of  ap- 
proximately 40  students,  it  has  risen  for 
the  1961-62  year  to  219  students;  an  all 
time  high,  excepting  the  three  years  im- 
mediately following  World  War  II  when 
the  influx  of  ex-Service  students  swelled 
the  registration  to  abnormal  figures. 

In  co-operation  with  the  Department  of 
Physics,  the  Department  also  participates 
in  the  preparation  of  students  for  the  de- 
gree of  Bachelor  of  Science  in  Engineering 
Physics. 

Assumption 
University 
of  Windsor 

No  one  seems  to  know  exactly  when  pre- 
Engineering  was  first  taught  at  Assumption 
College.  The  University  of  Western  Ontario 
did  not  offer  pre-Engineering,  and  did  not 
recognize  the  two  years  of  pre-Engineering 
beyond  Grade  XII  at  Assumption.  There  is, 
therefore,  no  record  of  such  a course  in 
Western’s  official  announcements  and  files. 
It  seems  that  the  late  1920’s  marked  the 
humble  beginnings,  and  in  the  alumni  roster 
there  are  alumni  listed  who  had  the  first 
college  education  in  pre-Engineering  at 
Assumption  College  in  the  early  1930’s. 

In  addition  to  the  subjects  which  were 
part  of  the  General  Arts  and  Science  cur- 
riculum, Mechanical  Drawing,  Descriptive 
Geometry  and  Surveying  were  offered.  For 
a long  time  these  special  courses  were  given 
by  professional  graduates  from  industry. 


These  part-time  instructors  could  only  come  fj 
to  the  campus  in  the  evening  or  on  Saturday  I 
mornings,  and  the  students  were  left  to  do  1 
most  of  the  work  at  home.  T 

These  courses  continued  until  the  ap-  | 
pointment  of  F.  A.  DeMarco  to  the  staff  | 
in  September,  1946,  when  the  entire  pre-  t 
Engineering  program  was  transferred  to 
the  regular  day-time  sessions  and  integrated 
with  the  other  programs. 

Since  the  University  of  Western  Ontario  I 
did  not  recognize  the  program,  the  cur-  ^ 
riculum  was  primarily  designed  to  fit  into 
the  five-year  co-op  program  at  the  Univer-  i 
sity  of  Detroit,  and  indeed  nearly  all  of  the  , 
students  went  to  Detroit  for  their  degrees. 
Assumption  students  always  did  well  there, 
and  out-performed  the  students  from  other 
pre-Engineering  schools. 

Assumption  received  its  University  Char- 
ter in  1953.  Following  friendly  negotiations 
— its  program  was  accepted  by  the  Senate 
of  the  University  of  Toronto.  Queen’s  Uni- 
versity, while  approving  the  program  for 
admission  to  the  second  year  of  a four- 
year  program,  preferred  to  leave  the  ad- 
mission of  students  on  an  individual  basis. 

In  the  ensuing  years  an  increasing  number 
of  students  transferred  to  Toronto  and 
Queen’s,  but  the  bulk  of  our  certificate 
holders  still  found  the  University  of  Detroit 
the  least  costly  and  most  convenient. 

With  the  affiliation  of  the  non-sectarian 
Essex  College  in  1956,  the  responsibility  for 
pre-Engineering  was  given  to  that  institu- 
tion. One  of  the  first  studies  asked  of  Dr. 
DeMarco,  then  acting  Principal  of  Essex 
College,  was  the  investigation  of  the  possi- 
bility of  expanding  the  Engineering  program 
to  the  degree  level.  The  Board  of  Directors 
of  Essex  CoUege  created  an  Engineering 
Education  Committee  to  work  with  Dr. 
DeMarco. 

In  May,  1957,  the  Committee  recom-  j 
mended  to  the  Board  of  Directors  “that  I 
Essex  College  make  the  necessary  arrange-  j 
ments  to  offer  the  full  program  in  Chemical, 
Civil,  Electrical  and  Mechanical  Engineer-  I 
ing,  adding  the  second  year  beyond  Grade  ! 
XHI  in  1958,  the  third  year  in  1959  and  the 
fourth  year  in  1960,  subject  to  the  con- 
ditions that  adequate  housing  facilities  and 
teaching  faculty  be  provided,  and  that 
plans  for  the  construction  of  a fully- 
equipped  engineering  building  within  five  | 
years  be  initiated”.  This  recommendation  I 
was  accepted  by  the  Board  of  Essex  Col- 
lege in  the  summer  of  1957. 

In  the  fall  of  1959,  within  a new  academic  | 
organization  structure  at  the  University,  the  ; 
Faculty  of  Applied  Science  was  created,  | 
and  for  a few  weeks  the  Faculty  was  ad- 
ministered by  means  of  a Committee  of  de- 
partmental heads,  with  Dr.  M.  Adelman  as 
Chairman.  The  Committee  proved  to  be  ^ 
unwieldy  in  the  everyday  operations  of  the 
Faculty,  and  in  October  Principal  DeMarco 
was  appointed  Dean  of  the  Faculty  by  the 
Board  of  Directors  of  Essex  College  and 
the  Board  of  Governors  of  the  University. 

In  1959,  a graduate  program  was  started 
in  the  Extension  Division.  This  program 
met  with  ready  favor  among  the  engineers 
in  the  area  who  wished  to  up-date  their  j 
previous  training  or  who  sought  oppor- 
tunity for  an  advanced  degree.  It  also  j 
served  the  purpose  of  providing  higher  level  i 
courses  which  maintained  the  post-graduate 
and  research  interest  of  the  highly-qualified 
faculty.  These  extension  courses  were  even- 
tually integrated  into  a full-time  Master’s 
program  following  the  graduation  of  the 
first  crop  of  undergraduates  in  1961.  It 
was  gratifying  to  the  faculty  to  see  the 
leading  students  in  each  department  all  re- 
turn for  graduate  work. 
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Nova  Scotia  Technical  College,  Administrative  Building  with  Library  on  Top  Floor. 


Nova  Scotia 
Technical  College 

Nova  Scotia  Technical  College  was  estab- 
lished in  Halifax  by  an  act  of  the  Provin- 
cial Legislature  and  in  agreement  with  the 
existing  universities  of  the  area.  Under  the 
agreement,  now  involving  eight  institutions 
of  higher  learning  in  three  provinces,  the 
Associated  Universities  give  the  first  three 
years  of  the  engineering  degree  course,  as 
a common  course,  and  present  successful 
students  with  a diploma.  This  diploma  con- 
stitutes the  entrance  requirements  for  the 
College  where  the  student,  after  an  ad- 
ditional two  years,  receives  his  Bachelor  of 
Engineering  Degree  in  his  chosen  branch. 

The  Department  of  Militia  and  Defence 
granted  the  “Old  Drill  Shed  Property”  on 
Spring  Garden  Road  as  a site  for  the 
College  and  the  first  building  was  com- 
pleted on  September  24,  1909,  just  four 
days  before  classes  began  in  Civil,  Elec- 
trical, Mechanical  and  Mining  Engineering. 
Dr.  F.  H.  Sexton  was  the  first  President  of 
the  College  and  he  remained  at  the  helm 
until  1947.  Under  his  guidance  additional 
buildings  were  constructed  as  required,  the 
College  registration  fluctuating  between  a 
low  of  seven  in  1917  and  a high  of  74  in 
1933.  During  the  depression  of  the  1930’s, 
registration  reached  a prewar  high  as  men 
flocked  to  the  halls  of  learning  to  improve 
their  knowledge  and  enhance  opportunities 
for  employment.  In  both  1933  and  1935  the 
graduating  class  totaled  37.  In  the  latter 
year  the  degree  was  changed,  to  conform 
to  changes  in  the  curriculum,  from  B.Sc. 
to  B.E. 


In  the  years  following  World  War  II 
registration  climbed  to  a maximum  in  1949- 
50  of  430  undergraduates  of  whom  175 
received  degrees  in  May,  1950.  In  addition 
to  these  undergraduates  the  College  housed, 
on  Campus,  students  with  their  families  in 
“temporary”  quarters  and  numerous  in- 
formal dances,  kindergarten  classes  and  an 
active  student  wives  club  resulted.  More 
recently  the  graduating  class  has  averaged 
110-120  per  year  with,  in  addition,  several 
graduate  students  receiving  the  M.E.  de- 
gree. Starting  in  the  fall  of  1962  the  College 
will  accept  candidates  for  registration 
towards  a Ph.D. 

1947  was  a momentus  year  in  the  history 
of  the  College.  Dr.  Sexton  retired  after  40 
years  as  administrative  head  of  the  only 
engineering  degree  granting  institution  in 
Nova  Scotia.  He  was  succeeded  by  Dr.  A.  E. 
Cameron  under  whom  the  College  Act  was 
completely  revised  to  establish  a Board  of 
Governors  including  representation  by  the 
Presidents  of  the  Associated  Universities, 
a Senate  including  representation  by  the 
Professors  of  Engineering  of  the  Associated 
Universities  and  a teaching  faculty  respon- 
sible under  the  Senate  and  the  Board  for 
instruction  in  Chemical,  Civil,  Electrical, 
Mechanical,  Metallurgical  and  Mining  Engi- 
neering at  both  undergraduate  and  graduate 
level.  The  academic  relationship  with  re- 
gard to  the  Associated  Universities  and 
their  three  year  diploma  course  was  con- 
tinued. 

The  period  1947-57  saw  expansion  of 
the  campus  physically  as  adjoining  property 
was  acquired,  and  an  almost  doubling  of 
class  rooms  and  laboratory  space  with  the 
addition  of  a wing  to  the  Chemical  and 
Mining  Building,  and  the  construction  of 
a new  building,  the  Macdonald  Engineering 
Building  to  house  Civil  Engineering  and 
some  sections  of  other  departments. 


In  1957  Dr.  Cameron  retired  and  was 
succeeded  by  President  Jack  Hoogstraten 
who  resigned  in  1960  to  become  a Vice- 
President  of  the  University  of  Manitoba. 
Dr.  G.  H.  Burchill,  Professor  of  Electrical 
Engineering  and  a member  of  the  staff  of 
that  department  since  1928,  was  appointed 
Acting  President  until  the  arrival  in  the 
spring  of  1961  of  Dr.  G.  W.  Holbrook. 

During  1961  a major  construction  project 
was  completed.  This  included  a three-wing 
type  building  attached  at  the  south  end  of 
the  Macdonald  Engineering  Building,  the 
new  construction  housing  administration 
and  faculty  offices,  the  library,  a series  of 
lecture  and  drafting  rooms  and  new  labora- 
tories for  both  Electrical  and  Mechanical 
Engineering.  Also  in  1961  a School  of 
Architecture  was  established  at  the  College. 
Entrance  requirements  to  the  School  are 
completion  of  the  first  two  years  of  the 
engineering  course  at  the  Associated  Uni- 
versities, the  student  then  remaining  on  the 
College  Campus  for  an  additional  four 
years. 

Since  1946  the  College  has  paid  honour 
to  outstanding  engineers  in  the  fields  of 
industry,  government  and  education  by 
conferring  on  them  the  degree  of  Doctor 
if  Engineering  Honoris  Causa.  Several  of 
those  so  honoured  are  older  graduates  of 
the  College  who  have  gained  prominence 
in  their  chosen  field,  some  close  to  home, 
others  in  distant  areas.  Among  those  may 
be  mentioned  J.  B.  Hayes  Civil  T6)  and 
I.  P.  McNab  (Mec  ’13)  both  past  presidents 
of  the  Engineering  Institute  of  Canada, 
F.  M.  Dawson  (Civil  ’10),  A.  E.  MacDon- 
ald (Civil  ’20),  H.  R.  Theakston  (Min  ’21) 
and  G.  H.  Burchill  (Elect  ’23)  who  col- 
lectively have  been  directly  responsible  for 
the  technical  education  of  numerous  engi- 
neering students  in  both  the  United  States 
and  Canada. 
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The  Alumni,  and  three  Alumnae,  now 
totaling  some  2200  members  representing 
almost  all  known  religous  faiths  is  very 
active.  Its  headquarters  in  Halifax  and 
branches  or  clubs  in  other  cities  of  Canada 
successfully  completed  a drive  for  funds 
to  erect  a new  gymnasium  on  the  campus 
and  construction  is  expected  to  begin  dur- 
ing 1962.  The  College  plans  to  utilize  these 
new  facilities  for  Convocation  in  May,  1963. 

Sir  George  Williams 
University 

Sir  George  Williams  University  has,  for 
many  years,  offered  a “pre-engineering” — 
first-year-science  program.  In  1957  two 
years  were  added  to  the  existing  pre-engi- 
neering year  in  Civil,  Mechanical,  Electrical, 
and  Chemical  Engineering.  Graduates  of 
this  feeder  program  have  since  completed 
their  degree  work  at  Ecole  Polytechnique, 
McGill,  and  Queen's  Universities,  with  stu- 
dents presently  enroled  at  these  universities 
as  well  as  at  Carleton  and  M.I.T. 

In  addition  to  offering  its  day  program. 
Sir  George  Williams  has  pioneered,  in  Can- 
ada, in  providing  the  opportunity  for  even- 
ing undergraduates  to  proceed  part  way 
toward  an  engineering  degree  while  fully 
employed.  The  offering  of  such  a profes- 
sional program  in  evening  classes  has  been 
under  carefully  prescribed  conditions. 
Students  proceed  at  the  rate  of  two  calen- 
dar years  for  one  academic  year,  with 
courses  laid  down  in  a specified  pattern. 
The  courses  offered,  the  work  required, 
and  the  examinations  set,  are  to  precisely 
the  same  standard  as  the  day  division  of- 
ferings. 

The  first  evening  class  completed  its  work 
last  year  and  its  members  are  now  enroled 
in  day  classes  at  other  universities  to  com- 
plete their  final  two  years  as  full-time 
students.  Only  the  ablest  people  are  capable 
of  the  continuous  hard  work  and  self- 
discipline  imposed  by  the  evening  program 
and  consequently  it  is  reasonable  to  expect 
that  evening  students  completing  their  work 
in  full-time  day  classes  will  rank  highly. 

The  University  is  now  in  the  process  of 
planning  new  facilities  in  order  to  permit 
growth  from  its  present  total  day  enrol- 
ment, in  all  faculties,  of  2,000  students,  to 
a total  of  5,000  day  students  before  1970, 
The  expansion  program  includes  additional 
facilities  for  honors  and  graduate  work  as 
well  as  for  a full  degree  program  in  Engi- 
neering in  the  day  division. 

Present  plans  call  for  completion  of  the 
first  stage  of  building  by  1965.  This  will 
make  available  the  necessary  plant  to  per- 
mit offering  the  fourth  year  of  the  five- 
year  sequence  in  the  1965-6  session,  to  be 
followed  immediately  by  the  fifth  year. 
In  consequence,  the  1962-3  freshman  class 
will  be  the  first  graduating  class  of  the 
Engineering  Degree  program. 

The  curriculum  will  be  limited  initially 
to  Civil,  Mechanical,  and  Electrical  Engi- 
neering. The  present  certificate  program 
in  the  evening  division  will  be  retained  and 
will  in  effect  be  a feeder  program  for  the 
final  two  years  in  the  day  division.  This 
built-in  source  of  upper  year  students  should 
provide  a very  favorable  balance  of  num- 
bers in  upper  vs  lower  years  of  the  day 
division  operation. 


The  history  of  Engineering  at  Sir  George 
Williams  University  has  been  brief  but  we 
do  look  forward  to  reporting  again  at  the 
100th  anniversary  of  the  Engineering  In- 
stitute of  Canada. 

University  of 
New  Brunswick 

Instruction  in  engineering  at  U.N.B. 
began  as  the  result  of  the  foresight  of  two 
men.  William  Brydone-Jack  and  Sir  Ed- 
mund Head.  Brydone-Jack  was  appointed 
Professor  of  Mathematics  and  Astronomy 
in  1840  and  served  as  President  from  1861 
to  1885.  Sir  Edmund  Head  was  Governor 
of  New  Brunswick  from  1847  to  1854  and 
Governor-General  of  Canada  from  1854  to 
1861.  These  men  had  the  foresight  to  ap- 
preciate the  significance  of  the  technological 
developments  of  their  times  and  their  place 
in  an  academic  institution.  Together,  they 
guided  the  institution,  known  until  1859  as 
King’s  College,  through  the  most  critical 
years  of  its  existence.  They  opposed  the 
conservative  policies  and  classical  traditions 
which  had  developed  under  the  first  Presi- 
dent of  the  College  who,  in  his  Encaenial 
address  of  1851  stated: 

“In  a thinly  populated  and  comparatively 
uncultivated  country,  no  means  which  could 
be  employed  would  have  the  effect  of  filling 
the  College  with  agricultural,  manufacturing, 
mechanical,  or  commercial  students.  The 
attempt  could  have  no  better  effect  than 
miserable,  disheartening,  self-destructive  dis- 
appointment. Intellectual  and  moral  culture 
should  be  our  pursuit  and  occupation.” 

Even  before  this  time,  Brydone-Jack  had 
been  giving  lectures  in  Surveying  as  part  of 
the  mathematics  course  and  was  responsible 
for  the  construction,  in  1851,  of  an  observa- 
tory which  boasted  a six-inch  telescope  and 
was  the  equal  of  any  on  the  continent.  In 
1852  Sir  Edmund  Head  petitioned  the  Coun- 
cil of  the  College  to  consider  giving  spe- 
cific attention  to  Civil  Engineering.  As  a 
result,  Mr.  Creagan,  an  English  engineer 
who  was  conducting  a survey  of  the  Euro- 
pean and  North  American  Railway  to 
connect  Halifax  with  Portland,  gave  his 
first  lecture  on  February  15,  1854,  to  a class 
of  26  students;  the  first  engineering  instruc- 
tion at  a Canadian  university.  In  these 
early  years,  the  curriculum  was  heavily 
charged  with  preparation  for  the  construc- 
tion of  railways. 

With  the  transition  from  King’s  College 
to  the  University  of  New  Brunswick  in 
1859,  a diploma  was  established  for  the 
course  in  “Civil  Engineering  and  Surveying” 
and  was  first  awarded  in  1862  to  George 
Ketchum  who,  during  his  professional 
career  made  the  first  study  of  the  Chignecto 
Canal.  While  a course  in  Science  was  estab- 
lished in  1871,  instruction  to  engineering 
students  was  given  primarily  by  the  Arts 
Faculty,  with  the  professional  subjects  given 
by  practising  engineers.  The  number  of 
graduates  in  any  year  was  usually  not 
greater  than  five  or  six. 

The  first  staff  appointments  to  recognize 
the  separate  existence  of  engineering  in- 
struction was  made  in  1889  with  the  estab- 
lishment of  a Chair  of  Civil  Engineering 
and  Surveying,  and  the  appointment  of 


Allen  Wilmot  Strong  as  the  first  Professor.  | 
At  the  same  time  Dr.  A.  Wilmar  Duff  was 
appointed  to  a new  Chair  of  Experimental 
Science.  He  was  succeeded  in  1893  by 
George  M.  Downing,  B.Sc.,  an  electrical 
engineer  educated  in  the  United  States,  who 
was  appointed  as  Professor  of  Physics  and  j 
Electrical  Engineering.  j 

The  decade  prior  to  1900  is  marked  by  ! 
an  awakening  of  the  necessity  of  expansion  i 
in  engineering  instruction,  agitation  for  the  t 
purchase  of  equipment  which  the  University  j 
could  not  afford  and  frustration  of  the  | 
staff,  which  changed  frequently.  The  unrest 
of  this  period  resulted  in  the  establishment 
and  awarding  of  the  first  degree  in  1899  ] 

and  the  completion  of  an  engineering  build-  J 
ing  in  1901.  Registration  increased  consider- 
ably following  these  favourable  develop-  ta 
ments  and  it  can  be  said  that  engineering  I 
education  as  we  now  understand  it  stems  f 
from  them. 

The  first  engineering  degree  was  desig- 
nated by  B.A.I.  but  this  was  changed  to  ; 
B.Sc.  (in  Civil  and  Electrical  Engineering) 
in  the  year  1907.  The  following  year,  John 
Stephens,  a graduate  of  Trinity  College, 
Dublin,  was  appointed  as  Professor  of 
Mechanical  Engineering.  His  unique  per-  s 
sonality  was  appreciated  by  generations  of  j 
students  until  his  retirement  in  1945.  A.  [ 
Foster  Baird  was  appointed  as  Professor  of  j) 
Physics  and  Elecrical  Engineering  in  1916  J' 
and  continued  as  Professor  of  Electrical  ( 
Engineering  from  1927  until  his  retirement  ) 
in  1951.  Earle  O.  Turner  came  to  the  Uni-  > 
versity  from  M.I.T.  in  1919  and  served  as  i 

Professor  of  Civil  Engineering  until  his  i 

retirement  in  1957.  There  can  be  no  doubt  ; 
that  John  Stephens,  Foster  Baird  and  Earle 
Turner  were  the  founders  of  the  modern  en- 
gineering faculty  at  the  University  of  New  ; 

Brunswick.  Single-handedly  they  built  up  | 

and  maintained  their  separate  departments  | 

through  the  lean  years  of  the  depression  j 

and  into  the  hectic  years  of  World  War  II.  , 

During  this  period.  Electrical  Engineering  i 

acquired  separate  facilities  in  the  World 
War  I Memorial  Building  (opened  in  1924)  ‘ 

but  this  was  the  only  physical  expansion. 

After  World  War  H,  the  veterans  quad-  i 
rupled  the  registration.  Further  expansion 
was  necessary  in  physical  plant  and  the  : 

staff  grew  rapidly.  Following  the  veteran  { 

bulge  in  registration  it  was  decided  to  ex- 
tend the  course  to  five  years  after  Junior  ! 
Matriculation,  and  to  offer  a degree  course  ' 
in  Mechanical  Engineering.  At  the  same 
time  affiliations  were  arranged  with  a num-  | 

ber  of  other  universities  with  respect  to  I 

offering  the  first  three  years  of  instruction 
in  Chemical  and  Mining  Engineering.  The 
first  class  from  the  five  year  curriculum 
graduated  in  1952  and  the  first  degrees  in  ! 
Mechanical  Engineering  were  conferred  in  | 
1953. 

The  past  10  years  have  been  a period  | 
of  steady  growth  marked  by  a large  exten-  I 
sion  to  the  engineering  building  in  1957,  | 

the  beginnings  and  rapid  growth  of  graduate 
studies,  further  increase  in  staff,  increased 
support  by  the  University  and  industry,  j 
rapid  improvement  of  laboratory  facilities 
and  equipment  and  finally  by  the  institution 
of  degree  courses  in  Chemical  and  Survey- 
ing Engineering,  with  the  first  graduates  in 
1962.  The  Surveying  course  is  unique  at 
English-speaking  Canadian  universities. 

Against  this  background  of  an  early  start, 
painfully  slow  progress  during  the  19th 
century,  gradual  development  under  the 
leadership  of  capable,  dedicated  men  dur-  , 
ing  the  first  half  of  this  century  and  ac-  ^ 
celerating  expansion  since  World  War  II, 
the  Faculty  of  Engineering  at  the  Univer- 
sity of  New  Brunswick  faces  the  future  i 
with  confidence. 
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University 
of  Toronto 


Engineering  Building,  University  of  Toronto. 


As  the  19th  Century  advanced,  an  accel- 
erating need  for  the  development  of  natural 
resources  and  an  improved  technology  to 
meet  domestic  demands  and  foreign  com- 
petition became  apparent  on  the  Canadian 
economic  scene. 

It  was  to  be  1850,  however,  before  the 
dire  lack  of  men  with  any  extensive  educa- 
tion in  practical  science  and  technology 
would  cause  the  problem  to  receive  con- 
crete consideration  in  the  political  and  edu- 
cational arena  of  the  day.  A Commission 
of  Visitation,  authorized  through  the  Bald- 
win Act  which  became  effective  that  year, 
established  a chair  for  Civil  Engineering  at 
University  College  in  1851.  The  actual  in- 
struction for  a two-year  undergraduate 
course  prescribed  by  the  University  did  not 
become  available  until  the  1857-58  session, 
and  was  the  first  complete  course  of  study 
in  Civil  Engineering  formally  offered  in  the 
Province  of  Ontario. 

Unfortunately,  the  inadequacy  of  this 
arrangement  with  regard  to  facilities,  cur- 
ricula, and  qualified  instruction  was  clearly 
reflected  by  the  fact  that  its  26  years  of 
existence  provided  seven  graduates.  In  1877, 
six  years  prior  to  the  termination  of  this 
course,  the  Ontario  Legislative  Assembly 
approved  the  establishment  of  a professional 
School  of  Practical  Science  wherein  its  stu- 
dents would  receive  instruction  from  the 
staff  in  the  science  departments  of  Univer- 
sity College  for  work  pertaining  to  that  of 
the  School.  The  University  of  Toronto 
Senate  passed  a statute  in  1889  to  affiliate 
the  School  with  the  University.  This  was 
done  to  retain  the  advantage  of  instruction 
from  these  science  departments  which  had 
since  been  incorporated  into  the  University 
of  Toronto. 

A most  notable  appointment  as  Principal 
of  the  School  was  made  in  that  year  in  the 
person  of  John  Galbraith,  a man  of  un- 
deniable ability,  courage,  and  integrity,  — 
a prerequisite  for  those  early  years  of  con- 
troversy and  struggle.  His  inspired  leader- 
ship set  the  standard  upon  which  the  great 
traditions  and  esteem  of  engineering  educa- 
tion at  Toronto  rest  today;  a standard 
which  has  been  jealously  maintained  by  his 
successors.  Dean  Galbraith  who  died  in 
1914,  was  succeeded  by  W.  H.  Ellis,  1914- 
19;  Brig.-General  C.  H.  Mitchell,  1919-41; 
C.  R.  Young,  1941-49;  K.  F.  Tupper,  1949- 
54,  and  the  present  Dean,  R.  R.  McLaugh- 
lin. 

On  December  14,  1900,  the  Senate  estab- 
lished a Faculty  of  Applied  Science  and 
Engineering  but  did  not  assume  respon- 
sibility for  its  support  or  maintenance.  This 
tri-lateral  situation  between  Government, 
University,  and  School  of  Practical  Science 
was  finally  rectified  in  1906  when  the  latter 
adopted  its  present  status  as  the  Faculty  of 
Applied  Science  and  Engineering  of  the 
University  of  Toronto. 

The  original  three-year  Diploma  course 
was  replaced  in  the  Session  1910-11  with 
four  years  of  undergraduate  study  leading 
to  the  degree  of  B.A.Sc.  This  had  been  an 
option  since  1892  and  was  open  to  those 
holding  the  Diploma  of  the  School.  At  the 
inception  of  the  School,  the  courses  of 
Civil,  Mechanical,  Mining,  Assaying  and 
Mining  Geology,  and  Analytical  and  Ap- 


plied Chemistry  were  offered.  These  had 
increased  with  the  introduction  of  Electrical 
Engineering  and  Architecture  by  1890, 
though  the  latter  subsequently  became  a 
separate  school  on  July  1,  1948.  Today,  the 
Faculty  offers  nine  basic  branches  of  engi- 
neering which  include  various  options  in 
the  third  and  fourth  years. 

One  post-war  problem  worth  mention 
was  handled  through  the  operation  of 
Ajax,  25  miles  east  of  Toronto,  as  a 
separate  and  complete  University  com- 
munity to  accommodate  the  heavy  increase 
of  first  and  second  year  students  in  engi- 
neering. This  staggering  project  involved 
446  acres.  111  buildings,  and  a maximum 
registration  in  the  1946-47  session  of  3300 
students.  Ajax  was  in  existence  from  Janu- 
ary 14,  1946,  to  May  31,  1949.  New  facilities 
in  Toronto  and  decreased  registration  were 
responsible  for  its  closing. 


The  University  of  Toronto  Expansion 
Program  is  fulfilling  another  chapter  to 
meet  the  demands  for  change  and  improve- 
ment in  higher  education.  The  latest  engi- 
neering facilities  are  provided  in  the  new 
Galbraith  building,  housing  the  Faculty 
Office,  with  Civü,  Electrical  and  some  Aero- 
nautical Engineering  (Institute  of  Aero- 
physics)  lecture  rooms  and  laboratories 
containing  extensive  equipment  of  the  most 
modern  type. 

The  Faculty  of  Applied  Science  and  En- 
gineering is  and  will  be  preparing  for  the 
ever  widening  scope  and  more  exacting 
standards  required  for  competent  profes- 
sional education.  Engineering  in  particular 
and  of  necessity  has  been  nurtured  and 
toughened  in  such  a climate  and  12,000 
living  graduates  of  the  “School”  look  for- 
ward with  confidence  to  the  future. 


The  Galbraith  Building,  housing  Civil  Engineering,  Electrical  Engineering,  Aero- 
nautical Engineering  and  the  Faculty  Offices.  Officially  opened  March  7,  1961. 
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building  which  parallels  the  wiugs,  while 
geology  occupies  the  top  floor. 

A very  active  participant  in  all  phases  of 
elaboration  and  construction  of  this  vast 
project  has  been  an  engineering  graduate 
from  the  Faculty,  L.  P.  Bonneau,  who  was 
Dean  in  1960-61  before  becoming  Vice- 
Rector  of  the  University.  Through  his  un- 
relenting efforts  the  buildings  will  soon  be 
ready  for  occupancy  and  the  long  ex- 
pected move  should  be  over  by  September 
1st  at  the  least. 

Relying  on  its  past  experience  and  with 
the  goodwill  of  its  1692  graduates,  1036  in 
engineering,  the  Faculty  of  Science  faces 
the  future  with  confidence  and  holds  great 
expectations  for  the  new  phase  of  its  life 
which  is  beginning. 

University  of 
Manitoba 

The  year  1962  marks  the  40th  anniversary 
of  the  establishment  of  the  Faculty  of 
Engineering  and  Architecture,  and  the  55th 
anniversary  of  formal  instruction  in  Engi- 
neering, at  The  University  of  Manitoba, 
Winnipeg.  In  chronological  order  the  de- 
velopment has  been  as  follows: 

1907  Appointment  of  E.  E.  Brydone-Jack 
as  Professor  of  Civil  Engineering.  Beginning 
of  formal  instruction  in  Engineering. 

1909  Establishment  of  Department  of  Elec- 


trical Engineering  and  appointment  of  Pro- 
fessor E.  P.  Fetherstonhaugh. 

1913  Establishment  of  Department  of 
Mechanical  Engineering  and  appointment  of 
Professor  W.  C.  Rowse. 

1914-18  World  War  I period.  Students  fell 
off  in  numbers  until,  in  1917,  third  and 
fourth  years  were  discontinued  and  staff  re- 
duced. 

1919  Reorganization  of  courses  in  Civil 
and  Electrical  Engineering.  Appointment  of 
Professor  J.  N.  Finlayson  as  Head  of  Civil 
Engineering. 

1920  Creation  of  separate  Faculty  of  Engi- 
neering. 

1921  Professor  E.  P.  Fetherstonhaugh  ap- 
pointed first  Dean  of  Engineering. 

1922  Department  of  Architecture  trans- 
ferred from  Arts  to  Faculty  of  Engineering, 
which  became  Faculty  of  Engineering  and 
Architecture. 

1933  Move  of  second,  third  and  fourth 
years  of  Engineering  from  temporary  quar- 
ters in  downtown  Winnipeg  to  renovated 
(Agricultural)  Engineering  building  (about 
57,000  square  feet  gross)  on  Fort  Garry 
site. 

1936  Resignation  of  Professor  J.  N.  Finlay- 
son and  appointment  of  Professor  A.  E. 
Macdonald  as  Head  of  Civil  Engineering. 

1938  Establishment  of  four-year  degree 
course  in  Geological  Engineering,  under  a 
committee. 


1939-45  World  War  II  period,  followed  by 
large  influx  of  veterans. 

1945  Special  April-September  Veterans’ 
course  in  first  year  subjects. 

1946  Special  January  - July  and  April  - 

September  Veterans’  courses  in  first  year 
subjects.  Peak  registration  in  Engineering 
of  882  students.  Move  of  first  year  Engineer- 
ing to  Fort  Garry  site  into  army  temporary  ! 
buildings.  ' 

1947  Re-establishment  of  Department  of 

Mechanical  Engineering  under  Professor  i 

N.  M.  Hall.  Peak  total  registration  in 
Faculty  of  1217  students. 

1 

1948  Completion  of  one-storey  (about  « 

7,250  square  feet  gross)  south-wing  westerly  i 

extension  to  Engineering  Building.  , 

I 

1949  Retirement  of  Dean  E.  P.  Fetherston- 
haugh and  promotion  of  Professor  A.  E. 
Macdonald  to  Dean  of  the  Faculty  of  Engi- 
neering and  Architecture.  Promotion  of  Pro-  j 
fessor  W.  F.  Riddell  to  Head  of  Civil  En-  i 
gineering  and  of  Professor  N.  A.  Williams  to  , | 
Head  of  Electrical  Engineering.  New  three- 
storey-and-basement  (about  70,000  square 
feet  gross)  north- wing  of  Engineering  Build-  i 
ing  completed  and  all  years  of  Engineering 
moved  under  one  roof  for  first  time. 

1950  Establishment  of  four-year  degree 

course  in  Engineering  Physics  as  option  in  i 
Department  of  Electrical  Engineering.  i 
Largest  number,  244  Engineering  students  to  it 
graduate  at  one  time.  n 

(Continued  on  page  96)  I 


DART  1 

UNIONS 


Two  Bronze  Seats  Ground  to  a True  Balt  Joint 
DART  UNION  COMPANY  OF  CANADA  LTli 

^ TORONTO  CANADA 


for  efficient  service 
and  economy 


BOOTH 


STEEL  ROLLING 
SHUTTERS 


T/ie  BOOTH  Rolling  Shutters  shown  below  are  part 
of  an  installation  of  32  Shutters,  each  8'6"  square  at 
the  New  Sufferance  Warehouse,  Montreal  for  Messrs. 
Smith  Transport  Ltd.  This  is  the  latest  repeat  order 
for  these  clients. 


JOHN  BOOTH  & SONS  (BOLTON)  LTD. 

Hulton  Steelworks,  Bolton,  England. 


Represented 
•AVID  McGILL  & SONS  LTD., 

16  St.  John's  Road,  Point  Claire, 
MONTREAL  33,  Que. 

HALLS  ASSOCIATES  (WESTERN)  LTD., 
1045  Erin  Street,  WINNIPEG  10,  Man. 

NORTHERN  ASBESTOS  ft  BUILDING 
SUPPLIES  LTD., 

125th  Avenue,  EDMONTON,  Alta. 


in  Canada  by. 

NORTHERN  ASBESTOS  ft  BUILDING 
SUPPLIES  (B.C.)  LTD., 

3455  Bainbridge  Avenue,  North 
Burnaby,  (VANCOUVER)  B.C. 

Full  technical  details  and  other 
Information  are  contained  in  our 
Catalogue,  available  free  on  request 
from  any  of  the  above. 


i 
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LEADS  WITH 
CORROSION 
RESISTANCE . . . 


LASTING, 

LUSTROUS  BEAUTY 


On  car  components,  cash  registers,  marine  hardware, 
supermarket  carts. . .yes,  even  on  hand  tools  such  as 
drills,  when  the  plated  parts  stay  bright-looking  despite 
daily  usage— Double  Layer  Nickel  Plating  is  the  reason  why. 

The  first  thick  layer  of  semi-bright  nickel  guards  against 
corrosion,  provides  an  ideal  base  for  the  second  layer, 


reduces  and  often  eliminates  cost  of  buffing  and  polishing. 

The  second  layer  of  nickel  brings  further  protection 
against  corrosion  . . . and  adds  a brilliant,  lustrous  finish. 

Double  Layer  Nickel-Chrome  Plating  is  a practical  way  to 
win  sales  by  meetingthe  high  standards  demanded  by  qual- 
ity-conscious customers,  for  durability  and  lasting  beauty. 


THE  INTERNATIONAL  NICKEL  COMPANY  OF  CANADA,  LIMITED,  55  YONGE  STREET,  TORONTO 
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Month  to  Month 


JOHN  STANLEY  WADDINGTON, 
Vice-President  of  Phillips  Elec- 
trical Company  Limited,  has  been 
elected  a Vice-President  of  the  Engineer- 
ing Institute  of  Canada.  Mr.  Waddington 
graduated  from  the  University  of  Mani- 
toba in  1934  with  a B.Sc.  degree.  He 
became  a member  of  the  Institute  in 
1947.  Since  then,  he  has  participated  in 
many  Institute  activities.  He  was  a 
Councillor  from  1957  to  1961;  Chairman 
of  the  Professional  Interests  Committee, 
1958,  and  Chairman  of  the  Committee 
on  By-laws,  1959-1962.  Mr.  Waddington 
was  Chairman  of  the  Brockville  Branch 
in  1954.  He  is  a member  of  the  Brock- 
ville Public  Library  Board  and  a Mem- 
ber of  the  Board  of  Governors  at  the 
Brockville  General  Hospital. 

GEORGE  DEMERS,  m.e.i.c.,  Consult- 
ing Engineer  of  Montreal,  has  been 
elected  a Vice  President  of  the  Engineer- 
ing Institute  of  Canada.  Mr.  Demers 
graduated  from  the  University  of  Mon- 
treal, Ecole  Polytechnique,  and  com- 
pleted post-graduate  work  at  Ecole 
Nationale  des  Ponts  et  Chaussées,  Paris, 
France.  Mr.  Demers  is  a member  of 
several  technical  societies  including  the 
Society  of  Civil  Engineers,  the  American 
Water  Works  Association  and  the  Cana- 
dian Institute  of  Sewage  and  Sanitation. 
Mr.  Demers  was  chairman  of  the  Quebec 
Branch  in  1948,  and  was  a Councillor 
of  that  area. 


John  B.  Mantle, 

M.E.I.C. 


John  James  Rowan, 
M.E.I.C. 


JOHN  B.  MANTLE,  M.E.I.C.  Professor 
and  Head  of  the  Mechanical  Engineer- 
ing Department  at  the  University  of 
Saskatchewan  has  been  elected  a Vice 
President  of  the  Institute.  Professor 
Mantle  graduated  with  a B.E.  degree  in 
Mechanical  Engineering  from  the  Uni- 
versity of  Saskatchewan  in  1941,  and 
with  a M.Sc.  from  the  University  of 
Illinois  in  1947.  He  was  a student  mem- 
ber of  the  Institute  in  1941,  an  Associate 
Member  in  1943,  and  became  a full 
Member  in  1946.  Professor  Mantle  was 
Councillor  for  Saskatchewan  in  1956  and 
1957.  He  was  Secretary-Treasurer  of  the 
Saskatchewan  Section,  1947-48;  mem- 
ber of  the  Branch  Executive,  1949-50 
and  1962;  Saskatchewan  Branch  Vice 
Chairman,  1958;  Chairman,  1959;  Chair- 
man of  the  Papers  Committee,  1959 
Western  Technical  Conference;  Faculty 
Advisor,  1957-62.  Professor  Mantle  is 
active  in  the  A.P.E.  Sask.,  and  the 
Kiwanis  Club.  He  has  had  several  papers 
dealing  with  stress  analysis  published, 
and  was  stress  analysis  consultant  to  the 
Dominion  Government  P.F.R.A.  and 
Saskatchewan  Power  Corporation. 


JOHN  JAMES  ROWAN,  m.e.i.c.,  Refin- 
ery Manager  at  Imperial  Oil  Limited, 
has  been  elected  a Vice  President  of 
the  Institute.  Mr.  Rowan  graduated  with 
a Bachelor’s  degree  in  Civil  Engineering 
from  Ecole  Polytechnique  in  1935,  and 
in  Mechanical  Engineering  from  M.I.T. 
in  1936.  He  attended  the  Advanced 
Management  Program  at  Harvard  Uni- 
versity in  1955.  Mr.  Rowan  was  Program 
Chairman  of  the  Sarnia  Branch  in  1951, 
and  Vice  Chairman  of  the  Branch  in 
1952-53.  His  outside  activities  include 
executive  positions  in  several  charitable 
organizations.  Mr.  Rowan  was  Chairman 
and  Consultant  of  the  Remuneration 
Committee  of  the  C.P.E.,  and  Past 
Chairman  of  the  Laval  Industrial  Asso- 
ciation. 


STANLEY  J.  CAREW,  m.e.i.c..  Dean  of 
the  Faculty  of  Applied  Science  at 
Memorial  University  of  Newfoundland, 
has  been  elected  a Vice  President  of  the 
Institute.  Mr.  Carew  graduated  from 
Dalhousie  University  in  1936  with  a 
B.Sc.  degree,  and  from  Nova  Scotia 
Technical  College  in  1938  with  a B.E. 
He  was  Chairman  of  the  Newfoundland 
Branch  in  1954-55.  He  was  President  of 
the  A.P.E.  of  Newfoundland  in  1957-58. 
Mr.  Carew  is  active  in  community  af- 
fairs. He  is  Chairman  of  the  Provincial 
Apprenticeship  Board  of  Newfoundland, 
a Member  of  the  Canadian  Services  Col- 
leges Advisory  Board,  and  a Member  of 
the  Nova  Scotia  Technical  College 
Senate. 


George  E.  Humphries,  Stanley  J.  Carew, 
M.E.I.C.  M.E.I.C. 


GEORGE  E.  HUMPHRIES,  m.e.i.c.. 
President  of  M.  M.  Dillon  and  Company, 
Ltd.,  London,  Ont.,  has  been  elected  a 
Vice  President  of  the  Engineering  Insti- 
tute of  Canada.  Mr.  Humphries  gradu- 
ated from  Wolverhampton  Technical 
College  with  a Diploma  in  Mechanical 
Engineering  in  1931.  He  was  a .student 
member  of  the  Institute  in  1930,  and 
became  a Full  Member  in  1943.  He  was 
secretary  of  the  London  Branch  in  1950, 
and  Chairman  in  1951.  He  was  Council- 
lor in  1957-58.  Mr.  Humphries  is  also 
Vice  Pre.sident  of  Consulting  Engineers 
of  Canada. 

m 
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These  concentrate  load-out  bins  are  33  ft.  in  diameter  and 
are  constructed  in  heavy  gauge  steel  plate. 


Horton  engineers  steei  plate 
for  Newfoundland  Iron  Ore  Mine 


The  rugged,  large  scale  engineering 
demands  of  iron  ore  mining  are  typical 
of  the  numerous  heavy  gauge  steel 
plate  fabrication  requirements  met 
by  Horton. 

At  the  Iron  Ore  Co.’s  mining  location 
at  Carol  Lake,  Newfoundland,  Horton 
has  fabricated  and  field-erected  the 
steel  plate  for  a battery  of  ore  load-out 
bins  and  a Cryogenic  liquid  oxygen 
storage  vessel.  These  two  widely 
differing  structures  demonstrate 
Horton’s  ability  to  form  or  shape 
any  type  of  steel  or  other  metal,  in 
any  gauge,  to  any  specifications,  any- 
where in  Canada! 

Horton  has  the  engineers,  the  facilities 
and  the  experience  to  develop  the 
answer  to  your  steel  plate  problems, 
large  or  small,  no  matter  where.  If 
yom*  requirements  can  be  met  in 
fabricated  steel  plate  — call  Horton 
today. 


This  31  ft.  10  inch  diam.  Cryogenic  steel  plate  storage  vessel 
contains  an  inner  aluminum  vessel,  24  ft.  5 inch  diam., 
designed  to  store  liquid  oxygen  at  — 320  degrees  F. 


HSW-6210 


Nl^l4 


HORTON  STEEI 

WORKS,  LIMITEDmm^^^mmi 

25  ADELAIDE  STREET  WEST,  TORONTO,  ONTARIO 

Plants  and  Offices  throughout  Canada 


TANKS  AND  STEEL  PLATE  WORK  FOR  ANY  INDUSTRIAL  ASPECT.  . . IN  CARBON  STEEL,  SPECIAL  METALS  OR  COMPOSITES 
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Personals 


W.  A.  Hepburn  J.  B.  Christensen 


Willian  A.  Hepburn,  m.e.i.c.  (Purdue 
’42)  has  been  elected  Chairman  of  the 
Steel  Industries  Advisory  Council,  the 
co-ordinating  agency  of  all  segments  of 
the  steel  industries  serving  construction 
in  Canada.  Mr.  Hepburn  is  Vice  Presi- 
dent of  John  T.  Hepburn,  Limited, 
Toronto  and  a Past  President  of  the 
CISC  of  which  he  is  now  a director. 


Jorgen  B.  Christensen,  m.e.i.c.  (Engrg. 
Coll.  Horsens,  Denmark)  has  been  ap- 
pointed a Marine  Engineer  with  Mc- 
Namara Engineering  Limited,  Toronto. 
Mr.  Christensen,  formerly  a Senoir  Engi- 
neer with  C.  D.  Howe  Co.  Ltd.,  Mont- 
real, has  had  ten  years’  experience  on 
various  engineering  projects  in  the  Baie 
Comeau,  Seven  Islands  and  Shelter  Bay 
area  in  Quebec,  and  at  Wabana,  New- 
foundland. Kalju  Ojala  has  been  ap- 
pointed a municipal  engineer  with  Mc- 
Namara. Mr.  Ojala,  a graduate  of  the 
University  of  Toronto,  has  had  eight 
years  experience  in  the  design  of  muni- 
cipal engineering  projects  throughout 
Ontario. 

George  H.  Crase  has  been  appointed 
Vice  President  of  Sales  at  Horton  Steel 
Works,  Limited,  Toronto.  Mr.  Crase’s 
experience  with  Horton  extends  over  a 
period  of  17  years  in  a contract 
engineering  capacity. 


G.  H.  Crase  S.  B.  Moro 


Orby  Brumell,  m.e.i.c.  (McGill  ’34)  has 
been  appointed  President  and  General 
Manager  of  Separator  Engineering 
Manufacturing  Ltd.  In  his  new  position 
Mr.  Brumell  will  be  responsible  for 
Separator’s  world-wide  manufacturing 
affiliates  as  well  as  the  domestic  facili- 
ties. Mr.  Brumell  is  president  of  St. 
James  Reality  Go.  and  a director  of  nu- 
merous other  Ganadian  corporations.  He 
is  a Past  President  of  the  John  Howard 
Society,  Divisional  Ghairman  of  the 
Welfare  Eederation  Gampaign,  and  a 
member  of  the  Executive  Gommittee  of 
the  Ganadian  Manufacturing  Association. 

Gerald  A.  McFaden  has  been  appointed 
Technical  Officer  of  the  Ganadian  Insti- 
tute of  Timber  Gonstruction.  He  will  be 
located  in  Ottawa.  His  experience  prior 
to  joining  G.I.T.G.  includes  the  construc- 
tion, timber  preservation  and  glued- 
laminated  timber  industries. 


O.  Brumell  G.  A.  McFaden 


G.  L.  Osberg,  Head  of  the  Ghemical 
Engineering  section.  Division  of  Applied 
Ghemistry,  National  Research  Gouncil, 
Ottawa,  has  been  appointed  Editor  of 
the  Ganadian  Journal  of  Ghemical  En- 
gineering, published  by  the  Ghemical 
Institute  of  Ganada. 

Major  D.  G.  McClellan,  an  officer  in  the 
Royal  Canadian  Engineers,  has  been  ap- 
pointed Canadian  Liaison  Officer  in  the 
office  of  the  chief  engineers  at  Fort  Bel- 
voir,  Va. 

S.  B.  Moro,  M.E.I.C.  (Queens  ’45)  has 
been  appointed  refinery  manager  of 
Shell  Oil  Company’s  new  Oakville  re- 
finery. Mr.  Moro  was  formerly  manager- 
construction.  In  his  new  capacity,  he  will 
continue  to  direct  the  building  of  the 
Oakville  refinery  which  is  scheduled  for 
completion  early  next  year.  As  refinery 
manager,  he  will  also  be  responsible  for 
organizing,  manning,  commissioning  and 
operating  the  refinery. 


R.  E.  Tweeddale  S.  M.  Young 


R.  E.  Tweeddale,  m.e.i.c.  (U.N.B.  ’35) 
General  Manager  of  the  New  Brunswick 
Electric  Power  Gommission,  Frederic- 
ton, has  been  elected  President  of  the 
Ganadian  Electrical  Association.  Mr. 
Tweeddale,  who  was  a district  highway 
engineer  in  New  Brunswick  from  1935 
until  his  enlistment  in  the  R.G.A.F.  in 
1940.  He  then  served  overseas  as  a 
radar  officer  until  1945.  He  joined  New 
Brunswick  Electric  Power  Gommission  in 
1945,  and  eventually  became  first  gen- 
eral manager  in  1958.  Mr.  Tweeddale 
served  with  the  International  Joint  Gom- 
mission in  1952,  on  the  study  of  the 
St.  John  River  basin.  In  1960,  he  was 
chosen  Ganada’s  Electrical  Man  of  the 
Year  for  leadership  in  completing  the 
New  Brunswick-Nova  Scotia  power  grid. 

Stephen  M.  Young  has  been  elected  a 
Director  of  International  Harvester  Gom- 
pany  of  Canada.  Mr.  Young  joined  the 
company  in  1935  after  graduating  with 
a degree  in  Mechanical  Engineering 
from  the  University  of  Saskatchewan. 

Charles  M.  Thomson  has  been  ap- 
pointed Vice  President  and  General 
Manager  of  Railway  & Power  Engineer- 
ing Corporation,  Limited.  In  his  new 
capacity,  Mr.  Thomson  will  be  respon- 
sible for  the  operation  of  tliis  sales  and 
and  distribution  organization. 

L.  D.  Baldwin  has  been  named  manager 
of  the  Halifax  Branch  of  Burroughs 
Business  Machines  Ltd.  Mr.  Baldwin 
joined  Burroughs  in  1950  as  a sales 
representative  and  has  since  held  respon- 
sible positions  in  Toronto  and  Hamilton. 
In  1958  he  became  zone  sales  manager 
in  Toronto.  Richard  R.  Bruce  has  been 
appointed  to  the  newly  created  position 
of  employment  supervisor  for  Burroughs. 
Mr.  Bruce  will  co-ordinate  recruiting 
efforts  at  Toronto  Head  Office  witli 
branches  of  the  company  across  the 
continent. 
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Charles  A.  Blue  has  been  appointed 
sales  manager  for  FWD  Corporation 
(Canada)  Ltd.  In  his  new  position,  Mr. 
Blue  will  be  responsible  for  all  sales 
activities  of  the  company  throughout 
Canada.  Mr.  Blue  was  formerly  as- 
sociated with  Allis-Chalmers  Mfg.  Co. 


James  S.  Carlile  has  been  appointed  Vice 
President  of  Electronics  Corporation  of 
America  (Canada)  Ltd.,  and  Douglas  C. 
Appleton  has  been  appointed  Secretary 
of  that  company.  Mr.  Carlile  has  exten- 
sive experience  in  tlie  field  of  com- 
bustion control  and  indus'trial  instrumen- 
tation and  has  been  Manager  of  this 
company  since  its  inception  in  Canada. 
Mr.  Appleton  is  controller  for  the  com- 
pany. He  has  had  wide  experience  in  the 
management  accounting  field. 


D.  C.  Appleton 


J.  S.  Carlile 


Frank  G.  Huck  has  been  appointed  con- 
troller of  three  Canadian  operating  com- 
panies of  the  Bowater  Corporation. 
These  are  the  Newfoundland  Pulp  and 
Paper  Mills  Ltd.,  at  Comer  Brook;  the 
Bowater  Power  Company  Ltd.,  at  Deer 
Lake;  and  Bowaters  Mersey  Paper  Com- 
pany Ltd.  Mr.  Huck  will  have  head- 
quarters in  Corner  Brook. 


Taylor  J.  Kennedy,  m.e.i.c.  (McCill  ’39) 
has  been  appointed  Assistant  to  the 
President  of  the  Canada  Cement  Com- 
pany. He  joined  the  company  in  1940 
as  Plant  Engineer  at  the  Montreal  East 
plant,  and  was  Project  Engineer,  then 
Superintendent  at  Plant  1 from  1945  to 
1955.  He  was  then  transferred  to  the 
Head  Office  as  Superintendent  of  All 
Manufacturing  Plants,  and  became 
general  superintendent  in  1958. 


L.  D.  Baldwin  has  been  named  manager 
of  the  Halifax  Branch  of  Burroughs 
Business  Machines  Ltd.  Mr.  Baldwin 
joined  Burroughs  in  1950  as  a sales 
representative  and  lias  since  held  respon- 
sible positions  in  Toronto  and  Hamilton. 
In  1958  he  became  zone  sales  manager 
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Dominion  Bridge  construction  crews  at  our  Vancouver 
branch  hoist  last  segment  of  100,000-gallon  water  tank. 
The  tower  is  102  ft.  high  and  28  ft.  8 ins.  in  diameter. 


One  of  4 evaporators  used  in  the  salt  industry  leaving 
the  Manitoba  Bridge  plant  in  Winnipeg.  Each  unit  is 
47  ft.  in  length  and  weighs  S3  tons. 


“Cyclone”  thickeners  for  use  in  centrifugal  separ 
of  fine  and  coarse  aggregates  in  the  mining  ind 
Twenty-four  of  these  36“  diameter  thickeners  a 
smaller  14"  diameter  units  were  built  in  Montre 
Quebec  Cartier  Mining  Company. 


Five  of  nine  340-barrel  closed 
at  Manitoba  Bridge  in  Winnipeg 
Company,  Cincinnati.  Each  tank  weighs  8 tons. 


This  80-ft.  long  36-inch  diameter,  stainless  steel 
was  fabricated  in  Edmonton  for  an  Alberta 
chemical  plant.  Weight  of  the  vessel  is  22,000 


Jobs  for  a specialist... 


Producing  vessels  like  those  shown  on  these 
pages  is  a big  responsibility  and  only  a few 
companies  in  Canada  are  properly  equipped  for 
the  work.  One  of  the  few  is  Dominion  Bridge. 
D.B.  maintains  first  class  platework  facilities 
from  coast-to-coast  and  has  experienced  engi- 
neers able  to  design  to  customers’  specifications. 
Through  a continuing  programme  of  research 
and  development  by  a staff  of  the  most  talented 


people  in  the  business,  Dominion  Bridge  keeps 
technically  ahead. 

The  Platework  Division  of  Dominion  Bridge 
specializes  in  the  production  of  vessels  and  tanks 
for  oil  and  chemical  processing,  pulp  digesters 
and  acid  accumulators,  penstocks,  turbine  spiral 
cases,  water  towers,  storage  tankage,  boiler  shells 
and  other  special  fabrications.  Those  illustrated 
here  are  typical.  90 


Platework  by 


DOMINION  BRIDGE 


1 


DOMINION  BRIDGE  COMPANY  LIMITED 


FIFTEEN  PLANTS  COAST-TO-COAST 


other  Societies 


SPOKEN  HERE 

Water  treatment  news 


Automatic  Filter  control 
with  no 
moving  parts? 


by  J.  S.  Kneale, 
Manager. 
Cold  Process 
Section, 
The  Permutit 
Company 


The  same  questions  are  asked  so  often 
about  Permutit’s  Automatic  Valveless  Grav- 
ity Filter  that  we  think  most  engineers 
must  have  some  interest  in  the  answers. 
Here  are  a few  typical  questions  we  receive 
concerning  this  unique  filter. 

Just  how  automatic  is  it?  Completely. 
It  washes  at  a predetermined  loss  of  head. 
It  performs  the  functions  of  wash,  rinse  and 
return  to  service  with  no  external  source  of 
power  of  any  kind.  From  its  previous  rinse 
cycle,  the  filter  contains  its  own  backwash 
water.  The  backwash  occurs  at  the  proper 
time,  at  the  proper  rate,  and  for  the  proper 
duration.  After  this  operation  and  the  rinse 
cycle  is  complete,  it  returns  to  service. 

How  can  it  be  valveless?  By  an  ingenious 
arrangement  of  piping  of  various  sizes  for 
various  functions,  this  filter  not  only  per- 
forms the  wash  and  rinse  cycles  mentioned 
above  but  also  insures  that  no  rinse  water 
can  go  to  service.  When  more  than  one 
filter  is  in  a battery,  these  are  interlocked 
so  only  one  can  wash  at  a time.  No  valves 
needed  here,  either. 

What  part  does  gravity  play?  The  filter  is 
completely  vented  to  the  atmosphere,  and 
can  only  build  up  a predetermined  loss  of 
head  (all  positive  head,  since  no  negative 
head  can  be  developed).  The  unit  is  essen- 
tially a constant  rate,  variable  head  filter 
which  will  monitor  itself  and  wash  only 
when  it  needs  to  for  safe  operation. 

How  complex  is  it?  It  is  unusually  simpli- 
fied. Everything  has  been  done  away  with 
except  the  container,  the  sand,  and  piping. 
The  only  thing  that  moves  is  the  water  and 
the  sand  during  washing.  Provide  the  filter 
with  water  at  elevation  21.5'  and  it  will  re- 
turn it  to  you  at  elevation  12.0'  clean,  clear, 
and  ready  to  use. 

For  more  detailed  information  on  Per- 
mutit’s Automatic  Valveless  Gravity  Filter, 
write  Permutit  Company  of  Canada,  Dept. 
EJ-92,  207  Queens  Quay  West,  Toronto  1, 
Canada. 

▲ PERMUTIT  COMPANY 
^ of  CANADA 

CALGARY,  MONTREAL,  TORONTO 
a division  of  PFAUDLER  PERMUTIT  CANADA,  LTD. 

Specialists  in  fluidics  . . . the  science  of  fluid  processes 


SHELL  STRUCTURES 

Photographs  of  permanent  shell  struc- 
tures in  Canada  have  been  urgently 
requested  for  display  at  the  World  Con- 
ference on  Shell  Structures.  This  Con- 
ference will  be  held  this  year  in  San 
Francisco  during  the  first  week  of 
October. 

At  the  Conference  each  country  will 
be  assigned  a panel  on  which  to  display 
a sample  of  its  shell  structures.  The  most 
desirable  photographs  will  be  mounted, 
and  should  emphasize  some  of  the  archi- 
tectural and  structural  features  of  the 
structures. 

Engineers,  architects  or  others  who 
may  have  such  photographs,  and  who 
wish  to  have  them  considered  for  dis- 
play at  this  important  Conference,  are 
asked  to  submit  them  to;  Professor 
M.  P.  Lafreniere,  820  Westmount  St., 
Sherbrooke,  Que. 

AEROSPACE  SUPPORT 

One  of  the  principal  aims  of  the 
International  Conference  and  Exhibit  on 
Aerospace  Support  will  be  to  inform 
the  public  of  the  significance  of  this 
large  phase  of  the  space  program.  Aero- 
space support  is  concerned  with  the 
preflight  checking  and  readying,  in-flight 
monitoring,  and  landing  or  recovery 
phases  of  aerospace  vehicles.  More  than 
70  per  cent  of  total  program  expendi- 
tures for  missile  programs  has  been  on 
the  support  aspects. 

The  other  principal  aim  of  tlie  pro- 
gram is  the  precipitation  of  a nucléation 
on  an  international  basis  of  all  related 
work  in  the  field  towards  advancing  the 
state  of  development  in  the  aerospace 
support  area. 

The  Conference  will  appeal  to  nearly 
every  engineering  discipline,  particularly 
electrical  and  mechanical.  It  will  be  held 
in  the  Sheraton  Park  Hotel,  Washington, 
D.C.,  August  4-9,  1963. 

COLUMN  RESEARCH  COUNCIL 

The  Column  Research  Council  has 
recently  established  a special  committee 
under  the  chairmanship  of  Professor 
R.  A.  Hechtman  of  the  Department  of 
Civil  Engineering,  George  Washington 
University,  Washington,  D.C.,  to  assist 
in  the  interchange  of  information  on 
experimental  methods  in  the  study  of 
structural  stability.  The  committee  is 
soliciting  memoranda  and  reprints  of 
papers  from  experimental  workers  in 
every  country  describing  test  procedures 
they  have  used  or  devised. 

By  this  notice,  workers  in  these  fields 
in  Canada  are  requested  to  communicate 
with  Professor  Hechtman  regarding  their 
test  procedures.  It  is  to  be  noted  that 
the  survey  is  to  embrace  studies  of 
plates,  shells,  and  beams,  as  well  as 
studies  of  column  members.  Both  static 
and  dynamic  or  impulsive  loading  condi- 
tions are  of  interest.  Procedures  for 
analysing  test  data  are  also  to  be  in- 
cluded in  the  study. 


Dwight  D.  Simmons 


C.C.P.E. 

Dwight  D.  Simmons,  a Director  of 
Imperial  Oil  Limited,  Toronto,  has  been 
elected  President  of  the  Canadian  Coun- 
cil of  Professional  Engineers.  Mr.  Sim- 
mons, who  was  President  of  the  Associa- 
tion of  Professional  Engineers  of  Ontario 
in  1960,  was  elected  during  the  C.C.P.E. 
Annual  Meeting  in  Quebec  City  in  May. 

Other  officers  elected  at  the  meeting 
were:  Gilles  Sarault,  Quebec  City,  Vice- 
President;  and  J.  F.  McDougall,  Edmon- 
ton, Member  of  the  Executive. 


ENGINEERING  MANAGEMENT 

The  10th  Annual  Joint  Engineering 
Management  Conference  will  be  held  in 
New  Orleans,  La.,  September  13-14.  The 
Conference  will  be  divided  into  four 
one-half-day  sessions. 

The  first  session,  “The  Challenge  of 
the  Future”,  will  include  a review  of  the 
contribution  engirneering  and  science 
has  made  to  our  modem  society,  and  a 
look  ahead  to  the  developments  antici- 
pated in  the  near  future.  This  will  in- 
clude a recognition  of  new  sets  of  condi- 
tions created  by  industry  dispersal  and 
the  economic  development  of  Latin 
America. 

The  luncheon  speaker  on  Sept.  13 
will  be  C.  H.  Shumaker,  Southern 
Methodist  University,  Dallas,  Tex.,  Presi- 
dent of  the  American  Society  of 
Mechanical  Engineers.  His  topic  will  be 
“A  Philosophy  for  Management.” 

Session  II,  “Engineering  Education”, 
will  deal  with  the  changing  patterns  in 
undergraduate  engineering  curricula  and 
programs  for  the  continuation  of  an 
engineer’s  education  after  graduation. 

To  be  discussed  at  Session  III,  entitled 
“Managerial  Gontribution  to  Engineering 
Work,”  will  be  the  organization  of  en- 
gineering work,  motivation,  wage  ad- 
ministration, and  the  development  of  a 
creative  engineering  environment. 

At  the  Sept.  14  luncheon  the  guest 
speaker  will  be  Ambassador  de  Lesseps 
S.  Morrison,  U.S.  Representative  on  the 
Council,  Organization  of  American 
States.  His  topic  will  be  “Latin  America 
—Key  to  the  Future.” 

The  final  session,  entitled  “Contribu- 
tions by  Engineers  to  Managerial  Work,” 
will  deal  with  the  contributions  engineers 
have  made  and  may  be  expected  to  make 
in  the  fields  of  automation,  mechaniza- 
tion and  the  control  of  reliability  of 
functions. 


i 
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ALL  ENGINEERS 


To  improve  its  service  to  you,  The  Engineering 
Journal  has  installed  the  most  modern  electronic  data 
processing  equipment  available. 

To  take  full  advantage  of  this  modern  equipment 
it  is  necessary  to  obtain  from  you  up-to-date  infor- 
mation. 

To  assist  in  obtaining  the  most  accurate  informa- 
tion possible,  all  engineers  receiving  The  Engineering 
Journal  have  been  sent  a questionnaire  on  which  they 
are  asked  to  supply  the  pertinent  data. 

There  are  two  basic  reasons  why  it  will  be  to  your 
advantage  to  complete  and  return  this  questionnaire 
as  promptly  as  possible. 

1.  The  combination  of  accurate 
information  and  high  - speed 
data  processing  equipment  will 
result  in  a much-improved  cir- 
culation service.  This  will  be 
especially  helpful  in  dealing 
wtih  changes  of  address,  which 


now  number  about  1,000  a 
month. 

2.  The  more  precisely  that  a 
reader’s  primary  field  of  tech- 
nical interest  is  known,  the 
more  closely  it  will  be  possible 
to  cater  to  this  interest. 


TO  MEMBERS  OF  THE  ENGINEERING  INSTITUTE  OF  CANADA, 
even  greater  dividends  will  be  apparent  through  a more  intensive 
program  of  supplying  specific  information  through  publications  and 


conferences. 


I SHOULD  YOUR  QUESTIOlViYAlRE  HAVE  REEX 
f MISLAID,  the  Cireiilatioii  Manager  of  The  En- 


I 


gineering  Journal,  at  30 JO  Mansfield  St.,  Montreal 
2,  will  he  pleased  to  send  you  a replarenient. 
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Branch  News 


A.S.E.E. 

The  new  United  States  Air  Force 
Academy  at  Colorado  Springs  was  the 
site  of  the  70th  Annual  Meeting  of  the 
American  Society  for  Engineering  Edu- 
cation held  June  18  to  22.  More  than 
1000  leaders  of  American  engineering 
education  attended,  as  well  as  18  dele- 
gates from  Canada.  Divisions  of  the  Con- 
ference included  Aeronautical  Engineer- 
ing, International  Engineering  Education, 
Engineering  Graphics,  Technical  Insti- 
tutes and  Engineering  Education. 

A discussion  of  American  participation 
in  engineering  education  in  foreign 
countries  was  presented  by  the  chief 
university  co-ordinator  for  the  United 
States  Peace  Corps.  Several  leaders  in 
international  engineering  education  out- 
hned  phases  of  the  American  aid  pro- 
gram in  this  field,  and  pointed  out  the 
necessity  for  augmenting  it.  Since  most 
under-developed  countries  lack  adequate 
engineeriiig  schools,  their  greatest  need 
is  for  practical  engineers,  new  buildings, 
and  staff. 

A general  session  devoted  to  bio  ■ 
medical  engineering  included  discussions 
from  the  development  of  space  suits  to 
the  investigation  of  various  types  of 
safety  glass  for  windshields. 

A meeting  on  engineering  ethics  was 
held  and  the  progress  on  a case-book  of 
ethical  problems  was  described.  Dele- 
gates expressed  strong  interest  in  the 
Canadian  engineers’  iron  ring  ceremony, 
and  several  leaders  advocated  the  adop- 
tion of  a similar  rite  in  the  United  States. 

Outstanding  engineering  educators 
were  presented  with  awards  at  the  clos- 
ing banquet. 

CENTRAL  B.C. 

A.  F.  Joplin 

One  of  the  outstanding  events  in  the 
1962  program  of  Branch  activities  took 
place  Jime  1 when  the  members  and 
their  guests  from  the  Vancouver  and 
Victoria  Branches  participated  in  an  in- 


spection field  trip  through  the  Rogers 
Pass  area  of  the  Trans  Canada  Highway. 
Ian  Stewart,  District  Engineer  with  the 
Provincial  Department  of  Highways  at 
Revelstoke;  R.  D.  Coates,  of  the  Pubhc 
Works  Department  at  Revelstoke,  and  A. 
F.  Jophn,  Division  Engineer  with  C.P.R. 
organized  this  trip. 

The  party  travelled  in  a car  convoy 
over  Rogers’  Pass.  Drivers  were  briefed 
and  provided  with  maps  indicating  the 
locations  of  works  of  interest,  as  well  as 
areas  from  which  photographs  could  be 
taken.  Inspections  were  made  of  the 
snowsheds  constructed  at  the  western  en- 
trance of  Glacier  Park  by  the  Provincial 
Government,  and  at  Rogers’  Pass  by  the 
Federal  Government. 

A complimentary  lunch  for  the  75  en- 
gineers present  was  served  at  McNamara 
Construction  Company’s  camp  at  Stoney 
Creek.  Following  this,  the  group 
travelled  through  the  Donald  Crossing  of 
the  Columbia  River,  the  last  major  cross- 
ing on  the  Trans  Canada  Highway. 

On  the  return  journey,  the  group  was 
taken  to  the  lookout  on  Mount  Revel- 
stoke where  a marked  map  was  erected 
showing  the  area  to  be  flooded  by  High 
Arrow  Dam. 

A dinner  meeting  was  held  that  even- 
ing at  the  Chalet  in  Revelstoke.  R.  B. 
Styles,  Superintendent  of  Glacier  and 
Revelstoke  National  Parks,  and  R.  Pitta- 
way, Chief  Warden,  spoke  on  the 
organization  of  the  National  Parks. 

The  Canadian  delegation  to  the  Con- 
gress of  the  International  Institute  of 
Welding  held  recently  in  Oslo,  Norway, 
was  headed  by  R.  M.  Gooderham, 
Manager  of  the  Canadian  Welding 
Bureau,  and  Member  of  the  Governing 
Council  of  the  I.I.W.  Five  Canadian 
engineers  participated  in  Commissions 
studying  various  aspects  of  welding.  Dr. 
K.  Winterton  of  the  Department  of 
Mines  and  Technical  Surveys,  served  on 
Commissions  concerned  with  the  be- 
haviom  of  metals  subjected  to  welding 
and  residual  stresses  and  stress  relieving. 


John  Hayward,  of  Dominion  Bridge 
Company,  Limited,  Edmonton,  was  con- 
cerned with  Commission  for  the  testing, 
measurement  and  control  of  welds  and 
the  commission  dealing  with  pressure 
vessels,  boilers  and  pipelines.  Dr. 
Choquet,  an  expert  on  Fatigue  at  Ecole 
Polytechnique  in  Montreal,  worked  with 
the  Commission  on  Fatigue  Testing  and 
in  conjunction  with  Dr.  Winterton.  J. 
Royer,  President  of  Welding  and  Sup- 
plies Limited,  Montreal,  represented 
Canada  on  the  Commission  dealing  with 
Gas  Welding  and  that  concerned  with 
special  arc  welding  processes.  Mr. 
Gooderham  acted  on  Commissions  deal- 
ing with  education  and  the  fundamentals 
of  design  and  fabrication. 

More  than  700  delegates  from  25 
countries  attended  this  Congress. 

HAMILTON 

George  D.  Mahon 

The  Professional  Development  Pro- 
gram sponsored  by  the  Engineering  In- 
stitute of  Canada,  has  been  active  in 
Hamilton  since  1951.  The  objective  of 
this  program  is  to  stimulate  the  en- 
gineer’s interest  and  understanding  of 
topics  outside  his  chosen  field. 

The  Hamilton  Branch  extends  a spe- 
cial invitation  to  engineers  in  the  Hamil- 
ton area,  to  attend  the  courses  which 
started  this  month.  During  the  years, 
the  activities  and  scope  of  the  program 
have  been  expanded  and  improved,  and 
now,  a four-group  graded  program  is  in 
operation. 

While  the  program  is  designed  for  en- 
gineers, other  interested  professional 
people  such  as  architects  and  those  allied 
to  engineering  are  invited  to  inquire  to 
the  program  director.  Registered  en- 
gineers will  be  contacted  by  mail.  Senior 
engineers  are  invited  to  participate  and 
contribute  their  experience.  Inquiries 
should  be  directed  to  the  Program  Direc- 
tor, Mr.  G.  W.  Neal,  516  Lynda  Lane, 
Ancaster,  Ont. 


Meetings  of  Special  Interest  to  E.I.C.  Members 


OCTOBER  22-24 

Joint  CIC-EIC  Chemical  Engineering  Divisional 
Technical  Conference  at  Sarnia 

FALL  OF  1962 

Newfoundland  Regional  Conference 


EARLY  DECEMBER  1962 

Northwestern  Ontario  Regional 
Technical  Conference  at  Fort  William 

FALL  OF  1963 

St.  Maurice  Valley  Regional  Technical 
Conference  at  Grand’Mere 
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This  is  Mr.  Jack  Sexton  of  Montreal.  He  designed  India’s  Kundah  penstocks. 


Jack  Sexton  is  a soft-spoken, 
thoughtful,  deliberate  man.  He 
speaks  with  precision  and  he  moves 
quickly.  He  has  to.  As  Director  of 
Civil  Engineering  for  Montreal  En- 
gineering Company,  Ltd.,  he  is  simul- 
taneously supervising  projects  in 
India,  Ceylon,  Bolivia,  Central 
America,  Venezuela  and  Canada. 

There  isn’t  much  time  for  relaxa- 
tion for  Jack  Sexton.  He’s  an  avid 
reader,  but  has  to  do  most  of  it  on 
planes.  When  he  isn’t  traveling  the 
world,  he  relaxes  by  digging  in  his 
garden,  but  there’s  little  time  for 


The  Kundah  Project  is  part  of  the  Canadian 
aid  program  of  the  Colombo  Plan  Administra- 
tion. In  addition  to  the  two  power  stations,  the 
initial  stage  of  development  includes  four 
large  dams,  three  major  tunnels  totalling 
34,160-ft.,  six  penstocks  totalling  27,800-ft., 
and  1,800-ft.  of  low  pressure  pipe  9 to  11-ft. 
diameter.  Penstock  fabricator  was  Davie 
Shipbuilding,  Ltd.,  Lauzon,  Quebec. 


even  that.  As  director,  his  job  in- 
cludes client  contact,  launching  new 
projects,  preparing  and  supervising 
reports  on  new  jobs.  He’s  been  with 
Montreal  Engineering  since  1934, 
and  in  addition  to  many  other  inter- 
national accomplishments,  has  been 
involved  one  way  or  another  in  the 
design  of  36  rock  or  earth  fill  dams 
with  an  aggregate  volume  of  some 
30,000,000  cu.  yds. 

The  Kundah  Project  presented 
Jack  Sexton  with  a real  challenge. 
Ultimately  five  power  plants  will 
harness  the  Kundah  River’s  power 
and  it  will  rank  among  the  world’s 
major  power  developments.  Two 
plants  are  already  in  operation. 
Power  house  No.  1 utilizes  a 1,177- 
ft.  gross  head  through  two  3,200-ft. 
penstocks;  power  house  No.  2,  a 2,475 
gross  head  through  four  penstocks 
5,445-ft.  long.  Penstock  diameters 
range  from  45  to  63-inches. 

Material  for  the  penstocks  was  one 
of  the  knottier  problems.  The  steel 
had  to  have  great  strength  to  permit 
a very  high  working  stress.  It  would 
thus  permit  design  in  light  enough 
sections  for  transport  from  Montreal 
to  the  State  of  Madras  at  minimum 
shipping  costs.  It  had  to  be  weldable 
without  requiring  stress  relief  to  keep 
fabrication  costs  reasonable.  Above 
all,  this  highly  versatile  material  had 
to  be  available  quickly. 

Jack  Sexton  bad  heard  of  USS 
“T-1”  Steel  and  from  what  he’d 
heard,  suspected  it  might  solve  their 
problems.  He  did  specify  USS  “T-1” 


Steel  and  he  was  able  to  design  the 
penstocks  to  a 40,000  psi  working 
stress,  thereby  creating  the  antici- 
pated savings  in  weight,  fabrication 
and  shipping  costs. 

Extra-strong,  extra-tough  USS 
“T-1”  Steel  was  just  what  he  needed. 
Introduced  by  United  States  Steel 
in  1953,  it  has  been  used  in  many 
other  hydroelectric  applications  such 
as  spiral  cases  and  dam  gates.  (It 
has  since  been  used  in  the  penstocks 
for  Calgary  Power’s  Spray  Project, 
also  designed  by  Montreal  Engineer- 
ing.) USS  “T-1”  Steel  delivers  very 
high  strength  ( 100,000  psi  minimum 
yield  strength) , weldability  without 
the  necessity  of  stress  relief,  and  all- 
weather  toughness. 

The  payoff  of  Jack  Sexton’s  idea? 
They  built  the  Kundah  penstocks  of 
USS  “T-1”  Steel  and,  compared  to 
carbon  steel  design,  reduced  weight 
50%.  It  was  cheaper  to  ship  and 
handle  in  the  rugged  Madras  terrain. 
And  in  field  welding  alone,  each 
pound  of  USS  “T-1”  Steel  saved  40 
compared  to  the  cost  of  welding  and 
stress  relieving  carbon  steel. 

USS  “T-1”  Steel,  like  Jack  Sexton, 
has  an  international  reputation.  It 
has  cut  weight  and  costs  of  pressure 
vessels,  bridges,  mining  and  heavy- 
duty  equipment  around  the  world. 
It  can  do  the  same  for  you.  For  in- 
formation about  its  availability  and 
use,  write  to  United  States  Steel  Ex- 
port Company,  Royal  Bank  Build- 
ing, Toronto,  Ontario.  USS  and 
“T-1”  are  registered  trademarks. 


For  maximum  strength  . . . toughness . ..  safety 


USS 


United  States  Steel  Export  Company 

TORONTO  • MONTREAL  • WINNIPEG  • CALGARY  • VANCOUVER 
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Prepared  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 

BOOK  REVIEW 

DESIGN  OF  WATER-RESOURCE  SYSTEMS. 

Sub-titled  “New  techniques  for  relat- 
ing economic  objectives,  engineering 
analysis,  and  governmental  planning”, 
this  study  investigates  the  engineering, 
economic  and  political  aspects,  and  dis- 
cusses possible  solutions  and  new 
methods  for  handling  the  problems 
which  arise.  (Arthur  Maass  and  others. 
Cambridge,  Harvard,  Toronto,  Saunders, 
1962.  620p.,  $15.00.) 

STRENGTH  OF  MATERIALS,  3rd  ED. 

An  undergraduate  te.xt,  the  aim  of  tliis 
volume  is  to  provide  an  understanding 
of  tlie  principles  of  engineering  design, 
and  indicate  the  shortest  analysis  of  a 
variety  of  problems.  New  examination 
questions  have  been  added.  (G.  H.  Ry- 
der. London,  Cleaver-Hume,  1961. 
340p.,  24/-.) 

*RIPPLE  TANK  STUDIES  OF  WAVE  MOTION. 

The  study  of  ripple  patterns  on  a 
water  surface  is  helpful  in  understanding 
other  forms  of  wave  motion.  This  work 
describes  improvements  which  make  pos- 
sible a reliable  interpretation  of  the 
finer  details  in  photographs  of  a pattern 
of  surface  waves  on  a liquid.  (W. 
Llowarch.  Toronto,  Oxford,  1961.  66p., 
$2.25.) 

“cold  FORGING  OF  STEEL. 

The  practical  aspects  of  cold  forging 
are  covered.  Theory  is  presented  only 
for  the  relatively  simple  backward  and 
forward  extrusion  operations.  (H.  D. 
Feldmann.  London,  Hutchinson,  1961. 
268p.,  40/-.) 

“the  theory  of  SUBSONIC  PLANE  FLOW. 

This  is  a systematic  treatment  of  two 
dimensional  subsonic,  inviscid  fluid  mo- 
tion and  its  aeronautical  applications.  In- 
cluded is  an  e.xtensive  account  of  mixed 
boundary-value  problems.  (L.  C.  Woods. 
Toronto,  MacMillan,  1961.  549p., 

$20.50.) 


DISTILLATION:  PRINCIPLES  AND 
DESIGN  PROCEDURES. 

Although  not  intended  to  be  an  ex- 
haustive literature  survey,  this  volume 
does  contain  e.xtensive  bibliographies.  It 
presents  all  the  information  needed  for 
the  design  of  a distillation  column,  em- 
phasizing the  principles  of  distillation 
and  design  procedures.  (R.  J.  Hengste- 
beck.  New  York,  Reinhold,  1961.  365p., 
$11.50.) 

“profitable  use  of  excavation 

EQUIPMENT. 

This  is  a te.xtbook  being  used  for  the 
courses  in  open-pit  mining,  equipment 
and  equipment  systems  research  in  the 
Mining  Department  at  the  University  of 
Arizona.  Although  not  intended  to  be 
used  as  a “manual”  for  estimating  bid 
costs,  the  fundamentals  as  set  forür  are 
considered  very  valuable  for  the  pur- 
pose. (E.  R.  Drevdahl,  Tucson,  Desert 
Laboratories,  1961.  Various  pagings, 
$10.00.) 

“le  calcul  PRATIQUE  DES  CONSTRUCTIONS 
A INERTIE  VARIABLE. 

This  treatise  on  theory  and  applica- 
tions of  a practical  method  of  analysis 
for  hyperstatic  structures  of  variable 
inertia  includes  a large  collection  of 
tables  and  charts.  Numerous  e.xamples 
help  in  determining  the  easiest  approach 
to  the  tables  and  the  proposed  methods. 
(Pierre  Charon.  Paris,  Eyrolles,  1961. 
777p.,  NF  150.85.) 


THE  ENGINEERING 
INSTITUTE  LIBRARY 

The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library  and  may  be  borrowed 
by  members  of  the  Institute.  Two 
items  may  be  borrowed  at  one 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.rn.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mansfield 
Street,  Montreal. 


“screw  threads DESIGN,  SELECTION, 

AND  SPECIFICATION. 

Detailed  information  is  provided  on 
the  design,  selection,  and  specification 
of  all  types  of  screw  threads,  including 
those  used  for  motion  translating  and 
power  transmission.  The  book  ranges 
from  basic  design  considerations  to  the 
more  complex  situations  involving  I 
fasteners,  translating  screws,  nuts  and 
tapped  holes,  and  special  threaded  com- 
ponents. (R.  V.  MacKenzie.  New  York, 
Industrial  Press,  1961.  198p.,  $10.50.) 

“linear  signal-flow  GRAPHS  AND 
APPLICATIONS.  j 

Written  on  a level  suitable  for  begin- 
ning students,  this  monograph  presup-  i 
poses  a knowledge  of  simple  electronic 
circuits  and  basic  manipulation  rules  in 
matrices  and  determinants.  (Yutze  Chow  I 
and  Etienne  Cassignol.  New  York,  Wiley, 
1962.  144p.,  $6.95.)  |; 

SEMICONDUCTOR  ABSTRACTS,  VOL.  7,  1959.  j, 

The  3,127  abstracts  in  this  volume  i 
refer  primarily  to  papers  which  appeared 
during  1959,  although  some  papers  pub- 
lished earlier  are  included.  This  is  the 
last  volume  to  be  pubhshed  in  this 
series,  which  has  been  sponsored  by  the  * 
Electrochemical  Society,  and  compiled  j 
by  the  Battelle  Memorial  Institute.  (J.  J.  ) 
Bulloff  and  C.  S.  Peet,  eds.  New  York,  i 
Wiley,  1962.  714p.,  $20.00.)  j 

KEMPe’s  ENGINEERS  YEARBOOK,  67tH  ED., 

1962.  ( 

In  this  edition  the  index  has  been  re-  ' 
vised,  the  chapter  on  flow  metering  and  [ 
mechanical  testing  enlarged  and  made  ■ 
into  two,  the  chapters  on  clays  and  ) 
mortars  and  cements  revised  and  com-  ! 
bined  in  one  chapter.  Additional  in-  I 
formation  has  been  included.  (Ed.  by  C. 

E.  Prockter,  London,  Morgan,  1962.  2 ; 

vols.,  95/6.) 

“operations  research  in  production  j 
AND  inventory  CONTROL. 

The  mathematical  theory  and  the  ap- 
plications of  this  theory  to  a variety  of 
actual  inventory  problems  is  developed 
in  a systematic  treatment.  The  biblio- 
graphies are  extensive  and  refer  to  botli 
mathematical  details  and  additional  ap- 
plications. (Fred  Hanssmann,  New  York, 
Wiley,  254p.,  $8.95.) 

(Continued  on  page  91) 


84 


THE  ENGINEERING  JOURNAL  |i|  SEPTEMBER,  1962 


INDUSTRIAL  POLE  TYPE  BUILDINGS  with  Triple  C” 
Brand  Poles  and  Lumber  provide  the  answer  for  quick  expansion  at 
low  cost.  Shown  here  is  a prime  example— a spacious,  versatile  dry 
storage  building,  one  of  three  erected  by  the  owner,  a West  Coast 
lumber  firm.  All  across  Canada,  progressive,  growing  businesses 
are  turning  to  pole  type  construction  with  "T riple  C"  Brand  Pressure 
Treated  Poles  and  Lumber.  Complete  information  from  your  building 
supply  dealer,  or  write  Canada  Creosoting— plants  and  sales  offices 
coast  to  coast  to  serve  you  fast. 


EJ  62-9 


This  coupon  will 
bring  you  complete 
information. 
Literature  will  be 
mailed  to  you, 
without  obligation. 


ccc 


Please  send  me 
information  on 
INDUSTRIAL 
POLE  TYPE 
BUILDINGS 


Name 

Position 

Company 

Address 

City Prov. 


CANADA  CREOSOTING  COMPANY  LIMITED 


1155  DORCHESTER  BLVD.  W.,  MONTREAL,  QUE. 


DIVISION  OF  DOMINION  TAR  & CHEMICAL  COMPANY,  LIMITED 
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Business  and  Industrial  Briefs 

Developments 

Information  contained  in  this  section  has  been  obtained  from  press  releases. 
Mention  of  products  and  services  does  not  imply  endorsement  by  the  Institute. 


THE  JAMES  MORRISON  Brass  Manu- 
facturing Co.  Ltd.,  has  developed  a new 
bronze  rising  spindle  gate  valve  for  the 
plumbing,  heating  and  industrial  trade. 
The  solid  wedge  type  valves  are  recom- 
mended for  pressures  of  up  to  125  lb. 
saturated  steam  or  up  to  200  lb.  for  non- 
shock cold  water,  oil  or  gas.  Constructed 
to  withstand  pressure  and  piping  strains, 
they  are  precision-produced  in  sizes  h 
inch  to  3 inch. 


New  Suction  Box  Covers 

THE  REACON  TESTER,  an  instrument 
for  the  rapid  determination  and  control 
of  reagent  concentration  in  leach  liquors 
and  pulps,  has  been  introduced  by 
Measurement  and  Control  Engineering 
Limited,  Scarboro,  Ont.  The  instrument 
is  for  use  primarily  in  leach  plants 
where  metal  is  extracted  from  ore.  It 
measures  and  records  concentration  as 
well  as  adjusting  the  rate  at  which  the 
reagent  is  added  to  the  slurry  in  order  to 
keep  the  conductivity  constant.  The 
probe  is  essentially  maintenance-free  as 
the  electrical  components  are  com- 
pletely isolated  from  the  fluid  being 
analyzed.  There  is  no  need  to  filter  the 
slurry.  The  electrical  controls  are 
mounted  in  a sealed  cabinet  which  pro- 
tects the  unit  from  corrosive  fumes.  The 
entire  instrument  is  temperature  compen- 
sated and  has  a sensitivity  of  .05  grams/ 
litre  of  lime  to  a cyanide  solution  or  .5 
grams/litre  of  caustic  soda  to  an  alkaline 
solution. 


Machine  Time  Caleulators 

MACHINING  TIME  CALCULATORS 
which  provide  a simple  method  for 
determining  consistent  machining  times 
has  been  announced  by  Manresa  De- 
velopments Corporation,  Montreal.  Be- 
cause of  their  ease  of  operation,  the 
calculators  are  ideal  for  determining  the 
efficiency  of  machine  operation.  Each 
calculator  is  in  the  form  of  a circular 
slide-rule  which  incorporates  a section  j 
to  determine  the  actual  cutting  time; 
a section  to  provide  setting-up  time;  and 
other  sections  to  determine  the  loading 
and  manipulating  times. 


ATLAS  COPCO  Canada  Ltd.  has  in- 
troduced a new  process  for  sharpening 
rock  drill  bits  and  integral  drill  steels. 
The  process,  known  as  “Copcotron”, 
uses  spark  erosion.  The  chief  components 
of  the  system  are:  a form-fitting  elec- 
trode, a servo  system,  a motor,  a pump 
and  an  oil  tank.  To  operate,  the  rack 
of  bits  is  positioned  with  cutting  faces 
close  to  the  form-fitting  electrodes;  both 
inserts  and  electrodes  are  immersed  in 
an  oil  bath.  When  the  power  comes  on, 
the  spark-erosion  process  begins. 

The  Copcotron 


Rising  Spindle  Gate  Valve 

A NEW  COMPOSITION  of  polyurethane 
for  use  by  the  pulp  and  paper  industry 
for  suction  box  covers  has  been  an- 
nounced by  Pulp  & Paper  Mill  Acces- 
sories Ltd.  The  high-impact  material, 
“LPT  4”,  has  low  .030  coefficient  of 
friction,  excellent  abrasion  resistance, 
hardness  of  75  on  the  Shore  D scale  and 
dimensional  stability  preventing  any 
distortion  under  normal  operating  tem- 
peratures. “LPT  4”  does  not  require 
reinforcement.  It  possesses  very  good 
machining  properties  and  can  be  re- 
surfaced by  equipment  currently  in  use. 


THE  FIRST  electronically  controlled 
concrete  batching  plant  in  British  Co- 
lumbia is  now  in  operation  at  Decks 
McBride’s  Main  Street  facility,  Van- 
couver. The  modernized  plant  is  remotely 
controlled  from  an  adjacent  tower  by 
an  electronic  batching  console.  The  op- 
erator selects  from  pre-set  formulas  and 
remotely  controls  batching  and  dumping 
cycles,  moisture  compensation,  batch 
proportion  and  other  operations.  The 
plant  produces  concrete  maintaining  ex- 
act formulas  from  batch  to  batch.  |j| 

Batching  Plant 


ERRATA 

In  the  May  issue  of  the  Engi- 
neering Journal  it  was  reported 
in  error  that  David  Brown  (Can- 
ada) Limited  of  Toronto  had 
introduced  a series  of  silicone/ 
aluminum  paints.  David  Brown 
(Canada)  Limited  manufacturers 
agricultural  tractors  and  machin- 
ery. We  regret  this  error  and 
apologize  for  any  inconvenience 
or  embarrassment  it  may  have 
caused. 
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I MODERN  MEDICAL 
SERVICES  FOR  A 
EALTHIER  YARMOUTH 


Complete  with  every  latest  facility,  the  new  165- 
bed  Yarmouth  Regional  Hospital  stands  ready 
to  provide  the  people  of  Yarmouth  and  outlying 
areas  with  the  best  of  modern  medical  care.  The 
hospital  is  of  fireproof,  concrete-and-brick  con- 
struction. Operating  rooms,  laboratories,  X-ray 
rooms  and  pathological  facilities  are  fully  equip- 
ped. Kitchen,  cafeteria  and  laundry  are  housed 
in  the  basement  and  sub-basement  areas. 

For  the  new  Yarmouth  Hospital’s  exacting  re- 
quirements in  essential  heating  and  plumbing 
Jenkins  valves  were  installed.  Where  outstanding 
service  is  required,  you  can  expect  to  find  famous 
Jenkins  valves  — in  buildings  of  every  size  and 
purpose.  Jenkins  Bros.  Limited,  Lachine,  Que. 


Architect:  Edward  J.  Turcotte 
Consulting  Engineers:  McDougall  & Friedman 
General  Contractor:  Kenney  Construction  Co.  Ltd. 
Mechanical  and  Electrical  Contractors:  Roy  V.  Germain  Ltd. 


Battery  of  Jenkins  valves  controlling  the  new 
Yarmouth  Regional  Hospital  heating  system. 


SOLO  THROUGH  LEADING  DISTRIBUTORS  EVERYWHERE 


JENKINS 

VALVES 
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THE  LEARNED  SOCIETY  - THE  LIFETIME  UNIVERSITY 


Glenn  B.  Warren,  Pesident  of  the  American  Society 
of  Mechanical  Engineer,'-,  at  an  address  in  St.  Louis  at  the 
Semi-Annual  Meeting  in  1959,  stated  that  . a profes- 
sional man  is  one  with  a special  body  of  knowledge  and 
understanding  toward  which  he  feels  three  compulsions:  to 
use  it  in  the  pubhc  interest,  to  add  to  it  by  his  own 
efforts,  and  to  teach  this  knowledge  and  understanding  to 
his  contemporaries  and  to  the  coming  generation”. 

“These  are  the  characteristics  which  have  always  set 
the  professional  man  off  from  the  business  man,  the  trades- 
man and  the  worker.  Society  will  not  long  withhold  its 
recognition  of  our  position  when  the  majority  of  engineers 
hve  up  to  these  compulsions.  We  have  the  obligation  to 
do  so. 

“Active  participation  in  all  phases  of  a professional 
engineering  society’s  activities  ...  is  one  of  the  most 
effective  the  individual  engineer  has  of  implementing  his 
obhgation  and  realizing  his  opportunities.” 

Referring  to  the  seething  political  unrest  and  longing 
for  a better  life  and  health  on  the  part  of  the  world’s 
underprivileged  billions,  Mr.  Warren  drew  attention  to  the 
great  opportunities  and  obligations  before  the  engineer, 
noting: 

“In  this  conflict  all  our  instincts,  desires  and  prayers 
are  for  a peaceful  world  in  which  we  can  turn  oiu-  talents, 
training  and  experience  toward  making  this  world  a better 
place  for  men  of  all  nations  to  dwell.  But  if  the  future 
holds  a continuation  of  the  struggle  for  existence  and  the 
survival  of  the  fittest  on  a national  scale,  the  engineer’s 
obligation  is  clear,  to  exert  the  utmost  effort  to  see  tliat 
the  forces  of  freedom  and  the  dvihzation  of  the  west  are 
enduring  — and  rest  assured  that,  unless  the  diplomats 
and  statesmen  can  avert  the  conflict,  the  results  -will 
depend  on  the  results  of  our  contest  in  the  field  of  science 
and  engineering. 

“An  obvious  imperative  is  to  give  more  attention  to 
the  excellence  and  adequacy  of  our  children’s  and  our 
grandchildren’s  education,  not  only  along  scientific,  but 
cultural,  economic  and  sociological  lines  as  well.  We  need 
to  see  these  youngsters  are  all  challenged  to  the  limit  of 
their  abihty,  but  particularly  we  should  see  that  those 
with  talent  — children  of  whom  much  is  to  be  expected 
— are  encouraged  and  challenged  to  tlie  Hmit  of  their 
capacity. 

“We  engineers  should  know  that  the  current  problem 
of  insufficient  teachers,  insufficiently  trained  teachers,  and 
underpaid  teachers,  can  only  be  solved  by  the  same  en- 
gineering techniques  by  wliich  these  same  problems  have 
been  solved  in  the  factory,  on  the  farm,  in  the  mine,  in 
the  oil  field;  namely  by  giving  the  workers  — in  this  case, 
the  teachers  — better  tools  so  as  to  increase  tlieir  effective- 
ness. Tliis  means  more  modern  buddings,  better  books, 
effective  and  adequate  educational  TV,  and  educational 
movies  whereby  whole  courses  are  taken  over  by  these 
modern  aids,  but  -with  the  teacher’s  help,  co-operation 
and  leadership.  We  know  these  techniques  have  worked 
before.  They  can  be  made  to  work  here.  We  engineers 
can  help.” 

Recently  the  ECPD  Committee  on  Development  of 
Young  Engineers  called  attention  to  the  need  for  after- 
college professional  development  of  the  young  engineer, 
stating: 

“Engineers  are  costly  for  society  to  produce.  They 
are  expensive  to  maintain.  Their  output  is  important  to 
our  continued  growth,  to  our  high  standard  of  hving,  and 
in  these  times,  particularly,  to  the  safety  of  our  country. 
It  is  most  important  that  this  valuable  resource  be  used  to 
its  maximum. 

“The  process  by  which  a young  engineer  is  effectively 
fitted  to  a job  can  be  a short  one  or  a long  one  but,  in 
any  case,  it  involves  three  steps:  (1)  finding  the  job, 
(2)  learning  tlie  job,  and  (3)  growing  in  the  job. 


“Finding  the  right  job  needs  attention.  Because  ofj 
the  rapid  development  of  science  the  problems  of  adaptingj 
a particular  capability  to  a particular  task,  both  of  whichj 
are  changing  rapidly,  is  formidable.  Learning  the  job  afterj 
one  gets  it  may  be  routine  but  keeping  up  is  not.  Someonej 
has  said  that  the  half-life  of  an  engineer’s  education  is 
15  years.  If  this  is  true,  the  technical  deterioration  of  a' 
man’s  education  is  at  the  rate  of  3%  a year.  If  we  are  not' 
to  lose  this  technical  capability,  a constant  effort  mustj 
be  made  to  keep  our  people  abreast  of  the  times  and! 
also  working  on  those  jdbs  for  which  they  continue  to| 
be  best  fitted.  Tliis  effort  must  not  be  left  to  chance  or 
made  exclusively  dependent  on  good  motivations  or  the 
judgment  of  our  young  engineers,  but  it  must  also  be 
purposely  planned  and  purposely  fostered  by  responsible 
executives  in  industry,  professional  organizations  and 
colleges.” 

Recently,  in  “A  Challenge  to  Engineering  Manage- 
ment”, by  G.  A.  Hawkins,  Dean  of  Engineering  at  Purdue 
University,  which  was  published  in  Mechanical  Engineer-! 
ing  for  November,  1959,  Dean  Hawkins  said: 

“During  the  period  of  from  one  to  approximately  | ) 
five  years  after  commencement,  young  men  often  feel  [ 
that  their  programs  of  study  should  have  included  much 
more  in  the  way  of  practical  courses  such  as  drafting,  1 . 
skill  in  programming  and  so  on.  With  a formdation  of  j 
this  type,  they  feel  they  could  have  started  off  immediately  ( 
solving  the  day-by-day  problems  confronting  them  in  in-| 
dustry.  i 

“The  second  group  consists  of  those  who  have  been  | 
out  of  college  five  to  15  years.  These  graduates  feel  that  | 
they  should  have  had  many  more  courses  in  mathematics,  ! 
physics,  chemistry,  and  the  engineering  sciences,  as  they  ; 
need  this  type  of  information  for  solution  of  difficult  ' 
engineering  problems.  j 

“The  third  group,  having  been  out  of  school  15  to 
25  years,  have  become  engaged  in  management  and  ad- 
ministration. In  expressing  their  opinions,  they  feel  that 
they  should  have  been  given  many  courses  in  organization, 
public  speaking,  labor  relations,  finance,  life  insurance, 
retirement  programs,  budgeting,  stocks  and  bonds,  and 
investments.  j 

“'The  fourth  group  consists  of  those  who  have  been  j 
away  from  college  for  approximately  25  years  or  more,  j 
Those  in  this  class  who  return  appear  very  disappointed  j 
that  few  of  their  coiuses  were  devoted  to  the  fine  arts,  | 
music,  hterature,  grammar  and  foreign  cultures.  These  ! 
are  the  areas  in  which  they  feel  deficient  when  talking  j 
to  their  contemporaries  and  when  travelling.  I 

“It  would  not  be  possible  for  an  engineering  student  | 
to  acquire,  in  a four  or  five-year  program,  a knowledge  i 
of  present-day  practice,  a strong  foundation  in  the  en-  !i 
gineering  and  physical  sciences,  a broad  education  for  ! 
management,  and  an  appreciation  for  the  arts,  literature,  I 
and  music.  ! 

“Those  engineering  graduates  who  adopt  a philosophy  j 
of  lifelong  learning  during  the  course  of  their  professional  ] 
career,  ultimately  acquire  this  type  of  total  education,  j 
— I fear  that  many  of  those  who  complain  have  not  j 
chosen  to  regard  learning  as  a hfelong  process,  and  that  | 
they  are  not  or  have  not  been  willing  to  put  forth  the  i 
necessary  effort  required  by  the  adoption  of  such  a | 
philosophy.  j 

“One  of  the  most  important  elements  in  the  lifelong 
education  of  the  engineer  is  the  recognition  by  the  in- 
dividual that  learning  is  self-discipline.  Unless  one  has 
the  desire  to  extend  his  knowledge,  no  amount  of  outside 
help  will  affect  the  end  result.” 

As  a learned  society,  your  Institute  stands  ready  at 
all  times  through  Branch  activities  and  technical  meetings, 
through  committee  -work  and  the  interchange  of  ideas. 
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to  assist  you  in  what  we  hope  will  be  your  lifelong  quest 
to  not  only  continue  your  education  so  that  you  are  a 
better-qualified  professional  engineer,  better  able  to  serve 
the  public,  but  that  you  will  also  contribute  to  that  dis- 
semination of  professional  knowdedge  which  is  so  helpful 
to  your  fellow'  engineers  and  to  the  profession. 


• Library  Notes  (Continued  from  page  84) 

TECHNIQUE  DE  l’eMPLOI  DES  HELAIS  DANS 
LES  MACHINES  AUTOMATIQUES. 

The  aim  of  this  text  is  to  enable  those  not  familiar  with 
commutation  to  understand  electrical  diagrams.  As  might 
be  expected,  the  book  is  well  illustrated  with  many 
diagrams.  (Claude  Polgar.  Paris,  Eyrolles,  1961.  335p., 
63.85  NF.) 

"foundations  of  structures,  2nd  ed. 

This  text  considers  the  exploration  of  soils,  reviews  some 
of  the  principles  of  foimdation  action,  and  studies  the 
design  of  isolated  and  combined  footings,  foundation  walls, 
mats,  foundations  subjected  to  overturning,  pile  founda- 
tions, cofferdams,  caissons,  bridge  piers  and  abutments, 
underpinning  of  structures,  and  machinery  foundations. 
This  edition  contains  additional  data  as  well  as  a revision 
of  the  earlier  text.  (C.  W.  Dunham.  Toronto,  McGraw-Hill, 
1962.  722p.,  $14.95.) 

"mechanical  estimator’s  guide,  2nd  ed. 

This  manual  for  the  air  conditioning  industry  attempts 
to  take  cost  estimating  out  of  the  realm  of  the  personal 
notebook.  Some  thirty  tables  cover  recommended  dimen- 
sions, gages,  and  materials,  as  well  as  conversion  factors 
and  selection  guides.  (John  Gladstone.  Miami,  Technical 
Guide  Publications,  1961.  152p.,  $7.95.) 


"photochemistry  of  air  pollution. 

By  correlation  and  analysis  of  existing  information  this 
book  provides  a backgroimd  for  the  study  of  photochemical 
processes  which  may  convert  relatively  innocuous  pollutants 
into  substances  which  are  nuisances  and  hazards.  (P.  A. 
Leighton.  New  York,  Academic,  1961.  300p.,  $9.00.) 


"introduction  to  hypersonic  flow. 

This  translation  of  a 1959  Soviet  text  provides  an  intro- 
duction to  the  fundamentals  of  inviscid  hypersonic  flow 
theory  and  to  the  most  important  methods  of  caleulating 
ideal  gas  flows  at  hypersonic  speeds.  An  extensive  reference 
list  of  almost  two  hundred  Soviet  and  Western  publications 
is  made  particularly  useful  by  the  inelusion  of  referenees 
to  English  translations  for  most  of  the  Russian  works.  (G.  G. 
Ghernyi.  Trans,  and  ed.  by  R.  F.  Probstein,  New  York, 
Academic,  1961.  262p.,  $8.00.) 


MECHANICAL  HANDLING  DIRECTORY. 

This  British  directory  has  been  produced  by  the  periodi- 
cal Mechanical  Handling.  The  first  section  of  the  directory 
is  a classified  guide  to  the  manufacturers  of  almost  400 
items  of  equipment.  Other  sections  include  a lisd  of  pro- 
prietary names,  and  an  alphabetical  listing  of  companies. 
(London,  Iliffe  for  Mechanical  Handling,  1962.  440p., 
42/-.) 

(Continued  on  page  104) 


Can  IDB  help 


finance  your 
business  ? 


TELLS  YOU  HOW 


If  you  are  engaged  in  a business — or  if  you  plan 
to  start  one — and  required  financing  is  not  avail- 
able elsewhere  on  reasonable  terms  and  conditions, 
you  are  invited  to  discuss  your  needs  with  the 
Industrial  Development  Bank.  IDB  can  provide 
financial  assistance  to  almost  any  typie  of  enter- 
prise and  for  a variety  of  business  purposes. 

For  further  information,  write  for  this  descriptive 
booklet,  visit  an  IDB  office,  or  consult  your 
auditor,  lawyer  or  chartered  banker. 


INDUSTRIAL  DEVELOPMENT  BANK 

Regional  Offices:  ST.  JOHN'S,  Nfld.  • HALIFAX,  N.S.  • SAINT  JOHN, 
MONCTON,  N.B.  . QUEBEC,  TROIS  RIVIERES  MONTREAL,  P.Q. 
OTTAWA,  TORONTO,  HAMILTON,  WATERLOO,  LONDON,  SUDBURY, 
PORT  ARTHUR,  Ont.  . WINNIPEG,  Man.  . REGINA,  SASKATOON, 
Sask.  . CALGARY,  EDMONTON,  Alta.  . VANCOUVER,  VICTORIA,  B.C. 
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Employment  Service 

THE  ENGINEERING  INSTITUTE  OF  CANADA 

This  service  is  operated  for  the  benefit  of  members  of  the  Engineering 
Institute  of  Canada  and  for  organizations  employing  engineers. 


SITUATIONS  WANTED 

Adveitisements  are  inserted  free  of  charge  for  members  of  all  classes.  Maximum 
length  is  60  words,  and  repeat  insertions  must  be  separately  requested  in  writing 
far  each  desired  appearance. 

SITUATIONS  VACANT 

Rate:  Six  dollars  per  column-half-inch  per  insertion. 

Replies  to  advertisements  should  be  addressed  to  the  file  number.  Employment 
Service,  2050  Mansfield  Street,  Montreal.  Interviews  with  the  Employment  Service 
may  be  arranged  by  calling  VI  2-8121  at  the  above  address. 


SITUATIONS  WANTED 


ELECTRICAL  ENGINEER  — B.Eng.  ’55, 
P.Eng.  (Que.),  M.E.I.C.,  desires  position 
commensurate  with  the  following  experi- 
ence; 7 years  diversified  experience  in 
generation,  transmission  and  distribution 
with  both  a large  public  utility  and  a 
small  private  one.  Experience  includes 
maintenance  of  existing  equipment  plus 
design  and  construction  of  new  or  ex- 
tension facilities.  No  location  preference 
— presently  located  in  Quebec.  File  No. 
6099-E. 


METALLURGICAL  ENGINEERING  STU- 
DENT, S.E.I.C.,  age  25.  Desires  position 
with  potential  growth.  Junior  year  N.S.- 
T.C.  (minus  one  subject)  completed. 
Senior  year  mineral  dressing  and  ferrous 
metallurgy  courses  completed.  Experience 
— ore  research,  mill  maintenance,  sales. 
Will  locate  anywhere,  including  isolated 
area,  immediately.  File  No.  218-S/Met. 


MECHANICAL  ENGINEER,  A.M.I.MECH.- 
E.,  P.Eng.,  age  34,  married,  2 children. 
Experienced  in  development  and  produc- 
tion of  electro-mechanical  and  mechanical 
units  associated  with  electronics  industry. 
14  years  in  England,  5 years  in  Canada, 
including  3 years  proven  supervising  ex- 
perience of  large  drafting  office.  At  pres- 
ent engaged  on  product  design.  Seeks 
senior  position  in  industry  offering  ad- 
vancement in  the  Montreal  area.  File  No. 
324-M. 


ENGINEER,  First  Class  Hons.  B.Sc.  (1947), 
age  35.  15  years  diversified  experience  in- 
cluding gas  turbines,  aerodynamics,  air- 
craft control,  servos,  analog  computation, 
electronic  systems,  supervision  of  engi- 
neers. Willing  to  relocate.  File  No.  323-M. 


ELECTRICAL  ENGINEER,  M.E.I.C.,  B.Sc. 
1950,  P.Eng.,  age  35,  single.  4 years  ex- 
perience in  electrical  maintenance,  pro- 
tective relaying,  testing  and  reports  in 
industry;  1 year  teaching,  and  1 year  sub- 
station design.  Desires  position  as  design 
or  plant  engineer  in  industry.  Located 
Prairie  Province.  File  No.  322-E. 


CIVIL  ENGINEER,  A.M.E.I.C.,  B.Sc. 
(U.N.B.  1959),  D.I.C.  (1963),  Ph.D.  (1963) 
(Soil  Mechanics,  London),  recipient  of 
Atblone  Fellowship  and  the  Special  Schol- 
arship of  the  N.R.C.  Age  26,  married,  no 
family.  6 summers  experience  with  con- 
sulting firms  (2,  hydro-electric  projects — 
4,  supervision  and  control  of  materials 
laboratory).  Seeks  position  with  challenge 
and  opportunity  in  Soil  Mechanics/Foun- 
dations  field.  Will  locate  anywhere  in 
world.  Availa’ole  July  1963.  File  No.  318-C. 


MECHANICAL  ENGINEER  desires  posi- 
tion in  senior  sales  or  sales  management. 
12  years  experience  in  pumps,  heat  ex- 
changers, power  plant  equipment,  pack- 
aged sewage  plants,  budgets  and  esti- 
mates, industrial  sales  experience,  ad- 
ministrative experience,  contacting  con- 
sulting engineers.  Location  Montreal.  File 
No.  321-M. 


CIVIL  ENGINEER,  M.E.I.C.,  P.Eng.,  age 
40,  married.  Desires  administrative  posi- 
tion where  Civil  engineering  background 
of  benefit  in  management.  16  years’  ex- 
perience mostly  in  tropics;  10  years  proj- 
ect engineer  in  field  and  office  on  con- 
struction and  maintenance  of  roads,  build- 
ings, flood  control,  land  reclamation;  6 
years  senior  administrative  experience  as 
client’s  engineer  and  as  client.  Preferably 
Toronto  area  location.  File  No.  320-C. 


GEOLOGICAL  ENGINEER  PETROGRA- 

PHER,  P.Eng.,  age  under  30,  Canadian.  Ex- 
perienced in  surface  geology,  gravel  and 
ground  water  location,  decorative  stones, 
soils,  highway  construction,  design  and 
subsurface  rocks,  exploration,  testing, 
drilling  holes,  core  examination,  grouting. 
Will  accept  position  either  full  or  part 
time.  Married,  no  children.  Free  to  travel. 
File  No.  319-Min. 


MECHANICAL  ENGINEER,  M.E.I.C.,  P. 

Eng.  (Ont.),  age  37,  married,  2 children, 
presently  residing  in  Ontario,  desires  pro- 
gressive position  in  the  Maritimes  or 
Province  of  Quebec.  Supervisory  and  ad- 
ministrative experience  in  project  co- 
ordination, inspection,  design,  specifica- 
tions and  standards.  Wide  practical  and 
theoretical  knowledge  of  plant  equip- 
ment, machinery,  materials  of  construc- 
tion, etc.  Past  experience  includes  petro- 
chemical plants  and  manufacturing  engi- 
neering. File  No.  317-M. 


CIVIL  ENGINEER  — M.E.I.C.,  P.Eng. 

(Que.),  age  43,  married  bilingual,  10  years’ 
broad  experience  in  concrete  design  and 
technology,  lightweight,  heavyweight  con- 
crete, préfabrication  of  structural  and 
architectural  units,  bridges  etc.,  seeks 
employment  with  manufacturer,  consult- 
ing engineer,  or  architect,  with  eventual 
partnership.  File  No.  316-C. 

CIVIL  ENGINEER  — B.Sc.  (London), 
A.M.I.C.E.,  seeks  appointment  in  Canada. 
Age  36.  Four  years  roads  and  bridges, 
three  years  crane  structures  research, 
four  years  lecturing  (materials  and  struc- 
tures). Now  with  West  African  Building 
Research  Institute  (concrete  and  timber 
structural  research,  materials  testing  and 
advisory  service).  Desires  appointment  in 
materials  testing  and  control,  structural 
design,  or  research.  Available  October 
1962.  File  No.  315-C. 


MECHANICAL  ENGINEER,  M.E.I.C.,  G I 
Mech.  E.,  B.Eng.  N.S.T.C.  1954,  Athlone 
Fellow  1954-56.  Age  29,  married.  3 years’ 
experience  designing  nuclear  experimen- 
tal equipment  in  Canada.  3 years’  super- 
vision of  equipment  design  and  develop- 
ment of  basic  designs  for  nuclear  power 
stations  in  England.  Canadian  citizen  re- 
turning end  of  September  1962.  Seeks  re- 
sponsible position  in  mechanical  design  or 
project  work.  Complete  resume  on  re- 
quest. File  No.  294-M. 

MECHANICAL  ENGINEER,  M.E.I.C.,  G.I. 
MECH.E.  Age  33.  Married,  1 child.  Seeks 
position  as  Production  Engineer,  Manufac- 
turing Engineer,  Tool  Engineer,  or  other 
supervisory  position  in  manufacturing.  17 
years  diversified  experience  in  industry, 
shop  work,  drafting,  tool  design,  product 
design  and  development,  machine  design, 
estimating,  methods,  equipment  selection 
and  purchase,  budgetary  and  cost  control, 
supervisory  and  administrative  experience. 
Preferred  location,  Ontario.  File  No.  277-M. 

STRUCTURAL  ENGINEER.  A.M.E.I.C. 
Athlone  Fellow,  B.Sc.  (U.N.B.)  1960. 

Diploma  of  Imperial  College  1961  in  Con- 
crete Structures.  Presently  investigating 
the  inelastic  properties  of  reinforced  con- 
crete for  M.Sc.  (London).  Available  Jan- 
uary 1963.  Age  23,  married.  Willing  to 
work  anywhere  in  Canada.  Desire  posi- 
tion in  a design  company  offering  experi- 
ence in  reinforced  and  prestressed  con- 
crete. File  No.  273-Str. 


SITUATIONS  VACANT 


CIVIL 


HIGHWAY  RESEARCH  — CIVIL  ENGI- 
NEER, preferably  with  M.Sc.  in  Highway 
Engineering  or  Soil  Mechanics,  to  con- 
duct research  Into  the  physical  properties 
of  paving  materials,  and  the  design  and 
evaluation  of  pavements.  Current  studies 
include  the  stabilization  of  soils  and  in- 
vestigations into  the  performance  and 
behaviour  of  pavements  in  service.  The 
work  is  within  the  Highway  Research 
Division,  as  part  of  the  Alberta  Joint 
Highway  Research  Programme.  Salary — 
$540,0-$6900  (Jr.  Research  Officer  II)  de- 
pending upon  qualifications.  Please  submit 
complete  resume  on  first  reply  to  Indus- 
trial Engineering  Services,  Research 
Council  of  Alberta,  87th  Avenue  & 114th 
Street,  Edmonton,  Alberta. 


CIVIL  ENGINEER  — A national  associa- 
tion with  headquarters  in  Ottawa  requires 
an  engineer  interested  in  all  aspects  of 
highway  research  and  development.  Can- 
didates should  have  a special  aptitude  for 
the  writing  of  reports  and  technical  cor- 
respondence. Salary  — $5,000  to  $6,000. 
Applications  or  enquiries  for  further  in- 
formation. File  No.  234-V. 


CHEMICAL 


CHEMICAL  ENGINEER  — Preferably  one 
who  has  had  experience  in  operating  high 
temperature  vinyl  coating  ovens.  Top 
salaries  for  the  above  positions.  Excellent 
opportunity  for  advancement.  Fringe 
benefits.  Apply,  with  full  references,  to 
File  No.  240-V. 
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DFEPl^TIlSrO  OOSTS  OF  ^ISTY  OOIÆFFESSOFI  LUSTE 


Check  any  of  the  factors  that  boost  operating  costs  on  standard  equipment 
— the  comparison  shows  Holman  Rotairs  miles  ahead!  Only  moving  parts 
in  these  modern  rotary  screw  compressors  are  four  bearings  and  two  rolhng 
engagement  rotors.  No  metal-to-metal  contact  between  rotors  or  rotors 
and  casing  means  parts  wear  is  no  problem  at  all.  Oil  you  change  only 
every  3000  hours,  and  any  other  maintenance  you  can  forget. 

Quiet-running  Rotairs  are  practically  vibration-free — install  on  any  normal 
sohd  surface  or  floor,  no  special  foundations  needed.  For  temporary 
locations,  skid-mounted  Rotairs  are  available. 


HOLMAN  BROS.  (CANADA)  LTD. 

97  KENT  AVENUE,  KITCHENER,  ONTARIO 

Branches:  Sydney,  Montreal,  Toronto,  Timmins,  Vancouver 

Agents:  British  Columbia  — Canadian  Car  (Pacific)  Limited,  Vancouver  • Alberta  — 
Pi^ves  Ritchie  Ltd.,  Edmonton  and  Calgary  • Manitoba  — City  Machinery  Company 
Ltd.,  Winnipeg  • Ontario  — Capital  Construction  Equipment  Co.,  Toronto  and 
Hamilton  . Quebec  — H & C Equipment  Co.,  Montreal  • Nova  Scotia  — W.  N.  White 
& Co.,  Halifax  • Newfoundland  — A.  H.  Murray  & Co.,  Limited,  St.  Johns. 
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ENSINEERING  EDUCATION 
IN  CANADA 

Laval  University 

With  a student  body  of  1,200  spread 
over  12  departments  and  a teaching  staff 
of  155,  of  whom  98  are  full  time,  the 
Faculty  of  Science  has  experienced  a 
phenomenal  development  since  its  founda- 
tion in  1937. 

It  is  an  outgrowth  of  the  “Ecole  Su- 
périeure de  Chimie”,  first  institution  of 
higher  learning  in  the  field  of  science  at 
Laval.  Created  in  1920  for  the  training  of 
professional  chemists,  this  School  was  to 
occupy  for  15  years  an  isolated  building 
near  the  Quebec  City  limits.  A rather  small 
student  body  was  then  in  attendance;  the 
staff  of  six  professors  understood  at  once 
the  great  importance  of  a thorough  training 
in  mathematics  and  in  the  basic  sciences, 
rather  than  one  limited  to  narrow  profes- 
sional requirements. 

Such  an  approach  provided  a solid  foun- 
dation which  called  for  a healthy  expan- 
sion, and  it  soon  proved  to  be  most  fruitful. 
Indeed,  through  the  helpful  guidance  and 
dynamic  efforts  of  Mr.  A.  Pouliot,  an  engi- 
neer among  the  original  six  professors  and 
Dean  of  the  Faculty  from  1939  until  1956, 
the  scope  of  the  first  School  was  consider- 
ably expanded  by  the  addition,  in  1937, 
of  the  “Ecole  des  Mines,  de  la  Géologie 
et  de  la  Métallurgie”.  Thus  came  into  being 
the  Eaculty  of  Science  which  was  to  pro- 
vide for  the  training  of  engineering  students 
at  Laval.  By  that  time  the  student  body 


had  reached  37,  more  than  half  of  them  in 
first  year  engineering.  The  number  of  pro- 
fessors was  up  to  12  full-time  and  six  part- 
time. 


As  the  rate  of  development  started  grow- 
ing and  gathering  speed,  a second  building 
was  added,  mostly  for  engineering  students. 
One  department  after  another  was  formed, 
taking  into  account  such  divergent  factors 
as  the  financial  means  available  and  the 
ever  growing  number  of  students  leaving 
after  their  second  year  to  complete  else- 
where their  studies  in  branches  of  engineer- 
ing not  yet  available  at  Laval. 

After  the  original  engineering  depart- 
ments of  mining  and  metallurgy,  dating 
back  to  1937,  the  others  came  into  being 
as  follows: 


Chemical  Engineering 
Electrical  Engineering 
Geological  Engineering* 
Civil  Engineering 
Mechanical  Engineering 
Engineering  physics* 


1940 

1942 

1945 

1950 

1954 

1957 


(*Not  as  a separate  department.) 


At  one  point  in  this  period  of  develop- 
ment, in  1945-46,  the  Silver  Jubilee  of 
“Ecole  Supérieure  de  Chimie”  was  the 
occasion  for  a thorough,  University- wide 
stock-taking.  The  staff  of  the  Eaculty  had 
then  increased  to  73,  of  whom  30  were 
part  time,  and  the  student  body  of  370 
occupied  space  which  had  been  planned  for 
only  three  hundred.  The  future  needs  of  the 
Eaculty  were  not  only  apparent  but  they 
were  looming  as  an  obvious  problem  and 
burden  for  the  University,  considering  the 
extensive  developments  it  had  to  face  in 
other  Faculties  as  well. 

Looking  boldly  at  the  future  it  was 


realized  that  the  only  logical  solution  was 
to  move  progressively  the  whole  University 
to  a completely  new  campus,  over  a mile 
square,  beyond  the  city  limits.  Once  the 
decision  to  implement  such  a move  was 
taken,  it  meant  that  all  future  expansion 
was  to  take  place  on  the  new  campus,  bar- 
ring any  measures  which  would  have  been 
taken  normally  to  expand  on  the  site  of 
already  existing  buildings.  Yet,  develop- 
ments at  the  Faculty  in  the  following  years 
kept  taking  place  and  new  departments 
were  added,  with  the  result  that  all  facilities 
were  strained  to  a point  such  that  the  basic 
minimum  requirements  were  threatened  un- 
less urgent  measures  were  taken. 

Some  relief  was  obtained  by  moving  stu- 
dents in  first  and  second  year  to  temporary 
quarters  on  the  new  campus  for  their  lec- 
tures. Still,  overcrowding  presented  more 
and  more  of  a problem  as  the  number  of 
students  in  the  last  three  years  kept  in- 
creasing and  requirements  for  research  ac- 
tivities were  expanding.  In  this  field  alone 
there  are  at  present  59  graduate  students 
in  engineering,  46  of  them  working  toward 
a Master’s  degree  and  13  toward  a Doctor’s. 

A solution  to  the  problem  came  in  a 
long  hoped-for  announcement  made  almost 
three  years  ago.  The  Faculty  of  Science 
was  to  be  provided  with  two  large  buildings 
designed  to  accommodate  over  2,000  stu- 
dents. They  have  been  a-building  for  over 
two  years  now  and  are  nearing  completion. 
The  accompanying  Figure  illustrates  the 
general  view  that  will  be  presented  by  the 
two  buildings.  The  engineering  building,  on 
the  right,  exhibits  individual  wings  for 
mechanical,  chemical,  mining  and  metal- 
lurgy, and  civil  engineering.  Electrical  engi- 
neering is  located  in  that  part  of  the  main 
( Continued  on  page  98) 


WINDOWS 


engineered 
for  modern 


architecture 


TRUSCON  Aluminum 
pivoted  Windows  with 
Thermal  Barrier  (Series 
901)  for  air-conditioned 
buildings. 


TRUSCON  Aluminum 
Weatherstripped  Pro- 
jected Windows  (Series 
900)  for  schools,  public 
buildings,  offices. 


DOMINION  STEEL  AND  COAL  CORPORATION, UMITEO 


WRITE  FOR 
DATA  AND 
LITERATURE 


ÏÏT?>T  K aWîEË 


LA  SALLE,  QUE. 


WALKER  VILLE 


SALES  OFFICES! 

TORONTO  WINNIREO  MONTREAL 


REPRESENTATIVES: 

Halifax,  St.  John's,  Nfid.,  St.  John,  N.B.,  Quebec  City, 


Ottawa,  Regina,  Calgary,  Edmonton,  VaneooveP 
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HOW 
ONTARIO 
HYDRO 
SOLVED  A 
COAL  HANDLING 


Bird's-eye  view  of  coal-handling  system  at  the  Lakeview  Thermal- 
Electric  Generating  Station,  of  Ontario  Hydro  in  Toronto  Township. 


PROBLEM 


To  maintain  adequate  power  output  the  year  ’round 
d hold  costs  in  line  was  the  dual  problem  in  designing  one  of  the  world’s  largest  thermal- 
ictric  generating  stations.  Coal  must  be  delivered  and  stockpiled  during  the  navigation 
ison.  Hydro  engineers  solved  the  coal  handling  problem  with  a conveyor  system*.  □ Goodyear 
proud  to  have  worked  with  Hydro  personnel  from  project  planning  thru’  to  actual  operation, 
d to  have  designed  and  supplied  the  conveyor  belting  for  this  system.  □ Goodyear  Technical 
rvice  is  always  ready  to  match  industries’  needs  with  rubber  products  engineered  to  provide 
icient  operation  at  lowest  possible  cost.  For  information  contact  yom*  nearest  Goodyear 
anch  or  Head  Sales  Ofl&ce,  Bowmanville,  Ontario. 


TO  BE  SURE 


( Continued  from  page  96) 

1951  Re-arranged  and  revised  curricula 
with  larger  core  of  humanities  and  social 
studies  in  all  Engineering  departments. 

1955  Resignation  of  Professor  N.  A.  Wil- 
liams and  promotion  of  Professor  J.  P.  C. 
McMath  to  Head  of  Electrical  Engineering. 

1956  Retirement  of  Professor  N.  M.  Hall 
and  promotion  of  Professor  R.  E.  Chant  to 
Head  of  Mechanical  Engineering.  Professor 
Hall  named  Professor  Emeritus. 

1957  Formal  opening  of  Fetherstonhaugh 
High  Voltage  Laboratory  (about  3,000 
square  feet  gross)  by  Dean  Emeritus  E.  P. 
Fetherstonhaugh  — on  occasion  of  Golden 


Jubilee  of  Engineering  instruction  at  The 
University  of  Manitoba. 

1958  Further  two-storey  (about  14,500 

square  feet  gross)  addition  to  south-wing 
extension  and  one-storey  (about  7,250 
square  feet  gross)  middle-wing  westerly  ex- 
tension to  Engineering  Building. 

1959  Death  of  Dean  Emeritus  E.  P. 

Fetherstonhaugh  — October  19,  1959  — 
Dean  from  1921-49. 

1961  Further  two-storey  (about  14,500 

square  feet  gross)  addition  to  middle-wing 
extension  of  Engineering  Building  planned 
to  go  ahead  summer  of  1962. 


1962  Scale  model  of  proposed  Red  River  > 
floodway  built  and  under  study. 

The  plan  view  of  the  Engineering  Building 
is  now  that  of  a capital  E,  with  the  long 
side  facing  easterly.  Sketch  plans  are  under 
way  for  a three-storey  and  basement 
L-shaped  extension  of  the  north-wing  west- 
erly, and  then  southerly  to  line  up  with  the  : 
Fetherstonhaugh  High  Voltage  Laboratory,  j 

I 

I 

University 
of  Waterloo  | 

History  is  so  recent  at  the  University  of  ■ 
Waterloo  that  one  should  perhaps  speak  of  |i 
“current  events”  in  reference  to  the  Co-  | 
operative  Engineering  Course  established  in 
1957.  The  basic  concept  on  which  the  pro-  , 
gram  is  founded  can  be  stated  quite  simply:  i 
the  preparation  for  an  engineering  career  i 
should  include  both  formal  academic  studies 
at  a university  and  intensive  training  in  the  i 
practice  of  engineering  during  the  under-  j 
graduate  years.  Thus  the  program,  as  it  is 
now  developed,  includes  eight  four-month  i 
academic  terms  alternating  with  six  four-  j 
month  field  assignments  with  co-operating  |i 
companies.  Two  of  the  academic  terms,  | 
either  the  first  two  or  last  two,  are  adjacent 
and  hence  each  student  spends  one  “con-  j 
ventional  year”  of  September  to  April  on  j 
the  campus.  The  original  “quarter  system”  j 
of  four  three-month  terms  has  been  modi- 
fied to  three  four-month  terms  to  achieve  i 
integration  with  the  normal  terms  of  the 
other  Faculties  which  have  since  been  estab- 
lished. 

The  success  of  the  Waterloo  program,  ! 
which  is  unique  in  Canada,  depends  in  a i 
large  measure  on  the  splendid  co-operation 
received  from  more  than  270  co-operating 
companies  that  have  helped  to  shape  our 
student’s  professional  lives.  A Department 
of  Co-ordination  has  functioned  from  the 
beginning  to  arrange  for  and  guide  our  stu- 
dents in  all  field  assignments.  A.  S.  Barber,  j 
Director  of  Co-ordination  and  Placement,  j 
along  with  his  staff  of  experienced  co-or-  | 
dinators  has  established  a wide  liaison  with  j 
the  “off-campus  faculty”  — Canadian  in-  I 
dustry. 

The  University  of  Waterloo  is  unique  in 
another  respect  — the  Faculties  of  Science, 
Arts,  and  Graduate  Studies  were  formed 
after  the  Faculty  of  Engineering,  and  our 
first  convocation  included  graduate  degrees 
in  Engineering. 

The  first  graduating  class  of  students  on 
the  co-operative  course  emerged  in  July, 
1962  — having  survived  the  ordeals  of  a 
rapidly  developing  new  institution.  More 
than  800  undergraduates  in  Engineering  saw 
the  first  of  their  number  graduate.  More 
than  a quarter  of  the  graduating  class  of  72 
expect  to  attend  graduate  schools  in  Canada 
and  the  U.S.A.  and  one  of  the  graduates 
in  Civil  Engineering  has  been  awarded  an 
Athlone  Fellowship  for  further  study  in 
England.  S 

The  teaching  buildings  at  Waterloo  now  I 
comprise  a 55,000  square  foot  Chemistry-  j 
Chemical  Engineering  Building,  a 110,000  I 
square  foot  Mathematics  and  Physics  Build-  | 
ing  and  a 133,000  square  foot  Engineering  | 
Building  which  was  completed  in  the  Fall  j 
of  1961.  An  Arts  Building  is  under  con-  I 
struction  and  a Library  and  Chemistry-  | 
Biology  Building  are  being  planned.  j 

The  co-operative  experiment  at  the  Uni-  I 
versity  of  Waterloo  has  been  a success  and  \ 
we  feel  well  poised  for  further  significant  j 
contributions  to  Canadian  Engineering  edu-  | 
cation. 


Designed  and  Built-to-Order 
by 


C.M.C.  IV^'x  120"  HOT  SLAB 
CROP  SHEAR  1 

Shear  Pressure 
Maximum 

850  Tons 

Maximum  Stroke 

10  Inches 

Slab  Capacity 

2Vi  In.  X 120  In. 

Maximum  Hydraulic 
Pressure 

1500  PSI 

Height  over  all 

15  Feet  6 Inches 

Length  over  all 

15  Feet 

Width  over  all 

5 Feet  10  Inches 

Approximate 

Weight 

85  Tons 

Consult  us  without  obligation 


The  C.M.C.  Special  Purpose  Machine 
Division  is  ready  to  assist  your  company 
on  any  special  machinery  problem.  We 
have  complete  facilities  plus  broad  ex- 
perience in  designing  and  building  machi- 
nes for  special  applications.  Our  engi- 
neers are  at  your  service.  Working  alone 
or  in  close  co-operation  with  your  engi- 
neering department,  they  will  develop 
the  machine  best-suited  for  your  job. 


CANADA  MACHINERY  CORPORATION  LTD. 

GALT,  ONTARIO,  CANADA 
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makes  copies 


at  a rate 

of  up  to 

2400 

PER 

HOUR! 


Bruning’s  new  automatic  feed  does  it! 

You  merely  slide  the  originals  in  and  the 
machine  does  the  rest  . . . automatically  feeds 
in  copy  paper  . . . separates  and  stacks  both 
originals  and  copies.  Any  operator  can  run 
834  X 11  and  11  X 17  copies  through  this  new 
280  at  a rate  up  to  2400  per  hour  — a speed 
more  than  double  anything  diazo’s 
ever  done  before. 

With  speeds  like  this  you  can  be  sure  your 
Reproduction  Department  gives  rapid  delivery 
of  small  size  prints.  At  the  same  time  a high 
volume  Bruning  280  assures  uninterrupted 
runs  of  large  size  prints  on  big  machines. 

For  full  information  on  how  a new  Bruning  280 
high-speed  copier  can  cut  operator  running 
time  by  more  than  50%,  avoids  “tying  up” 
big  machines  to  run  off  high  priority  copies, 
just  clip  and  mail  the  coupon. 


CLEARLY.  YOUR  CHOICE  IS 

Qbrunind^ 


Operator  lifts  center  section  of  feed 
• board,  loads  sensitized  Bruning 
materials  into  automatic  feed  tray. 


w... 


Operator  positions  adjustable  feed 
tires  on  top  of  sensitized  materials 
to  assure  automatic  feeding  of 
copies. 


Operator  hits  feeder  switch  to  acti- 
vate automatic  feed  unit.  With 
automatic  feeding  of  copy  paper, 
the  operator’s  hands  are  free  to  feed 
originals  at  a rate  up  to  2400  cph. 


CHARLES  BRUNING  CO.  (CANADA)  LTD., 

37  Advance  Road,  Toronto  18 

I I Please  rush  literature  on  your  new  high-speed,  auto 
matic-feed  Copyflex  280. 


Name 


Title 


Uoinpany 


Address 


Ulty 


Trovluce 
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SKILLED  ENGINEERING 


— wifh  total  responsibility 

Total  responsibility  for  all  phases  of 
tower  and  mast  construction  under  the 
ONE  contract  is  provided  by  DOSCO’s 
Canadian  Bridge  Works  ...  A typical 
example  is  the  series  of  microwave  mast 
supporting  multi-channel  cornucopia  an- 
tennae designed,  fabricated  and  erected 
for  the  New  Brunswick  Telephone 
Company,  Limited  — one  of  which  is 
illustrated. 

Write  for  our  "Tower”  Literature. 


<iEH3S> 

DOMINION  STEEL  AND  COAL  CORPORATION,  LIMITED 

CANADIAN  BRIDGE  WORKS 

WALKERVILLE,  ONT. 


• Library  Notes 

(Continued  from  page  91) 


THE  ECONOMICS  OF  UNEMPLOYMENT  COMPENSATION. 

Although  confined  to  the  scene  in  the  United  States,  this 
study  will  be  of  interest  to  readers  in  Canada  where  many 
' of  the  problems  are  the  same.  The  topics  covered  in  the  !? 

study  are  the  economic  significance  of  unemployment  bene-  ji! 

1 fits,  and  their  adequacy;  the  effect  of  changes  in  the  labour  jb 
I force;  methods  of  financing  unemployment  payments;  1 1 
barriers  to  revision  of  the  programme;  proposals  for  its  re-  jl 
form  and  improvement.  (R.  A.  Lester,  Princeton,  University,  fj 
Industrial  Relations  Section,  1962.  137p.,  $3.75.)  ! 

HEALTH  IN  INDUSTRY.  ; 

This  “guide  for  engineers,  e.xecutives,  and  doctors” 
covers:  the  health  of  the  executive;  absence  from  work- 
due  to  sickness;  design  of  equipment  from  the  human 
point  of  view;  human  aspects  of  industrial  accidents;  in- 
dustrial fatigue;  the  effect  of  surroundings  on  work;  the 
effect  of  chemicals.  (R.  C.  Browne.  Toronto,  Macmillan, 
1961.  157p,,  $3.25.) 

“automatic  and  remote  control:  proceedings  of  the 

FIRST  INTERNATIONAL  CONGRESS  OF  THE  INTERNATIONAL 
INTERNATIONAL 

FEDERATION  OF  AUTOMATIC  CONTROL,  MoSCOW,  1960. 

Some  306  papers  are  contained  in  the  English  edition  | 
of  this  important  congress.  Volume  1 covers  the  theoretical  | 
aspects  of  continuous  linear  and  non-linear  systems,  discrete  1 
system,  and  optinal  systems;  Volume  II  continues  with  || 
theory  for  self-adjusting  systems,  then  deals  with  sta- 
tistical  methods  of  investigation,  theory  of  structure  and  i! 
signal  composition,  simulation  and  experimental  methods,  | 
and  with  mathematical  problems  and  terminology;  Volume 
III  covers  components,  including  computers,  remote  and  | 
supervisory  control  devices,  pneumatic  components  and  j| 
automatic  control  instrumentation.  The  eight  sections  of  | 
Volume  IV  present  applications  of  automation  in  metal-  | 
working,  electrical  power  systems,  electrical  drives  and  I 
machines,  transport,  industrial  processes,  chemical  and  j 
petroleum  industries,  thermal  and  nuclear  power,  and  | 
metallurgical  processes.  Volume  III  only  is  in  the  E.I.C,  I 
library.  (Toronto,  Butterworth,  1961.  4 vols.,  $165.00  for  | 
set  of  4,  $44.00  per  vol.) 

DIGEST  OF  LITERATURE  ON  DIELECTRICS,  VOL.  24,  1960. 

Prepared  by  a committee  of  the  Conference  on  Electrical 
Insulation  this  volume  comprises  a series  of  articles  review- 
ing the  literature  on  dielectrics.  Altogether,  reference  is 
made  to  nearly  1700  articles,  most  of  which  appeared 
during  1960.  The  nine  chapters  were  compiled  by  experts 
in  the  field,  and  cover:  instrumentation  and  measurement; 
tables  of  dielectric  constants;  molecular  and  ionic  inter- 
I actions  in  dielectrics;  electrical  conduction;  the  breakdown 
of  dielectrics;  ferroelectric  and  piezoelectric  materials;  high 
polymeric  materials;  insulating  films  and  fibrous  materials; 
solid  organic  insulation,  applications.  (Ed.  by  T.  D.  Callinan 
and  A.  M.  Parks.  Washington,  National  Academy  of 
Sciences-N.R.C.,  1961.  303p.,  mimeog.,  $8.00  publ.  917.) 

*1961  BOOK  OF  A.S.T.M.  STANDARDS. 

This  is  the  triennial  publication  of  ASTM  Standards,  and 
contains  17,000  pages  with  3,000  standard  specifications, 
testing  methods,  definitions,  and  recommended  practices. 
Plastics  and  carbon  black  are  now  in  a separate  volume 
from  Rubber  and  electrical  insulation  standards.  Metals 
specifications  and  testing  methods,  non-metallic  materials, 
petroleum  products,  industrial  chemicals,  and  textiles  com- 
prise the  remaining  volumes.  (Philadelphia,  The  American 
Society  for  Testing  and  Materials,  1961.  11  volumes, 
$195.00  for  the  set.)  Individual  volumes  may  also  be  pur- 
chased. 
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THIS  IS 


J-M  THERMOBESTOS 

STRONGEST,  LIGHTEST,  MOST  EFFECTIVE 
INSULATION  YOU  COULD  USE.  SAVES  MONEY 
FOR  YOU  IN  EVERY  WAY. 


J-M  Thermobestos  is  the  best  insulation 
ever  made  for  industrial  equipment  operat- 
ing at  temperatures  up  to  1200°  F.  Manu- 
factured, by  a high  compression  process, 
Thermobestos  can  take  unusual  abuse  in  its 


stride,  cuts  maintenance  costs  way  down. 
Thermobestos  is  very  light  and  comes  in 
convenient  sections  and  blocks  so  it  can  be 
applied  easily — cuts  installation  costs.  Re- 
peated wettings  have  no  permanent  effect 
on  J-M  Thermobestos.  It  is  100%  rotproof 
— will  not  burn  or  carry  flame — has  the 
lowest  k factor  of  all  insulations  in  general 
use  in  the  power  generation  and  process 
industries.  For  full  details,  send  for  tech- 
nical brochure  IN- 169 A.  Write  Canadian 
Johns-Manville,  565  Lakeshore  Road  East, 
Port  Credit,  Ont.  Cable  address:  Johnmanvil. 

You  save,  right  from  the  start  with  Thermobestos. 
Goes  on  easily,  needs  just  about  no  maintenance, 
and  comes  in  a wide  variety  of  thicknesses  and  dia- 
meters to  meet  your  particular  job  requirements. 


JOHNS-MANVILLE  SB 

PH.OOUCTS 


1-7021 
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CHANNEL  UNDERGROUND. 

The  first  proposal  for  a tunnel  under 
the  English  Channel  was  put  forward 
in  1802,  now,  the  subject  is  being  in- 
vestigated once  more.  The  author  fol- 
lows an  historical  survey  with  a discus- 
sion of  the  geological  and  engineering 
problems  involved,  the  economics  of 
tunnel  traffic,  financing  construction  and 
tunnel  law.  (Deryek  Abel.  London,  Pall 
Mall,  1961.  127p.,  17/6.) 


COMPUTER  BASICS. 

Developed  for  a course  intended  to 
train  U.S.  Navy  electronics  technicians 
to  operate  and  service  computers,  these 
five  volumes  present  the  subject  in  a 
logical  manner.  (Technical  Education 
and  Management  Inc.,  Indianapolis, 
Sams,  1961.  5 vols.,  $22.50.) 

PUBLIC  CLEANSING:  PRESENT  AND  FUTURE. 

The  well-qualified  author  of  this  ac- 
count of  garbage  collection  and  disposal 
provides  a review  of  the  various  tech- 
niques available  for  the  storage  of  do- 
mestic dry  waste,  the  collection  of  gar- 
bage, and  the  disposal  of  waste.  (A.  G. 
Davies.  London,  Spon,  1961.  195p.,  £2.) 


SHOCK  TUBES. 

The  shock  tube  is  a development  of 
the  last  15  years,  and  the  pinpose  of 
this  monograph  is  to  give  an  account 
of  the  theory  of  shock  waves,  the  prin- 
ciples of  operation  of  shock  tubes,  and 
the  more  important  investigations  using 
shock  tubes.  Useful  bibliographies  are 
included.  (J.  K.  Wright,  London, 
Methuen,  1961.  164p.,  15/-.) 


AN  ELEMENTARY  TREATISE  ON  THE  ; 

MECHANICS  OF  FLUIDS.  J 

Intended  primarily  as  an  under- 
graduate text,  the  aim  of  this  book  is 
to  provide  a systematic  and  easily  un- 
derstood account  of  the  basic  principles 
of  the  science  of  the  mechanics  of  fluids, 
and  to  cover  some  of  the  elementary 
technical  applications.  (W.  J.  Duncan 
and  others.  Toronto,  MacMillan,  1960. 
714p.,  $12.60.) 


W&T 


COMPOUND-LOOP  CONTROL 


With  automation  by  Wallace  & Tiernan  your  chlorination  system  con* 
trois  itself  . . . needs  almost  no  attention.  With  Compound-loop  Control, 
the  residual  you  select  is  maintained,  no  matter  how  much  water  flow 
or  chlorine  demand  changes.  You’re  always  sure  of  water  quality. 

W&T  Compound-loop  Control  means  true  process  control.  Because  it 
analyzes  the  end  result  and  feeds  back  information  which  monitors  your 
chlorinator,  Compound-loop  Control  successfully  achieves  a closed-loop 
system.  This  means  an  operating  range  of  greater  than  100  to  1,  plus 
round-the-clock  supervision  without  extra  labor. 

And  you  can  control  free  or  total  residual . . . use  electric,  pneumatic, 
or  variable  vacuum  signals.  W&T  Compound-loop  Control  can  be  tailored 
to  the  physical  layout  of  your  system,  your  flow-metering  equip- 
ment, your  plant  hydraulics.  You  build  or  convert  to  automa-  ÎW0Ê 
tion  with  maximum  convenience,  minimum  expense.  : ^ j 

For  more  information,  write  Dept.  S-141.35 


WALLACE  S TIERIMAM  LIMITED 

HEAD  OFFICE  & FAaORY:  925  WARDEN  AVENUE,  SCARBOROUGH,  ONTARIO 
MONTREAL  • HALIFAX  • WINNIPEG  • VANCOUVER 


THE  AMERICAN  CENTURY  OF 
JOHN  C.  LINCOLN. 

In  the  century  since  the  Civil  War, 
the  United  States  has  made  great  ma- 
terial gains.  Much  of  this  expansion  has 
been  due  to  the  efforts  of  a few  men, 
one  of  whom  was  John  C.  Lincoln  who 
was  born  in  1866  and  died  in  1959.  His 
major  contributions  were  in  the  field 
of  electrical  engineering.  (Raymond  Mor- 
ley.  Toronto,  General  Publishing,  1962. 
209p.,  $5.95.) 


PERMANENT  MAGNETS  AND  THEIR 
APPLICATION. 

Presenting  the  basic  principles,  con- 
cepts, and  practices  of  the  field,  this 
book  provides  a basis  for  predicting 
magnet  performance.  Treated  in  detail 
are  the  problems  of  magnetization,  de- 
magnetization stability,  and  measure- 
ments, (R.  J.  Parker  and  R.  J.  Studders. 
New  York,  Wiley,  1962.  406p.,  $16.00.) 


SEMICONDUCTOR  RELIABILITY. 

The  papers  included  in  this  volume 
were  presented  at  the  Conference  on 
Reliability  of  Semiconductor  Devices, 
1961,  sponsored  by  the  Working  Group 
on  Semiconductor  Devices,  Advisory 
Group  on  Electron  Tubes,  Department 
of  Defense.  They  provide  a comprehen- 
sive body  of  information  on  the  status 
of  semiconductor  device  reliability.  (J. 
E.  Schwop  and  H.  J.  Sullivan.  New  York, 
Reinhold,  1961.  309p.,  $8.50.) 


PRODUCTION  MANAGEMENT. 

This  text  deals  with  production  man- 
agement principles  and  practice  for 
manufacturing  companies.  It  does  not 
include  office  management,  personnel 
admini.stration  or  budgeting.  Many  prac- 
tical examples  are  included,  as  are 
charts,  graphs  and  photographs.  (H.  N. 
Broom.  Homewood,  111.,  Irwin,  1962. 
768p.,  $10.60.) 

(Continued  on  page  116) 
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BETTER  INDUSTRIAL  STEEL  WHEELS 


. . . and  Canadian  Steel  Wheel  Limited  now  makes  them  for  all  heavy- 
duty  industrial  applications.  They  are  better  wheels  because  of  exacting 
inspection  and  automated  manufacturing  processes.  Customers  know 
the  quality  and  utility  of  CSW  railway  wheels.  Now,  CSW  offers  you 
better  industrial  wheels,  sheaves  and  gear  blanks.  CSW  wheels  can  be 
quenched  in  depth  to  363  Brinell  Hardness.  CSW  wheels  are  offered 
in  diameters  from  12  inches  to  46  inches. 

ALONG  WITH  BETTER  INDUSTRIAL  WHEELS 


Ccirodisn  StCGl  Wh©©l  offers  you  fast  delivery  ..  . 


v 


offers  you  on-the-spot  technical  service  . . . 

offers  you  the  finest  quality  wheels,  sheaves 
and  gear  blanks  — by  the  only  Canadian 
manufacturer  specializing  in  Forged  Steel 
Industrial  Wheels. 


Our  Sales  Engineers  are  available  immediately  to  discuss  any  wheel  application  you  may  have  in  mind. 


Made  in  Canada  by 

CANADIAN  STEEL  WHEEL  LIMITED 

1900  Dickson  St.,  Montreal  5,  Que.  Tel.:  CL.  5-3605,  area  code  514;  cable  Steelwheel. 
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TABLES  FOR  THE  COMPRESSIBLE  FLOW 
OF  DRY  AIR. 

These  tables  for  the  parameters  of 
isentropic,  Prandtl-Meyer  expansive, 
Rayleigh,  Fanno,  plane  normal  and  plane 
oblique  shock  flows  are  intended  both 
for  students  and  practising  engineers. 
The  tables  themselves  are  preceded  by 
a brief  introductory  text.  (E.  L.  Hough- 
ton and  A.  E.  Brock.  Toronto,  Mac- 
millan, 1961.  64p.,  $2.2.5.) 


RADIO  amateur’s  HANDBOOK,  39tH  ED., 
1962. 

In  this  edition,  the  chapters  on  the 
theory  of  radiocommunications  have 
been  brought  up-to-date,  as  have  those 
on  equipment  construction,  vacuum-tube 
characteristics,  and  tube-base  diagrams. 
A catalogue  section  is  included.  (West 
Hartford,  American  Radio  Relay  League, 
1962.  590p.,  $4.00.) 

ANTI-CORROSION  MANUAL,  4tH  ED. 

Revised  to  include  developments 
which  have  occurred  since  the  publica- 
tion of  the  third  edition,  this  edition 
contains  a new  chapter  on  corrosion  en- 


DRAWING  BOARD  NEWS®^ 

Published  by  Cbarf-Pak,lnc.,onginafor  of  the  tape  method  of  drafting 


PLANT  LAYOUTS  “TAPE  UP”  EASILY  WITH  CHART-PAK 


With  Chart-Pak,  you  no  longer  draw  every 
line,  bar,  shape  and  symbol  in  plant 
layouts,  drawings  and  other  visual 
presentations.  You  get  these  elements  pre- 
printed on  pressure-sensitive  tapes  and 
sheets  — just  press  them  down. 


Write  for  catalog 

of  materials  that 
take  drudgery 
out  of  drafting! 


In  short  order,  you  have  an  accurate 
layout,  ready  for  sparkling-clean 
reproduction. 

Chart-Pak  is  easily  changed,  too  — yet 
won't  come  off  by  mistake,  even  in  hot 
reproduction  machines. 

“Instant”  symbols  simplify 
printed  circuit  drawings 

Chart-Pak  printed  circuit  symbols  help 
make  accurate  master  drawings  faster  and 
easier.  Terminal  circles,  ovals,  fillets,  etc., 
pre-cut  from  black  crepe  paper,  press  on. 
Chart-Pak  tapes  make  connector  paths 
accurate  within  ±.002". 


CHART-PAK,  INC.  I 


ORIGINATOR  OF  THE  TAPE  METHOD  t>F  bRAFTING 


233  RIVER  ROAD,  LEEDS,  MASSACHUSETTS 
Dealers  in  principal  cities  in  U.S.  and  Canada. 


EXCLUSIVE 

•^APE-SAVER’» 

PACKAGE 


Calgary,  Alberta 
Riley’s  Reproductions,  Ltd. 
Edmonton,  Alberta 
Riley’s  Reproductions,  Ltd. 
Hamilton,  Ontario 
Rapid  Blue  Print  Company  Ltd. 
Montreal  28,  Quebec 
Allan  Singer,  Ltd. 

Ottawa  3,  Ontario 
H.  G.  Barter  & Sons,  Ltd. 


DISTRIBUTED  BY 

Regina,  Saskatchewan 
Riley’s  Reproductions,  Ltd, 
Saint  John,  New  Brunswick 
Eastward  Industries,  Ltd 
Sudbury,  Ontario 
H.  G.  Barter  & Sons,  Ltd. 
Toronto,  Ontario 
Rapid  Blue  Print  Company  Ltd. 
Vancouver,  British  Columbia 
Riley’s  of  Vancouver,  Ltd. 


Winnipeg,  Manitoba 
W.  J.  Dick  & Company,  Ltd. 


THE 


gineering  problems  in  various  locations,! 
water  storage  tanks,  structures  in  sea 
water,  jetties,  and  steel  chimney  stacks.! 
A directory  and  buyers’  guide  is  inj 
eluded.  (London,  Corrosion  Prevention 
and  Control,  1962.  454p.) 


MANUEL  d’anTICORROSION:  T.  2 APPLICA 
TIONS  DES  TECHNIQUES  d’ ANTICORROSION, 

The  first  volume  of  this  two  voluim 
work  dealt  with  the  theory  of  corrosionj.j 
and  problems  of  a general  nature.  Thi.s 
second  volume  is  concerned  with  cause: 
of  corrosion  in  specific  locations,  and 
methods  of  combatting  it.  (A.  J.  Maurin 
Paris,  Eyiolles,  1962.  320p.,  44.70  NF.’ 


AN  INTRODUCTION  TO  INFRARED 
SPECTROSCOPY. 


The  purpose  of  this  book  is  not  tc 
provide  an  exhaustive  treatise  on  infra- 
red spectroscopy  but  to  help  scientist! 
overcome  difficulties  connected  with 
starting  in  a new  field.  The  experimental 
side  of  the  subject  is  emphasized.  (Wer- 
ner Brugel.  London,  Methuen,  1962 
419p.,  55/-.) 


AN  INTRODUCTION  TO  MAGNETO-FLUID 
MECHANICS. 


This  introductory  account  of  magneto 
fluid  dynamics  includes  the  interaction 
of  a highly  conducting  fluid  with  a mag 
netic  field,  the  kinetic  theory  of  j 
highly  ionized  gas,  and  discussions  ol 
transport  coefficients,  the  conduction  of 
electricity  in  a plasma  in  the  presence 
of  a magnetic  field,  and  plasma  oscilla-] 
tions.  (V.  C.  A.  Ferraro  and  C.  Plump 
ton.  Toronto,  Oxford,  1961.  181p.,| 

$3.75.) 


MOTION  AND  TIME  STUDY,  3rD  ED. 


This  third  edition  includes  new  ma-rf' 


terial  on  waiting  line  theory;  the  tech-:iy 


nique  of  Monte  Carlo  methods;  quanti- j 
tative  techniques  applied  to  man  and| 
machine  relationships;  and  the  positionj?< 
of  unions  in  relation  to  time  and  mo-"  a 
tion  study.  (B.  W.  Niebel.  Homewood,i|' 
111.,  Irwin,  1962.  568p.,  $10.65.'  " ' 


MUNICIPAL  COMPOSTING. 


3! 


A companion  volume  to  the  author’s 
Public  Cleansing,  this  book  discusses 
the  treatment  of  waste  matter  to  form 
compost.  Described  are  tlie  various 
methods  of  composting  and  types  of 
plant  in  use  throughout  the  world.  A 
bibliography  is  included.  (A.  G.  Davies. 
Toronto,  British  Book  Service,  1961. 
203p.,  $7.25.) 


BIBLIOGRAPHY  OF  LOW  TEMPERATURE 
ENGINEERING  AND  RESEARCH,  1944-1960. 


The  periodical  Cryogenics,  of  which^ 
this  is  a supplement,  first  appeared  in]  t 
1960,  and  includes  lists  of  current  litera-!  ; 
ture.  This  bibliography  covers  the  years  ^ 
from  1944  to  that  date.  References  to 
more  than  5,000  articles,  taken  fromj, 
186  periodicals,  are  included.  (Ed.  by  K.*]; 
Mendelssohn  and  others.  London,  Hey-i]! 
wood,  1961.  160p.,  25/-.)  |i) 
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Steel  Plate  Induced  Draft  Fan, 
Series  7000,  single-width  wheel 


Series  7000,  Steel  Plate  Induced  Draft  Fans 


One  of  a complete  line  of  fans  for  forced  draft, 
induced  draft,  primary  air  supply  service 

The  Series  7000  is  one  of  many  Sturtevant  heavy-duty  fans 
designed  specifically  for  mechanical  and  industrial  process 
applications.  Radial  blading  resists  abrasion  and  high  tem- 
peratures; tapering  of  blades  reduces  stress.  Unique  open 
wheel  construction  eliminates  shrouds  or  side  plates  subject 
to  stress,  provides  long  rotor  life. 

Seventeen  nominal  fan  sizes,  in  single  and  double  width 
arrangements,  permit  custom  selection  for  every  application. 
For  full  information,  call  your  nearest  Westinghouse  office, 
or  write:  Sturtevant  Division,  Galt,  Canada 


é1G600 


Westinghouse 

CANADIAN  WESTINGHOUSE  COMPANY  LIMITED 
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^ADHESION. 

This  is  an  edited  presentation  based 
on  information  gained  by  the  Adliesion 
Panel  of  tlie  Advisory  Council  on  Scien- 
tific Research  and  Technical  Develop- 
ment of  the  Ministry  of  Supply  of  Great 
Britain,  established  in  1949,  Tlie  general 
approach  throughout  most  of  the  book 
is  through  consideration  of  the  separate 
aspects  of  wetting  and  stress  concentra- 
tion. (Ed.  by  D.  D.  Eley.  Toronto,  O.x- 
ford,  1961.  290p.,  $8.25.) 


ELECTROTECHNOLOGY. 

Intended  for  undergraduate  students, 
the  aim  of  this  series  is  to  provide  a set 
of  low  priced  books,  each  covering  one 
aspect  of  the  subject.  The  author  is  head 
of  the  Electrical  and  Radio  Schools 
of  the  International  Correspondence 
Schools.  (D.  L.  Carr.  Toronto,  Mac- 
millan, 1962.  6 vols.,  90  cents  ea.) 

“PROPERTIES  OF  SOLIDS. 

By  characterizing  the  properties  of 
materials  in  such  a way  that  they  can 
be  represented  as  tensors  of  various 
ranks  it  is  possible  to  bring  the  pheno- 
menological treatment  of  all  material 
properties  into  the  operational  frame- 
work of  tensor  algebra.  (G.  G.  Koerber. 
Englewood  Cliffs,  Prentice-Hall,  1962. 
286p.,  $13.00.) 


All  New  Air  Cooled 
Condenser/Compressor 
Units  . . . Î t®  1#  t&m 

capacities  • Vertical 
gs£vaiii®e#  c aser  • 

Serviceable  fternietic 
compress  • I >letely 

wired— CS A a;  weû  • 

îk  1-  . ia  . ■■■ , . 
Canada  •¥  t deliv- 
ery assured. 


INTERNATIONAL  SYMPOSIUM  ON  MAXIMUM 
ALLOWABLE  CONCENTRATIONS  OF  TOXIC 
SUBSTANCES  IN  INDUSTRY.  PROCEEDINGS. 

The  volume  contains  many  of  tlie 
papers  presented  at  the  first  international 
symposium  on  this  subject,  held  in 
Prague  in  1959,  and  abstracts  of  others. 
Participants  at  the  symposium  came 
from  all  over  Europe,  as  well  as  Canada 
and  the  U.S.A.  The  papers  are  published  ' 
in  English,  Erench  or  German,  and  are 
divided  into  four  sections.  (Toronto,  ! 
Butterworth,  1961.  373p.,  $10.50.)  ’ ' 


BRITISH  TRANSISTOR  DIODE  AND  j 

SEMICONDUCTOR  DEVICES  DATA  t 

ANNUAL,  1962-63.  } 


A companion  volume  to  the  “British 
miniature  electronic  components  and  as-' 
semblies  data  annual”  this  volume  covers  | 
transistors,  diodes,  and  semiconductor  ( 
devices  made  in  the  United  Kingdom. 
There  are  more  than  900  pages  of  data 
sheets  for  the  transistors,  diodes,  and 
semiconductors  available,  giving  very  de- 
tailed information  for  each.  (Ed.  by  G.j 
W.  A.  Durnmer  and  J.  M.  Robertson.! 
London,  Pergamon,  1962.  935p.,  $25.00.)[ 


Ï 


I 


l 


CHIMIE  PHYSIQUE  DES  SEMICONDUCTEURS,  i: 

Developed  from  a conference  held  in 
Bordeaux  in  1957,  this  text  will  be  of,  > 
interest  to  chemists,  as  it  considers  semi-1;  > 
conductability  in  relation  to  crystallinej;  i 
structure,  and  its  role  in  interatomicj 
liaisons.  It  discusses  mechanisms  of  semi-  : ■ 
conductability,  interactions  betweenï  ■ 
faults,  semiconductor  materials.  (J.  P.' 
Suchet.  Paris,  Dunod,  1961.  221p.,| 

19NF.) 


t 

“automatic  and  fluid  transmissions,  i 

( 

A comprehensive  British  study  of  auto-ii 
matic  transmissions,  covering  both  prin-f 
ciples  and  practical  aspects  of  design,! 
installation,  and  operation.  Mechanical,! 
electrical  and  hydraulic  systems  are  dealtj 
with,  together  with  semi-automatic  de-j 
vices  and  overdrives.  Most  of  the  pro-( 
prietary  American,  British,  and  continen-i 
tal  transmissions  are  reviewed  in  somef 
detail,  and  mention  is  made  of  some,) 
devices  still  under  development.  (J.  G.l 
Giles.  Toronto,  Nelson  Foster  and  Scott,' 
1961.  328p.,  $11.25.)  ; 

o 1 

“THEORIE  UND  BERECHNUNG  DER  , 

ROTATIONSSCHALEN.  ! 


A volume  on  the  theory  and  analysis  ^ 
of  shells  of  revolution.  Beginning  with  f 
theoretical  fundamentals,  the  reader  is  ( 
gradually  introduced  to  the  general  >; 
methods  and  analysis  for  shells  with  i 
geometrically  fixed  center  surfaces.  Shells  ) 
of  revolution  are  then  dealt  with  by  both  I 
exact  and  approximation  methods.  In  tliis  | 
connection  the  asymptotic  methods,  ap-  j 
plied  to  shells  with  constant  or  variable  ■ 
curvatures  and  thicknesses  are  fully  dis-  ] 
cussed.  There  is  a bibliography.  (P.  B.  J.  ; 
Gravina.  Berlin,  Springer-Verlag,  1961.  ; 
308p.,  43.50  DM.)  j 
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Versatile . . . 

Will  handle  practically  any  liquid  level, 
interface  level  or  specific  gravity  control 
or  indication  problem. 

Pneumatic  or 
electronic  pilots . . . 

Level-Trols  can  operate  either  type  pilot 
using  essentially  the  same  float  assembly 
and  other  components. 

Displacement  floats -14" 
through  120"  lengths . . . 

Available  with  cage  units  for  external 


TYPE  2500-249 
PROPORTIONAL  CONTROLLER 


Pilot  can  be  supplied  for  either 
3 to  15  psi  or  6 to  30  psi  pneu- 
matic signal.  Provides  a propor- 
tional band  adjustment  up  to 
100%.  Manually  adjustable  for 
quick  and  simple  selection  of 
set  point.  Mounts  on  all  stand- 
ard Fisher  Level-Trol  units. 


TYPE  2502  PROPORTIONAL 
RESET  CONTROLLER 

Has  all  the  features  of  the  Type 
2500  plus  reset  action.  Brings 
the  set  point  back  automatically 
to  its  original  position  and  as- 
sures absolutely  stable  control. 
Proportional  band  adjustable  to 
200%;  reset  rate  adjustable 
from  .005  to  1 minute  per  repeat. 


TYPE  2310 

ELECTRONIC  CONTROLLER 

Explosion-proof  design.  Exter- 
nal adjustment  for  proportional 
band  (10  to  100%)  and  liquid 
level  set  point.  Delivers  either 
a proportional  1 to  5,  10  to 
50,  or  4 to  20  milliampere  dc 
signal.  Has  plug-in  converter 
with  printed  circuit.  Mounts  on 
standard  Levei-Trol  housings. 


If  it  f/ows  through  pipe  anywhere  in  the 


mounting  or  internal  top  or  side  flange 
mounting. 

Fisher  Level-Trols  operate  on  a simple 
displacement  principle.  A cylindrical 
shaped  displacer  float  and  a torque  tube 
spring  provide  a mechanical  motion  vir- 
tually free  of  friction  that  transmits 
level  changes  to  the  pilot.  It  is  an  ex- 
tremely accurate  means  of  continuously 
measuring  liquid  level  or  specific  gravity. 
Three  basic  controllers  are  shown  at  left; 
for  more  detailed  information  on  Level- 
Trols  write  Fisher  Governor  Com- 
pany OF  Canada,  Ltd.,  Woodstock,  Ont. 
— ask  for  Bulletins  F-4B  and  F-85A. 


world 

. . . chances  are  it's  controlled  by. . . 
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VAPOR! 

WITH  THE 

MODULÂTIC  HI-R-TEMP 

LIQUID  PHASE 

HEATER 


Ever  see  a pressure-less  heat  transfer  system? 
There  is  no  heavy  wall  piping,  no  thick  fittings, 
no  weighty  valves. 

Sludge,  scale,  coking,  hot-spots,  corrosion  and 
freeze-ups  are  gone. 

The  familiar  water  system  has  disappeared.  So 
has  maintenance  expense,  down  time,  water 
treatment  costs,  and  regular  overhauls. 

Not  much  is  left.  Unless  you  consider  automatic 
temperatures  to  600°;  four  safety  controls;  unit- 
ized skid  construction;  a rotary  gear  pump  for 
uniform  circulation;  forced  draft  combustion,  self- 
modulation and  parts  continuously  bathed  in  oil. 
Of  course  there’s  the  choice  of  gas  or  oil  fuel. 
Why  not  take  a long,  hard  look  at  the  Hi-R-Temp? 


Send  now  for  free  literature. 


*Trode  Marks  Registered 


VAPOR  HEATING 

LIMITED 


3955  COURTRAI  AVE. 


MONTREAL.  QUE. 


• Library  Notes 

(Continued  from  page  118) 


MATRICES  FOR  STRUCTURAL  ANALYSIS. 

Civil  engineers  are  increasingly  making  use  of  methods  jli 
of  analysis  which  require  the  use  of  matrix  methods.  This  jiHS 
text  is  concerned  with  the  application  of  matrices  to  struc-  1 ' 
tural  problems,  concentrating  primarily  on  actual  calcula-  i 
tions,  although  theory  is  also  given.  Specific  problems  in  1 
structural  analysis  are  dealt  with,  and  it  is  shown  how  the  U 
different  numbers  are  calculated  from  the  data,  and  as-  U 
sembled  into  matrices.  Calculations  of  the  final  result  are 
also  given  in  detail.  Special  emphasis  is  placed  on  the  ü 
elementary  steps  which  form  a basis  for  later  work.  (S.  J.  i 
McMinn.  London,  Spon,  1962.  210p.,  57/6.)  1 


GREAT  ENGINEERS.  I 

The  Story  of  the  Industrial  Revolution  in  England,  told  t ' 
through  the  lives  of  ten  men,  the  first  of  whom,  Abraham  | t 
Darby,  was  born  in  1678,  and  the  last  Frederick  Lanchester,  | y. 
died  in  1946.  That  period  of  less  than  three  centuries  | t 
started  with  Darby’s  discovery  of  the  art  of  coke  smelting,  a 
and  closed  with  Lanchester’s  contributions  to  automobile 
engineering  and  aviation.  The  other  eight  biographies  cover  j r 
the  period  in  between:  Newcomen  and  mechanical  power;  (jl 
Jessop  the  builder  of  canals  and  railways;  Murray,  improved 
steam  engines;  Maudslay,  the  master  mechanic;  Locke,  the  io 
railway  engineer;  Fowler,  the  first  to  till  the  soil  by  (i 
mechanical  power;  Baker,  the  designer  of  the  Forth  Bridge,  1^1 
Crompton  with  his  dynamos  and  improved  roads.  They  all  : j 
made  their  contribution  to  the  modern  world.  (L.  T.  C.  Rolt. 
Toronto,  Clarke,  Irwin,  1962.  244p.,  $4.00.) 

!1 


"CINCH" 

ANCHORS 

‘STRONGER  THAN  THE  BOLr 


The  completely  reliable  expansion  An- 
chor manufactured  solely  in  Canada. 
Data  book  and  stress  tables  sent  on 
request. 

CANADIAN  CINCH  ANCHORING  SYSTEMS 
LIMITED 

2095  Madison  Avenue,  Montreal 
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'seismic  effects  of  underground  explosions. 

Four  papers  are  included  in  this  translation  of  a Russian 
work.  The  first  furnishes  information  on  seismic  observa- 
tions in  the  U.S.S.R.  and  in  other  countries  and  analyses 
this  information  from  the  viewpoint  of  possible  detection 
and  recognition  of  underground  nuclear  explosions.  The 
second  discusses  the  results  of  determining  magnitudes  of 
nuclear  explosions  set  off  at  the  test  site  in  Nevada  in  1957- 
58.  The  third  describes  differences  in  the  spectra  of  surface 
waves  from  earthquakes.  The  concluding  paper  provides 
a theoretical  model  of  an  explosion  at  an  interface.  Trans- 
actions (Trudy)  of  the  O.  Yu.  Shmidt  Institute  of  Geo- 
phvsics.  Number  15  (182).  (New  York  Consultants  Bureau, 
19è2.  88p.,  $22.50.) 


A GUIDE  TO  OPERATIONAL  RESEARCH. 

The  author’s  intention  in  writing  this  book  was  to  give 
those  in  management  a brief  account  of  the  philosophy  and 
techniques  of  Operational  Research,  without  going  into  de- 
tailed mathematical  explanations.  He  defines  O.R.,  and 
describes  its  techniques,  including  queueing  theory,  Monte 
Carlo  method,  game  theory,  operational  gaming,  etc.  Finally, 
the  author  discusses  the  place  of  O.R.  in  an  organization, 
how  to  set  up  a programme,  and  the  uses  of  O.R.  in  indus- 
try. For  those  wishing  to  read  more  of  the  theory,  bibliog- 
raphies are  included.  (W.  E.  Duckworth,  London,  Methuen, 
1962.  145p.) 


'coal,  its  formation  and  composition,  2nd  ed. 

This  second,  enlarged  edition  reviews  the  literature  that 
have  appeared  since  the  first  edition  (1954).  Major  changes 
have  been  made  in  those  sections  which  treat  terminology, 
classification,  and  petrology.  Minor  additions  include  short 
summaries  of  the  nature  and  life  cycles  of  bacteria  and 
fungi,  with  the  effects  of  environmental  conditions,  such  as 
moisture,  redox  potential,  and  hydrogen  ion  concentration, 
on  the  decomposition  of  plant  debris  by  those  agencies. 
Topics  treated  somewhat  the  same  as  in  the  first  edition 
include  the  origin  of  coal,  structure  of  coal  forming  plants, 
chemistry  of  plant  products,  composition  of  peat,  lignitous 
coal  and  mature  coals,  normal  and  abnormal  coal  forming 
processes,  inorganic  constituents  of  coal,  and  physical  con- 
siderations, such  as  surface  area  and  immersion  swelling. 
From  35  to  165  references  appear  at  the  end  of  each 
chapter.  (Wilfrid  Francis.  Toronto,  MacMillan,  1961.  806p.,  ! 
$26.50.)  I 


'theory  of  traffic  flow. 

The  papers  in  this  volume  treat  aspects  of  traffic  flow  \ 
theory  ranging  from  the  control  of  traffic  by  means  of 
special  signal  systems  to  the  analysis  of  traffic  flow  using 
statistical  theories  and  models.  Other  subjects  covered  are 
the  design  of  communication  and  transportation  networks, 
single  lane  traffic  theory  and  experiment,  distribution  of 
traffic  on  a road  system,  and  the  traffic  flow  in  single-line 
flow  in  tunnels.  (Robert  Herman.  Amsterdam,  Elsevier, 
1961.  238p.,  32  D.fl.) 

I 

“thermodynamics  of  solids. 

A general  treatment  of  the  thermodynamics  of  the  various 
properties  to  solids.  The  author  attempts  to  weave  the 
atomistic  and  thérmodynamic  interpretation  together,  show- 
ing how  thermodynamic  measurements  can  be  used  to 
obtain  information  about  the  mechanisms  involved.  He 
covers  all  important  classes  of  crystals  and  solids  including 
metals,  semi-conductors,  and  insulators.  A major  part  of 
the  book  is  concerned  with  the  thermodynamics  of  the 
various  defects  incolved  in  crystalline  .solids.  The  major  aim 
throughout  is  to  give  a working  knowledge  of  the  important 
phenomena  involving  crystalline  solids.  (R.  A.  Swalin.  New 
York,  Wiley,  1962.  343p.,  $12.50.) 

m 


Performance  Guaranteed 


3B 

K-M  C expresses  its  guarantee  in  terms  of  performance— a 
specified  number  of  trouble-free  operations  under  specific 
conditions  of  load,  frequency  and  type  of  operation,  without 
changing  of  contacts  or  other  maintenance. 

Thus,  you  can  precisely  and  economically  select  “Bell-M” 
contactors,  to  suit  your  requirements  and  to  match  the 
expected  “service  life"  of  the  machines  they  are  to  control. 
This  is  worth  investigating.  Call  any  office  below 

Klockn  er-Moeller 
Canada  Ltd. 

Head  Office  and  Factory,  Granby,  Que. 

MONTREAL,  Pointe  Claire;  TORONTO,  Rexdale; 

GRANBY,  LONDON,  VANCOUVER 

Bennett  & Emmott  Limited,  Edmonton  and  Calgary. 
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prime  mover  controls 


f Left } 

Kemano  Powerhouse 
Tailrace  Tunnel. 

Entire  project  including 
powerhouse,  excepting 
the  dam,  is  hewn  from 
rock  inside  the  Cascade 
Mountains.  (Below) 
Interior  view  of  one  of  the 
Woodward  Cabinet 
Actuators  built  especially 
for  the  Kemano  project. 


Unusual,  one-of-a-kind  prime  mover  controls  are 
engineered  with  the  same  ease  as  ordinary  applica- 
tions by  Woodward  Governor  Company. 

Kemano  Hydro-Electric  Plant  of  Aluminum  Com- 
pany of  Canada,  British  Columbia,  is  such  an  appli- 
cation. Woodward  needle  control  governors  operate 
the  deflectors  and  needles  on  five  4-jet,  vertical  shaft, 
impulse  turbines  under  a 2,500  ft.  head.  An  hy- 
draulic valve  mechanism  with  cable  feedback  main- 
tains the  relationship  between  jets  to  within  one 
percent  of  the  master  needle  position.  This  feature 
also  makes  it  possible  to  arrange  the  control  so  that, 
for  part  load,  one  or  more  slave  jets  can  be  closed 
to  produce  the  required  horsepower  at  increased 
efficiency.  Total,  ultimate  capacity  of  the  Kemano 
Plant  is  1,600,000  horsepower. 


Other  unique,  multiple-jet,  impulse  turbine  instal- 
lations controlled  by  Woodward  needle  control  gov- 
ernors are  located  at  the  Kundah  Plants  in  India 
(3-  and  5-jets),  Cubatao  Plant,  Brazil  (4-jets), 
Woodleaf  Plant,  Oroville-Wyandotte  Irrigation  Dis- 
trict, California  and  Stanislaus  Plant,  Pacific  Gas 
& Electric  (both  6-jets). 

Expert  Woodward  consultation,  backed  by  more 
than  91 -years  in  the  governor  design  and  manufac- 
turing field,  is  available  throughout  the  world. 
Write  Woodward  today  for  help  with  your  particular 
control  problems. 

WOODWARD  GOVERNOR  COMPANY 

ROCKFORD,  ILLINOIS  • Fort  Collins,  Colorado 

Slough,  England  • Schiphol,  The  Netherlands  • Tokyo,  Japan 
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an  electrifying 
example  of 
Co-operative 
Engineering 


1 


Postal  Station  R,  Toronto  17  (Leaside),  Ontario 
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Project  : 

to  find  a man  " 

to  test  a rubber  glove  to  5,000  volts! 

A mEmufacturer  of  safety  equipment  walked  into  our  labs  and  said,  "Look — I want  to  know  if 
this  glove  is  Euiy  good  . . . Can  you  test  it?” 

We  could  and  we  did.  But  not  with  a man’s  hand,  for  a mere  600  volts  is  enough  to  kill  our  best. 

We  filled  the  glove  with  water  and  wired  it  'as  if’.  The  glove  was  good. 

At  CEUiada  Wire  we  are  happy  to  test  all  kinds  of  things  for  all  kinds  of  people,  including  our  competitors. 
We  have  the  facilities — our  electrical  testing  labs  are  the  largest  in  Canada.  They  have  to  be  large 

for  testing  every  foot  of  the  thousands  of  miles  of  wire  and  cable  we  make  every  year,  and  for 
the  research  and  development  of  new  types  of  cables,  accessories  and  insulating  materials. 

So,  for  inventive  help  and  tested  products,  call  on  Canada  Wire. 


CANADA  WIRE 

CANADA  WIRE  AND  CABLE  COMPANY  LIMITED 
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IN  THIS  ISSUE 


At  the  Beaumont  Hydro-Electric  Development  on  the  St. 
f I Mainice  River,  Quebec,  an  e.xtensive  tailrace  e.vcavation 
i carried  out  by  a large  walking  dragline  resulted  in  a gain 
I of  head  of  more  than  17  feet.  In  liis  paper,  “Tailrace  Im- 
provements at  the  Beaumont  Hydro-Electric  Development’’ , 
C.  G.  Smallridge,  m.e.i.c.,  Hydraulic  Engineer  with  The 
1 1 Shawinigan  Engineering  Company  Limited,  Montreal,  de- 
■ I scribes  the  hydraulic  design  studies,  model  tests  and  exe- 
I cution  of  the  field  work  with  particular  comments  on  the 
' problems  associated  with  the  two  river  crossings. 

I 

i G.  E.  Gunter,  m.e.i.c..  Mechanical  Engineer,  Design  and 
l'  Construction  Division,  New  Brunswick  Electric  Power 
I Commission,  in  his  paper,  “Design  and  Construction  Aspects 
of  the  Beechwood  Third  Unit’’,  describes  the  third  and  final 
I unit  as  the  Beechwood  Generating  Station  on  the  Saint  John 

i River.  The  Unit,  rated  at  55,500  H.P.  at  a net  head  of  57 

i feet  is  somewhat  larger  than  the  existing  two  units.  The 

\ governor  for  the  turbine  is  of  the  electro-hydrauUc  type 

I similar  to  those  on  units  one  and  two.  Investigations  showed 

that  efficiencies  from  the  combination  of  the  turbine  and  the 
I existing  draft  tube  were  caused  by  an  incompatibility  be- 
I tween  turbine  and  draft  tube  which  manifested  itself  as  a 
I separation  at  the  elbow  of  the  tube. 


R.  C.  McMordie,  m.e.i.c..  Manager,  Engineering  and 
Operations,  B.C.  Power  Commission,  in  his  paper  “Some 
Aspects  of  the  International  Background  of  Columbia  Biver 
Projects  in  Canada”,  opens  with  a brief  description  of  the 
Columbia  River,  the  fourth  largest  river  in  North  America. 
To  obtain  a perspective  of  the  river’s  power,  the  total  power 
potential  of  the  river  is  shown  in  relation  to  other  important 
power  rivers,  for  example,  the  St.  Lawrence.  The  history 
begins  with  the  reference  in  1944  to  the  International  Joint 
Commission  of  the  problem  of  determining  whether  a 
greater  use  than  was  being  made  of  the  waters  of  the 
Columbia  River  System  would  be  feasible  and  advantage- 
ous to  the  United  States  and  Canada.  The  author  describes 
the  estabhshment  of  the  International  Columbia  River 
Engineering  Board,  giving  a resume  of  the  Board’s  report 
of  March  1959. 


J.  S.  MacKelvie,  Electronics  & Electrical  Engineer,  H. 
HoUitscher,  Laboratory  Engineer  and  E.  C.  Elgar,  Mechani- 
cal Engineer,  all  with  Canadian  General  Electric  Co.,  in 
Peterborough,  Ont.,  in  their  paper,  “Loss  Measurement  in 
Magnetic  Steel  Above  Saturation  Density  with  Controlled 
Flux  ’Waveform”,  describe  a means  of  producing  controlled 
flux  waveforms  in  standard  steel  samples  over  a range  of 
method  of  measurement  of  loss  is  used  successfully  to 
avoid  the  difficulties  associated  with  the  electrical  measure- 
ment of  loss  at  saturation  flux  density.  Measurement  of 
peak  flux  density  is  made  with  an  average  reading  volt- 
meter attached  to  a search  coil  which  is  compensated  for 
air  leakage  flux.  Peak  magnetic  field  strength  is  measured 
with  another  search  coil. 


The  distribution  of  electric  power  has  grown  rapidly 
since  Edison  started  his  system  in  1882.  Latterly  the  pro- 
gress of  this  branch  of  engineering  has  been  increasingly 
rapid  with  our  industrial  expansion.  In  has  paper,  “Progress 
in  Power  Distribution”,  R.  E.  Jones,  Contributing  Editor, 
Electrical  News  and  Engineering,  Bolton,  Ont.,  traces 
distribution  from  the  start  with  direct  current,  to  the  trans- 
former and  alternating  current,  followed  by  details  of  the 
evolution  of  the  component  parts  of  a system  over  the  years. 
He  reviews  present  practices  and  in  conclusion  makes  some 
predictions  for  the  future. 

The  search  for  power  and  storage  in  Alberta  has  resulted 
in  an  arrangement  between  the  Province  of  Alberta  and 
Calgary  Power  Ltd.  to  build  the  Brazeau  Storage  Develop- 
ment. K.  G.  Brittain,  m.e.i.c..  Design  Engineer  with  Mont- 
real Engineering  Company,  and  J.  L.  Reid,  m.e.i.c..  Super- 
visor, at  Hydro-Electric  Development,  Department  Water 
Resources,  Edmonton,  in  their  paper,  “Design  Concepts  of 
Brazeau  Development  Including  River  and  Hydrology 
Studies”,  describe  the  background  and  events  leading  up  to 
this  combined  effort  between  government  and  public  utility. 

The  project,  developed  to  produce  peak  capacity  and 
peak  energy,  will  complement  other  sources  of  power  in 
the  Province,  and  provisions  have  been  made  to  permit  its 
future  integration  with  other  prospective  sites  on  the 
Brazeau  River.  These  future  sites  are  outlined  in  this  man- 
ner. The  hydrological  investigations  are  discussed.  This 
includes  the  methods  used  to  estimate  the  run-off  for 
power  output  and  floods.  Reservoir  operation  rule  curves 
are  outhned  with  a discussion  of  the  rule  curves  in  relation 
to  the  floods  and  spillway  facilities. 

In  his  paper,  “Economics  of  Heavy  Water  Power  Re- 
actors”, J.  R.  Dickinson  states  that  from  the  beginning  of 
reactor  work,  heavy  water  has  been  a neutron  moderating 
material  attracting  considerable  technical  interest.  Efficient 
slowing  of  fast  neutrons  and  a very  low  absorption  cross- 
section  for  all  neutrons  are  the  two  key  properties  of  heavy 
water  which  make  it  an  outstanding  moderator  for  thermal 
reactors.  The  main  adverse  feature  of  heavy  water  is  its 
current  price  of  $28  per  pound.  The  cost  is  not  so  high 
however  to  preclude  the  use  of  heavy  water  reactors  for 
economical  power  operation.  In  the  Canadian  program  there 
are  three  coolant  systems  judged  to  have  economic  merit. 
Nuclear  plants  appear  attractive  to  those  electrical  utilities 
which  have  developed  their  hydro  resources  and  are  turning 
to  thermal  plants  for  further  system  expansion.  The  nuclear 
plant  is  characterized  by  a high  capital  cost  and  low  fueling 
cost  whereas  the  reverse  is  true  for  a coal  or  oil  fired  plant. 
In  Britain  and  the  United  States,  graphite  reactors,  pres- 
surized light  water  reactors  and  boiling  water  reactors 
have  demonstrated  plant  availabilities  of  over  90%  in  first 
generation  plants. 


COVER  IIXUSTRATION 


Symbolizing  Power  in  Canada — the  theme  of  the  October  Journal — is  Grand  Falls  on  the  St.  John  River. 
At  this  point  the  river  drops  125  feet.  The  hydro  plant  is  located  a half  mile  down  river.  (Photo  courtesy 

the  New  Brunswick  Electric  Power  Commission.) 
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I POWER  IN  CANADA 

■ 

TAILRACE  IMPROVEMENTS 

i 

I AT  THE 

I BEAUMONT  HYDRO  ELECTRIC  DEVELOPMENT 

t 

i 

I 

I 

! 

j C.  G.  Smallridge,  m.e.i.c., 

I Hydraulic  Engineer, 

j The  Shawinigan  Engineering  Co.  Ltd.,  Montreal 

I 

j 

i 

I 


IN  1959  The  Shawinigan  Water  and 
Power  Company  completed  its 
seventh  major  development  on  the  St. 
Maurice  River  at  Rapide  Beaumont. 
The  Beaumont  dam  is  located  ap- 
proximately 10  miles  upstream  of  the 
town  of  La  Tuque  (Fig.  1)  and  has  a 
maximum  height  of  186  ft.  The  power- 
house contains  six  generating  units 
in  a semi-outdoor  arrangement  with  a 
total  rated  capacity  of  246,200  kw.  at 
124  ft.  net  head. 

This  paper  describes  the  design  and 
construction  aspects  of  a major  tail- 
race  excavation  carried  out  as  part 
of  the  construction  of  the  develop- 
ment. This  excavation  enabled  a gain 
in  rated  head  of  17.6  ft.  to  be  real- 
ized, which  is  equivalent  to  an  in- 
crease in  powerhouse  rated  capacity 
of  48,000  kw. 

Between  the  Trenche  Development, 
at  river  mileage  128,  and  the  La 
Tuque  Development,  at  mileage  104, 
the  river  dropped  approximately  135 
ft.  in  an  almost  continuous  rapids 
section.  The  Beaumont  dam  site  was 
selected  near  mileage  113  because  of 
unfavourable  bank  topography  and 
geology  in  the  lower  section  of  the 
reach  and  controlling  grades  on  the 
C.N.  railway  diversion. 
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Fig.  2.  Boulder  Paving  on  River  Bed. 


At  this  point,  only  110  ft.  of  the 
natural  drop  was  available  and  studies 
were  therefore  initiated  to  determine 
the  economic  feasibility  of  recovering 
part  of  the  remaining  drop  between 
Beaumont  and  the  La  Tuque  head- 
pond. 

The  river  bed  material  consisted  of 
glacial  deposits  varying  from  till  to 
coarse  sand  and  boulder,  with  a gen- 
eral paving  of  boulders.  This  paving 
formed  an  extremely  hard  and  almost 
impenetrable  crust  which  hampered 
preliminary  exploration  of  the  river 
bed  material  (Fig.  2).  Several  rock 
outcrops  were  in  evidence  along  both 
river  banks. 

Preliminary  hydraulic  studies  indi- 
cated that  a gain  in  head  of  15  ft. 
was  feasible  for  full  powerhouse  dis- 
charge of  25,000  c.f.s.  This  required 
a tailrace  channel  175  ft.  wide  and 
20  ft.  deep,  or  of  equivalent  section, 
extending  from  the  dam  to  a point 
near  the  foot  of  the  rapids  some  2/2 
miles  downstream.  It  was  realized, 
however,  that  underwater  rock  ex- 
cavation must  be  avoided  in  order  to 
recover  this  head  economically.  A 
comprehensive  field  investigation  of 
seismic  and  surveying  work  was  there- 
fore set  up  in  conjunction  with  the 
investigations  at  the  dam  site  to  de- 
termine the  bedrock  and  river  bed 
contours  along  the  proposed  channel. 

The  212  mile  reach  was  split  into 
32  sections  which  were  accurately 
located  in  the  field  and  used  as  refer- 


ence sections  throughout  the  work 
(Fig.  3).  River  bed  contours  were  ob- 
tained from  the  seismic  survey  and 
were  checked  by  means  of  an  echo 
sounder  as  the  excavation  progressed. 

Method  of  Excavation 

Coincident  with  the  preliminary 
field  work,  various  methods  of  carry- 
ing out  the  excavation,  such  as  dredg- 
ing, excavation  from  barges  and  cable- 
ways  and  by  means  of  draglines,  were 
studied  in  detail  and  the  decision  was 
made  to  use  a large  dragline  exca- 
vator capable  of  using  buckets  of 
at  least  10  cu.  yd.  capacity.  Apart 
from  being  the  most  economic  solu- 
tion, this  was  considered  to  offer 
the  most  versatility  under  field 
conditions  where  local  high  ve- 
locities would  be  encountered  and 
where  the  existing  bank  topography 
did  not  allow  access  to  the  river  from 
both  sides.  A suitable  dragline  with 
a 165  ft.  boom  and  a 14  cu.  yd. 
bucket  capacity  was  located  in  Penn- 
sylvania where  it  had  been  used  for 
opencast  coal  operations.  This  machine 
weighing  600  tons  was  purchased, 
dismantled  and  loaded  on  20  rail 
freight  cars  for  shipment  to  Beaumont 
in  the  late  summer  of  1957. 

The  dragline  was  reassembled  on 
a site  adjacent  to  the  east  bank  of 
the  St.  Maurice  River  close  to  Section 
10  and  was  ready  to  begin  excavating 
by  January,  1958  (Fig.  4). 


Hydraulic  Design 

The  locations  of  gauges  in  the 
reach  of  the  river  below  the  power- 
house are  also  shown  in  Fig.  3. 
Gauges  #3  and  #11  at  Section  22 
indicate  the  powerhouse  tailwater 
levels  at  the  upstream  end  of  the  I 
reach  where  the  increase  in  head  was  I 
calculated  for  the  various  channel  i 
designs  considered.  j ^ 

It  will  be  noted  that  gauges  in-i| 
stalled  in  previous  seasons  had  beenJ 
located  only  between  Sections  17  and  It 
22  at  the  upstream  end,  and  between 
Sections  2 and  3 at  the  downstream! 
end.  Water  surface  profiles  along  thej 
reach  were  therefore  called  for  to 
augment  the  gauge  data  and  to  assist 
in  estimating  the  natural  profiles  ofj 
the  river  over  a range  of  flows.  This  I 
information  was  used  to  evaluate  the 
effective  roughness  of  the  natural 
river  channel.  ! 


Fig.  3.  Plan  of  Tailrace  Showing  Section 
Locations. 
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Fig.  4.  Fourteen  Cubie  Yard  Dragline. 


I A series  of  backwater  calculations 
\as  made  by  a step-b> -step  method 
o match  the  natural  water  surface 
jrofiles  using  the  Manning  formula, 

hf  n ~v~ 

T ^ 2.20Si?^'^ 

|.md  correcting  for  velocity  head 
changes.  Thas  was  done  for  different 
lows  and  values  of  Manning’s  “n” 
.arying  from  .036  to  .055  with  vari- 
jous  trial  assumptions  for  velocity  head 
loss.  The  most  consistent  results  were 
obtained  with  n — .055  and  a 50% 
recovery  of  velocity  head  in  decelerat- 
ing flow. 

This  value  of  “n”  was  then  cor- 
rected for  the  excavated  channel  to 
■ allow  for  the  reduction  in  roughness 
caused  by  the  change  in  hydraulic 
radius  and  the  improved  channel 
alignment.  The  value  adopted  for  the 
tailrace  design  was  n — .045. 

! The  channel  was  designed  to  lower 
the  level  at  Section  22  by  15  ft.  for 
a flow  of  25,000  c.f.s.  corresponding 
approximately  to  the  full  load  flow 
from  six  units  in  the  Beaumont  power- 
house. Initially  it  was  proposed  to 
excavate  the  channel  from  Section  0 
to  Section  22  and  backwaters  were 
worked  out  for  this,  but  is  was  found 
that  corresponding  backwaters  for 
the  same  channel  cross-section,  start- 
ing at  points  as  far  upstream  as  Sec- 
tion 2A,  converged  to  give  virtually 
the  same  conditions  upstream.  In 
addition,  daily  fluctuations  in  the  La 
Tuque  forebay  of  1 to  I/2  ft.  were 
found  to  have  a negligible  effect  at 
Section  2A  due  to  a partial  control 
downstream.  Excavation  downstream 
of  Section  2A  was  therefore  removed 
from  the  schedule. 

The  variations  in  river  widths  and 
depths  to  bedrock  necessitated  three 
basic  channel  sections  and  these  were 
connected  by  regular  transitions  to 
maintain  uniform  water  surface  pro- 
files along  the  channel.  Fig.  5 shows 
a typical  section  of  the  excavated 
channel  contained  by  dikes  built  from 
the  excavated  material.  The  hydraulic 
characteristics  of  the  channel  sections 
for  the  design  discharge  of  25,000 
c.f.s.  are  shown  in  Table  I. 


The  channel  was  laid  out  in  plan 
to  reduce  excavation  quantities  to  a 
minimum,  to  avoid  bedrock  excava- 
iton  and  to  permit  construction  of  a 
suitable  working  road  for  the  dragline 
with  minimum  rehandling  of  material. 

Fig.  6 shows  the  natural  water 
surface  profiles  and  the  calculated 
profiles  for  the  excavated  channel  at 
various  flows. 

In  planning  the  construction  work 
on  the  channel,  numerous  problems 
came  to  light  which  led  to  the  deci- 
sion to  construct  a hydraulic  model  of 
the  complete  tailrace  to  determine  the 
optimum  method  of  carrying  out  the 
work.  A distorted  model  with  a hori- 
zontal scale  of  I to  240  and  a vertical 
scale  of  I to  80  was  built  at  the 
National  Research  Council,  Ottawa, 
so  that  alternative  methods  of  carry- 
ing out  the  excavation  could  be 
studied  in  detail.  The  principal  object 
of  the  tests  was  to  determine  the 
excavation  method  which  would  en- 


sure the  greatest  lowering  of  tailwater 
from  the  time  the  first  unit  came  on 
power  without  encountering  excava- 
tion difficulties  due  to  local  hydraulic 
conditions. 

The  proposed  excavation  was  cast  in 
the  model  as  a series  of  separate  re- 
movable blocks  so  that  each  stage 
of  the  excavation  could  be  studied. 
To  calibrate  the  model  initially,  the 
bed  roughness  was  adjusted  until  the 
natural  gauge  readings  were  repro- 
duced. 

Fig.  7 shows  the  model  in  opera- 
tion under  partly  excavated  conditions 
with  the  design  flow  of  25,000  c.f.s. 

Three  excavation  schemes  were 
proposed  for  study  on  the  model  (Fig. 
8).  All  were  governed  by  the  follow- 
ing considerations  : — 

a)  The  excavation  of  the  west  half 
of  the  channel  was  to  be  completed 
before  removal  of  the  tailrace  coffer- 
dam since  the  latter  formed  the  only 
access  road  to  the  west  side  of  the 
river  until  the  powerhouse  draft  tube 
deck  became  available  late  in  the 
construction  period. 

b)  Economic  considerations  made  it 
desirable  to  lower  the  tailwater  as 
much  as  possible  before  the  on  power 
date  of  the  first  unit. 

c)  The  dragline  operation  was  to 
proceed  smoothly  without  encounter- 
ing ad\’erse  ludranlic  conditions 
which  might  hamper  progress  or  eause 


Fig.  5.  Typical  Section  of  Tailrace  Channel. 
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Channels. 


erosion  of  the  roadbed  on  which  the 
machine  moved. 

From  the  model  studies,  it  was 
apparent  that  the  most  appreciable 
reduction  in  tailwater  level  occurred 
with  the  excavation  of  the  channel  be- 
tween Sections  17B  and  22  and  that 


the  gain  in  head  was  not  significantly 
different  for  any  of  the  schemes 
studied  after  the  on  power  date  of  the 
first  unit.  This  is  illustrated  in  Fig.  8. 
For  reasons  of  access  to  the  dragline, 
the  actual  schedule  used  was  a slight 
modification  of  Scheme  I. 


Fig.  7.  Model  of  Tailrace  with  Completed  Excavation  25,000  c.f.s. 


River  Crossings  : 

The  method  used  to  travel  the  ' 
dragline  across  the  river  was  to  build  J 
a causeway  approximately  80  ft.  wide  ' 
and  some  8 to  10  ft.  above  the  nor-  i 
mal  water  level.  When  the  causeway  ; 
reached  more  than  half  way  across  : 
the  river,  the  dragline  removed  the  i 
causeway  behind  itself  and  used  this  f 
material  to  eontinue  to  the  other  ; 
bank. 

I 

The  initial  river  crossing  was  com-  j 
pleted  at  Section  10  without  difficulty,  ' 
and  the  dragline  began  the  construe-  . 
tion  of  a workroad  in  the  river  close  f 
to  the  west  bank,  upon  which  it  i 
would  travel  upstream  towards  the  ! 
powerhouse.  Both  the  causeway  and  \ 
the  work  road  were  constructed  witli  1 
material  excavated  by  the  dragline  ( 
from  the  river  channel  and  consisting  \ i 
of  sand,  gravel  and  boulders  which  1; 
ranged  up  to  a size  of  6 cu.  yd.  each,  t 
The  excavated  material  from  the  new  ■ 
river  channel  was,  in  general,  to  be  ) 
deposited  in  dikes  on  either  side  of  L 
the  river  to  maintain  a constant  chan-  ■ 
nel  width,  but  with  a depth  increased  ; 
in  places  by  up  to  25  ft.  These  dikes  I ■ 
were  formed  on  top  of  the  work-  y 
roads  used  by  the  dragline  and  com-  ; . 
pleted  as  a final  operation  before  it  ) 
left  each  area. 


Progress  of  Excavation 

The  dragline  proceeded  upstream  : i 
and  finished  the  building  of  the  work-  ; I 
road  as  far  as  Section  14B  an  the  west 
bank  of  the  river  before  the  spring  !■ 
flood.  At  this  time  high  velocities  b 
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Fig.  6.  Water  Surface  Profiles  for  Natural  and  Excavated 


Velocity  measurements  and  visual 
observations  on  the  model  indicated 
that  operation  of  the  dragline  would 
not  be  affected  appreciably  by  high 
local  velocities  for  the  normal  dis-  ! 
charge  of  25,000  c.f.s.  While  veloci- 1 
ties  up  to  15  f.p.s.  were  indicated, 
these  were  associated  with  small  , 
depths  of  flow  of  the  order  of  5 to 
7 ft. 

As  the  excavation  progressed,  hy- 
draulic calculations  were  carried  out . 
to  evaluate  possible  changes  to  the  1 
scheme  of  excavation  and  to  check  ; 
the  design  assumptions.  < 

In  excavated  reaches  where  sub- 
critical  flow  prevailed,  backwaters  r 
were  computed  by  the  unit  fall  i 
method  making  use  of  water  levels  ; 
measured  in  the  field  and  calculated  : 
in  the  original  step-by-step  calcula-  } 
tions.  1 
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made  it  impossible  to  excavate  satis- 
factorily and  caused  appreciable  ero- 
! sion  at  the  upstream  end  of  the  ^\'ork- 
j road.  While  flood  conditions  existed, 
I it  was  decided  to  travel  the  dragline 
overland  to  Section  18,  and  then  to 
construct  the  workload  from  that 
point  upstream  to  the  powerhouse 
cofferdam. 

The  building  of  this  portion  of  the 
workload  proved  to  be  the  hardest 
“digging”  experienced  in  the  whole 
project.  The  material  encountered  in 
this  section  consisted  of  very  large 
boulders,  fine  sand,  and  a compacted 
sandy  silt  which  could  only  be  “worn 
clown”  by  repeated  passes  of  the 
bucket  teeth,  after  wdiich  it  became 
a thick  black  slurry. 

From  Section  18  to  the  power- 
house, the  new  river  channel  narrowed 
to  conform  with  the  natural  limits  of 
the  St.  Maurice  River.  The  final 
e.xcavation  plans,  therefore,  required 
that  all  excavated  material  be  re- 
moved to  dumps  away  from  the  river’s 
edge,  and  because  of  the  difficulty 
in  travelling  the  dragline  upsti'eam  of 
Section  16  on  the  east  bank,  the  com- 
plete channel  excavation  had  to  be 
carried  out  from  the  west  bank  of  the 
river. 

Because  of  the  nature  of  the  mate- 
rial in  the  river  bed  between  these 
sections,  it  was  very  difficult  to  build 
a suitable  workroad  for  the  dragline. 
The  water  flowing  through  the  tem- 
porary bypass  channel  at  the  dam 
caused  higher  velocities  and  greater 
turbulence  at  a point  where  the  work- 
road  was  formed  with  the  least  suit- 
able of  materials.  Rather  than  “im- 
port” suitable  material  from  elsewhere 
on  the  site,  the  dragline  undercut  the 
edge  of  the  west  bank  of  the  river 
which  entailed  drilling  and  blasting 
of  rock.  At  this  stage,  a heavy  steel 
loading  hopper  was  fabricated  and 
built  on  site  for  loading  the  excavated 
material  from  the  cofferdam  and  river 
channel  into  22  ton  capacity  Euclid 
trucks.  This  was  built  on  skids  so  that 
two  T.D.  24  ti'actors  could  move  it 
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Fig.  8.  Alternative  Schemes  of  Excavation. 


ahead  of  the  dragline  as  the  excava- 
tion of  the  cofferdam  and  tailrace 
channel  proceeded. 

The  excavated  material  was  trans- 
ported by  truck  to  the  main  dump 
for  the  powerhouse  and  dam  project 
at  about  Section  18  on  the  west  bank 
of  the  river.  After  removal  of  the 
cofferdam,  the  dragline  began  to  work 
it  way  downstream  from  the  power- 
house tailrace,  excavating  the  road 
upon  which  it  had  been  standing  and 
leaving  the  river  channel  excavated 
to  the  required  depth  and  width. 
Between  Sections  17A  and  15A,  the 
excavation  of  the  complete  channel 


width  was  carried  out  by  the  dragline 
from  the  west  bank,  with  the  bulk 
of  the  excavated  material  being  cast 
on  top  of  the  west  bank  of  the  river. 

The  dragline  reached  the  workroad 
at  Section  14B  which  it  had  prepared 
in  the  previous  year  and  continued 
the  excavation  of  the  west  half  chan- 
nel to  Section  4 without  difficulty, 
continuing  work  right  through  the 
spring  flood  of  1959. 

It  had  been  decided  to  cross  the 
dragline  from  the  west  bank  to  the 
east  bank  at  a point  just  upstream 
of  Section  5 where  the  river  was  very 
shallow.  For  this  reason,  as  the  drag- 


TABLE  I 

Hydraulic  Characteristics  of  Tailrace  Channel 


Reach 

No. 

Length 

Base 

Width 

Ft. 

Depth 

o.f 

Flow 

Hydraulic 

Radius 

Velccity 
ft., see. 

I 

Sections  19-22 

1520  ft. 

140 

24 

18.9 

29800 

6 

Fig.  9.  Tailwater  Levels  (Section  22). 


Flow  1000  0.  F S, 


II 

Sections  18-16 

120 

1323  ft. 

III 

Sections  2A  to 

175 

15A— 8713  ft. 

20 

17 

30400 

5.4 

20 

15.6 

29400 

5.4 
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line  moved  downstream,  no  material 
was  removed  at  the  point  where  the 
causeway  would  be  constructed.  This 
resulted  in  high  local  velocities  at  the 
causeway  location,  and  excavation  of 
a bypass  channel  was  decided  on  to 
divert  some  of  the  river  flow  away 
from  the  main  channel.  The  bypass 
channel  was  e.xcavated  from  a point 
upstream  of  Section  3 to  Section  6 
with  the  dragline  working  upstream. 

Completion  of  the  bypass  channel 
involved  severing  land  access  to  the 
dragline,  so  this  operation  was  de- 
layed until  the  actual  crossing  to  the 
east  bank  had  started.  Due  to  high 
river  flows,  the  dragline  was  idle  for 
six  days  on  the  island  between  the 
bypass  channel  and  the  main  channel, 
but  after  the  flows  decreased  the 
crossing  operation  was  completed  in 
a similar  manner  to  the  previous 
crossing. 

From  this  point  on,  the  previous 
procedure  was  repeated,  i.e.,  the  con- 
struction of  a workroad  as  the  drag- 
line moved  upstream  and  completion 
to  the  entire  width  of  the  channel  on 
its  way  downstream.  The  dragline 
reached  Section  15A  on  the  east  side 
of  the  river,  started  working  down- 
stream, and  completed  the  e.xcavation 
to  Section  4 without  difficulty. 


At  this  stage,  the  total  increase  in 
head  gained  by  the  channel  excava- 
tion at  a discharge  of  25,000  c.f.s 
was  measured  at  16.2  ft.  The  addi- 
tional gain  in  head  was  largely  due 
to  the  effect  of  the  bypass  at  Section 
4,  but  the  fact  that  the  actual  channel 
sections  were  larger  than  called  for  in 
some  areas  also  contributed,  as  did 
the  improved  alignment  of  the  ex- 
cavated channel.  It  was  therefore 
decided  to  excavate  only  the  east  half 
channel  between  Sections  4 and  2A 
to  complete  the  work.  Following  this, 
the  dragline  travelled  upstream  once 
more  along  the  finished  dike  as  far 
as  Section  10  to  the  area  where  it  had 
been  assembled  21  months  before,  and 
the  tailrace  improvement  for  the 
Beaumont  Development  was  com- 
pleted. 

Final  Conditions 

The  tailwater  stage-discharge  curves 
for  initial  theoretical  and  actual  con- 
ditions are  shown  in  Fig.  9.  The 
final  increase  in  head  given  by  the 
channel  excavation  at  25,000  c.f.s. 
was  17.6  ft.,  equivalent  to  16%  of  the 
rated  net  head  without  tailrace  im- 
provement. 

During  the  course  of  the  work  on 
the  channel  excavation,  considerable 


attention  had  been  paid  to  the  stabil-  [ 
ity  of  the  channel  under  high  flood  ' 
flows,  particularly  in  view  of  the  large 
variation  in  the  boulder  content  of 
the  excavated  material. 

The  excavated  channel  was  put  to 
the  test  at  an  early  date  since  the  | 
spring  flood  of  1960,  following  com-  j 
pletion  of  the  work,  was  one  of  the  j 
highest  on  record  and  the  channel  | 
was  subject  to  flows  of  up  to  105,000  * 
c.f.s. 

Water  levels  were  taken  along  the  ' 
completed  channel  periodically  during  t 
the  winter  and  in  particular  during  t 
the  spring  flood.  It  was  found  that  , 
the  levels  at  the  powerhouse  returned  > 
to  within  0.1  ft.  of  their  previous  i 
values  after  the  flood  had  receded,  ' 
leaving  a stabilized  excavated  channel  i 
with  a very  uniform  and  pleasing  i 
appearance. 

Table  II  gives  the  summary  of  ex-  ; 
cavation  quantities  for  the  tailrace  ji 
improvement  scheme. 


TABLE  II 


Summary  of  Quantities 


CU.  yd. 

Actual  excavation  to 

form  new  river  channel 

2,081,719 

Theoretical  excavation 

(original  scheme) 

1,660,000 

Material  rehandled 

319,000 

Construction  of  causeways 

164,856 

Total  materials  handled  by 

14  cu.  yd.  dragline 

2,565,575 

Excavation  by  small 

draglines 

157,952 

Total  for  Tailrace 

Improvement  Scheme 

2,723,527 

The  incremental  cost  of 

the  addi- 

tional  rated  capacity  obtained  from 
the  tailrace  improvement  scheme  was 
$42/hp.  Î 
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POWER  IN  CANADA 


ECONOMICS 

OF  HEAVY  WATER  POWER  REACTORS 


/.  R.  Dickinson, 

Civilian  Atomic  Power  Department, 

Canadian  General  Electric  Company,  Peterborough,  Ont. 


ROUND  THE  WORLD,  among 
nuclear  workers,  the  term  “heavy 
water”  and  the  name  “Canada”  are 
almost  synonymous.  This  has  come 
about  as  a result  of  the  straightforward 
and  vigorous  way  in  which  the  Crown 
company.  Atomic  Energy  of  Canada 
Limited,  with  the  support  of  the 


Canadian  manufacturing  and  utility 
industries  has  planned  and  is  carrying 
through  a nuclear  power  develop- 
ment program  suited  to  this  country. 
Substantial  amounts  of  money  are 
spent  year  by  year  working  towards 
the  achievement  of  economic  nuclear 
power.  The  commitment  of  resources 


is  a large  one  for  a country  the  size 
of  Canada  but  is  no  more  than  ade- 
quate to  support  successfully  the  de- 
velopment of  suitable  variants  of  one 
basic  reactor  type.  The  chosen  basic- 
type  is  the  heavy  water  moderated 
power  reactor. 

This  paper  will  outline  three  types 


Fig.  1.  Cut-away  view  of  200MW  CANDU  reactor  building  at  Douglas  Point,  Ont. 
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of  heavy  water  moderated  powder  re- 
actor which  are  part  of  the  Canadian 
dev'elopment  program  for  nuclear 
power.  Competitive  sources  of  power 
and  the  place  for  nuclear  power  in 
Canadian  utility  systems  are  sug- 
gested. The  paper  will  close  with  some 
comments  on  the  interest  of  other 
countries  in  heavy  water  power  re- 
actors. 

Heavy  Water  Moderator 

From  the  beginning  of  reactor  work, 
heavy  water  has  been  a neutron 
moderating  material  attracting  con- 
siderable technical  interest.  Efficient 
slowing  down  of  fast  neutrons  and 
a very  low  absorption  cross-section  for 
all  neutrons  are  the  two  key  proper- 
ties of  heavy  water  which  make  it  an 
outstanding  moderator  for  thermal  re- 
actors. Only  graphite  and  heavy  water 
are  practical  as  moderators  for  reac- 
tors operating  on  natural  uranium 
fuel;  of  the  two,  heavy  water  has  a 
clear  cut  advantage  over  graphite  in 
nuclear  properties.  To  put  it  another 
way,  a reactor  having  high  neutron 
economy  can  be  designed  using  heavy 
water  as  a moderator.  Good  neutron 
economy  in  a power  reactor  is  as 
important  as  is  high  thermal  efficiency 
in  a steam  turbine  cycle.  Neutron 
economy  will  increase  as  power  re- 
actors are  improved  just  as  thermal 
efficiencies  have  increased  as  turbines 
have  been  improved.  Good  heavy 
water  moderated  reactors  have  better 
neutron  economy  than  most  other 
reactor  types  and  this  is  the  basic 
reason  that  Canada  has  concentrated 
on  developing  this  reactor. 

There  are  other  advantages  of  using 
heavy  water  as  a moderator.  Materials 
in  reactor  cores  are  exposed  to  intense 
radiation  fields  which  cause  damage 
and  limit  their  useful  life.  Not  only 
is  heavy  water  resistant  to  radiation 
damage  but  also  the  decomposition 
products  of  deuterium  and  oxygen 
gases  can  easily  be  recombined  into 
heavy  water.  Being  a liquid,  heavy 
water  does  not  introduce  problems 
of  dimensional  changes  during  irradia- 
tion and  can  also  easily  be  circulated 
outside  the  core  to  remove  heat. 

The  main  adverse  feature  of  heavy 
water  is  its  high  cost.  During  the 
1940’s  and  early  19.50’s  production 
costs  as  high  as  $100  per  pound 
caused  many  to  reject  heavy  water  as 
a nuclear  material  in  spite  of  its  good 
nuclear  properties.  The  building  of  a 
large  heavy  water  production  plant  in 
the  United  States  brought  the  price 
down  to  the  current  $28  per  pound. 
Isakoff^  has  estimated  that  with  pro- 
cess improvements  heavy  water  might 
be  produced  for  under  $20  per  pound 
in  the  future.  Nevertheless,  heavy 
water  will  remain  a substantial  cost 


item  which  has  an  important  influence 
on  station  design  and  operation.  The 
cost  is  not  so  high,  however,  to  pre- 
clude the  use  of  heavy  water  reactors 
for  economical  power  operation.  For  a 
200  Mw.  (electrical)  unit  about 
320,000  lb.  of  heavy  water  moderator 
inventory  are  required  which  at  the 
current  price,  contributes  $45  per 
kw.  to  the  capital  cost  of  the  plant. 
Table  1 indieates  the  variation  of  the 
moderator  inventory  capital  cost  with 
unit  size.  Providing  the  remainder  of 
the  plant  costs  are  reasonable,  and 
the  fuel  costs  are  low,  this  heavy 
water  inventory  charge  is  quite  toler- 
able. 

TABLE  1. 

Moderator  Inventory  Cost 

Net  electrical  Heavy  Water  Moderator 
oidput  Inventory  Cost 

100  Mw.  153  per  Kw. 

200  45 

300  41 

(heavy  water  taken  at  $28  per  pound.) 

Heavy  water  will  be  lost  during 
operation  during  fuel  changing,  by 
leakage  at  valve  stems  and  pump 
seals,  by  the  changing  of  resin  beds 
in  the  ion  columns,  by  residues  left  in 
equipment  under  maintenance,  and 
through  accidental  spills  during  hand- 
ling. Early  experience  in  research 
reactors  indicated  such  losses  might 
be  as  high  as  3%  of  the  inventory  per 
year  or  roughly  0.2  mills  per  kwh. 
at  80%  capacity  factor.  For  power  re- 
actors now  being  designed  this  seems 
an  unduly  pessimistic  estimate.  By 
taking  care  to  build  leak  tight  heavy 
water  systems  and  by  backing  up 
these  with  leakage  recovery  systems 
the  net  cost  of  heavy  water  makeup 
should  be  under  0.1  mills  per  kwh. 
for  plants  using  heavy  water  as  a 
coolant  as  well  as  a moderator,  and 
much  less  if  another  coolant  is  used. 

Choice  in  Coolant  Systems 

The  heat  energy  generated  in  the 
fuel  is  transported  out  of  the  reactor 
core  in  the  primary  coolant  system. 
This  heat  is  supplied  to  a steam 
turbine-generator  set  for  conversion  to 
electrical  energy.  Differences  in  the 
design  of  the  primary  coolant  system 
can  give  significantly  different  reactor 
designs.  In  the  Canadian  program 
there  are  three  coolant  systems  judged 
to  have  economic  merit:  heavy  water 
cooling,  organic  cooling  and  fog  cool- 
ing. Each  system  has  its  advantages. 

The  Heavy  Water  Cooled  Plant 

The  pressurized  heavy  water  cool- 
ant system  was  used  first  for  the  NPD 
reactor  and  later  for  the  CANDU 
reactor.  Heavy  water  is  pressurized 
to  prevent  boiling  and  is  circulated 
between  the  reactor  core  and  a steam 


generator.  The  flow  velocities  are  high 
to  reduce  the  heavy  water  coolant  in- 
ventory at  the  expense  of  pumping 
power.  For  a 200  Mw.  (electrical) 
unit  an  additional  heavy  water  inven- 
tory of  about  100,000  lb.  is  neededl 
for  the  coolant  circuit  adding  another' 
$14  per  Kw.  to  the  capital  cost  of  thei 
plant  above  that  for  the  moderator.: 

The  coolant  system  operates  at  a 
pressure  high  enough  to  suppress| 
boiling.  At  the  temperatures  of  inter-' 
est  the  vapour  pressure  of  heavy  waterj 
is  high  and  increases  rapidly  for  small! 
increases  in  temperature.  In  the| 
CANDU  plant  the  coolant  system! 
pressure  is  close  to  1500  p.s.i.a.  The 
high  system  pressure  complicates  the 
design  and  adds  to  the  cost  of  gener-i 
ating  power  in  several  ways.  First,  the| 
cost  of  system  components  is  highi 
because  heavy  components  and  a highj 
degree  of  leak  tightness  are  required.! 
Second,  the  task  of  changing  the  fuel| 
which  is  inside  the  pressure  boundary) 
is  more  difficult  particularly  for  on-; 
power  fuel  changing.  Third,  the  thick)  ' 
zircaloy  coolant  tubes  passing  through) 
the  reactor  core  are  a penalty  against, , 
the  neutron  economy  and  reduce  theli 
obtainable  fuel  burnup. 

In  the  CANDU  design  the  coolant! 
leaves  the  reactor  at  560  °F.  This  lowi 
outlet  temperature  is  the  most  import- 'i 
ant  single  factor  limiting  the  net! 
station  efficiency  to  about  29%.  TheC 
outlet  temperature  is  limited  by  the  ( ■ 
high  temperature  properties  of  the  I • 
zircaloy-2  alloy  used,  for  the  reactor 
coolant  tubes.  New  alloys  of  zircaloy  i 
may  allow  an  outlet  temperature  as  1. 
high  as  620°F  and  a net  station  effi-b 
ciency  of  about  31%  in  future  improve-  Ï 
ments  of  the  heavy  water  coolant  1 
system.  The  coolant  system  pressure,  j 
however,  would  be  around  2100! 
p.s.i.a.  which  is  a factor  of  1.4  over  ! 
the  present  CANDU  system  pressure.  | 
A net  station  efficiency  of  31%  is  î 
probably  an  economical  upper  limit  5 
for  a plant  with  a heavy  water  coolant  ( 
system.  ; 

The  reactor  core  and  fuel  can  be  1 
designed  not  only  for  a high  thermal  ; 
performance  but  also  for  an  excellent  | 
neutron  economy.  Fuel  bundles  of  fc 
sintered  uranium  oxide  of  natural  en-  ) 
richment  sheathed  in  thin-wall  zirc-  j 
aloy  tubing  can  reach  in  the  CANDU  ; ' 
reactor  an  average  fuel  burnup  of  ) 
close  to  10,000  MWD/TeU  (Mega-  i ■ 
watt  days  per  metric  tonne  of  con-  i 
tained  uranium).  At  a fuel  cost  of  $30  f 
per  pound  of  oxide  the  unit  fueling  j 
cost  is  1.1  mills  per  kwh.  Future  cost  y 
reductions  are  expected  to  bring  the  > 
unit  fueling  cost  under  1.0  mill  per 
kwh. 

J.  L.  Gray^  states  the  total  capital  i 
cost  of  the  200  Mw.  CANDU  station  ; 
to  be  $408  per  kw.  Of  this,  as  was  j 
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■previously  noted,  about  $59  per  kw.  tial  amounts  for  nuclear  equipment,  in  the  NPD  and  CANDU  projects 

is  the  non-depreciating  inventory  of  special  conventional  equipment,  and  will  point  the  way  to  substantial  cost 

heavy  water.  The  remaining  plant  engineering  development.  These  are  reductions  in  future  plants  of  the 

costs  of  $349  per  kw.  include  substan-  all  areas  where  the  experience  gained  CANDU  type.  Extrapolating  from 


Fig.  2.  Cut-away  view  of  OTR  reactor  at  the  new  Whiteshell  research  centre. 
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British  and  American  reactor  experi- 
ence and  excluding  heavy  water,  the 
future  cost  might  fall  by  almost  30% 
to  $250  per  Kw.  If  at  that  time  heavy 
water  can  be  purchased  at  $20  per 
pound  the  total  capital  cost  would 
be  about  $290  per  kw.  for  a 200  Mw. 
(net  electrical)  plant. 

The  operating  costs  of  the  CANDU 
plant,  other  than  fuel,  are  estimated 
to  be  about  1.0  mill  per  kwh.  This 
estimate  is  probably  conservative  but 
operating  time  in  the  NPD  and 
CANDU  plants  is  needed  before  the 
operating  costs  can  be  better  estab- 
lished. 

The  total  unit  energy  costs  result- 
ing from  all  these  estimates  is  sum- 
marized in  Table  2.  The  unit  eosts 
are  based  on  a 200  Mw.  station  with 
a capacity  factor  of  80%  and  a com- 
posite annual  capital  charge  rate  of 
6.5%.  The  future  eost  is  only  a reason- 
able objective;  it  is  not  a firm  esti- 
mate. The  capital  charge  rate  is  rea- 
:Sonable  for  publie  utilities. 

TABLE  2 

vC-\NDU  Lhiit  Energy  Costf 

Present  Future 

Unit  capital  cost  3.9  2.7 

Unit  fueling  cost  1.1  1.0 

Unit  operation 
and  maintenance  1.0  1.0 

Total  unit  energy 

cost  6.0  4.7  mill  per  kwh 

The  OCDR  Organic  Cooled  Plant 

Organic  materials  of  the  terphenyl 
family  have  two  properties  which 
make  them  attractive  for  use  as  a 
reactor  coolant.  First,  the  terphenyls 
have  a low  vapour  pressure  allow- 
ing coolant  systems  to  be  operated 
at  low  pressures  even  at  tempera- 
tures up  to  800 °F.  Second,  the  ter- 
phenyls are  a byproduct  of  petroleum 
refining  costing  in  the  range  of  12 
to  53  cents  per  pound.  In  comparison 
with  heavy  water  coolant,  organic 
coolant  with  these  properties  offer 
the  potential  for  substantial  cost  sav- 
ings. The  coolant  system  operating 
pressure  can  be  under  300  p.s.i.a.  and 
the  organic  inventoiy  in  the  coolant 
system  contributes  less  than  $1  per 
kw.  to  the  capital  cost  of  an  OCDR 
plant.^ 

Organic  coolants  are  damaged  by 
high  temperatures  and  also  by  radia- 
tion in  a reactor  core.  The  pyrolytic 
damage  rate  is  not  significant  at  tem- 
peratures under  about  750°F.  The 
radiolytic  damage  rate  is  significant 
at  all  temperatures.  The  high  boiler 
damage  products  are  removed  from 
the  coolant  by  distillation  during 
operation  and  are  replaced  with 
fresh  organic  at  the  rate  of  about 
0.6  X 10'^  pounds  per  kwh.  of  power 


generated.  At  a makeup  coolant  cost 
of  53  cents  per  pound  this  represents 
a unit  operating  cost  of  about  0.3  mill 
per  kwh.  By  reclaiming  part  of  the 
high  boiler  damage  products  and  by 
using  a cheaper  makeup  coolant  it 
may  be  possible  to  cut  this  operating 
cost  in  half. 

The  onset  of  pyrolytic  damage  in 
the  organic  as  bulk  temperatures  rise 
above  750°  F limits  the  reactor  coolant 
outlet  temperature  to  about  770°F.  At 
this  coolant  temperature  a net  station 
efficiency  of  about  36%  is  obtainable. 
The  temperatures  are  high  enough  to 
permit  a superheated  steam  cycle 
with  one  stage  of  reheat. 

Uranium  oxide  fuel  of  natural  en- 
richment can  be  used  in  an  OCDR 
reactor.  The  nuclear  properties  of  the 
organic  coolant  are  not  as  favourable 
as  those  of  heavy  water  and  the  neu- 
tron economy  suffers.  An  average  fuel 
burnup  of  about  6600  MWD/TeU 
can  be  e.xpected.  The  fuel  can  be 
sheathed  in  SAP  material  (sintered 
aluminum  pulver)  at  a cost  in  the 
order  of  $25  per  pound.  The  resulting 
unit  fuelling  cost  is  about  I.O  mill 
per  kwh. 

Uranium  carbide  is  an  alternative 
fuel  which  can  be  considered  for  use 
with  organic  coolants  but  not  with 
water  coolants.  With  uranium  carbide 
the  neutron  economy  of  the  reactor 
can  be  improved  and  the  average 
fuel  burnup  can  be  increased  to  8600 
MWD/TeU.  The  cost  of  producing 
uranium  carbide  fuel  is  not  well  es- 
tablished nor  is  the  technical  feasibil- 
ity fully  demonstrated  but  a unit  cost 
of  under  0.8  mill  per  kwh.  may  be 
possible. 

The  total  capital  cost  of  a 200  Mw. 
OCDR  station  is  estimated  to  be  about 
$312  per  kw.  Of  this  about  $45  per 
kw.  is  the  non-depreciating  inventory 
of  heavy  water.  This  cost  estimate  is 
intended  to  be  on  the  same  basis  as 
the  first  CANDU  cost  estimate  but 
it  is  worth  stressing  that  not  only 
do  the  figures  come  from  two  differ- 
ent engineering  groups  but  also  the 
CANDU  plant  is  well  along  in  con- 
struction whereas  the  OCDR  plant  is 
in  an  earlier  phase  of  engineering 
study  and  component  development. 
I’he  heavy  water  inventory  cost  would 
reduce  to  $32  per  kw.  if  heavy  water 
could  be  obtained  for  $20  per  pound. 
Also  the  benefit  of  experience  in 
building  an  OCDR  plant  would  lead 
to  cost  reductions  in  the  remainder 
of  the  plant.  In  the  long  term  OCDR 
plants  of  200  Mw.  might  be  built  for 
under  $250  per  kw.  including  heavy 
water. 

The  operating  costs  for  an  OCDR 
plant,  other  than  fuel,  heavy  water 
losses,  and  organic  coolant  replace- 
ment, should  be  comparable  with 


those  for  CANDU.  Heavy  water  losses 
should  be  considerably  less  because 
there  are  no  high  pressure  systems. 

The  total  unit  energy  cost  resulting 
from  all  these  estimates  for  OCDR  is  j 
summarized  in  Table  3.  The  unit  costs) 
are  based  on  a station  capacity  factor  i 
of  80%  and  a composite  annual  capital  i 
charge  rate  of  6.5%.  Once  again  it  ; 
should  be  emphasized  that  the  future  | 
cost  is  only  a reasonable  objective,  not  | 

a firm  estimate.  i 

I 

! 

TABLE  3 i 

I 

OCDR  Unit  Energy  Costs  I 

Present  Future 


Unit  capital  eost 

2.9 

2.4  ! 

Unit  fueling 

1.0 

0.8  1 

Unit  organic 
makeup 

0.3 

0.2  [ 

Unit  operation 
and  maintenance 

0.9 

j 

0.9  i 

5.1 

4.3  mill  per  kwh  i 

The  cost  estimates  presented  here  |r‘ 
seem  to  give  the  OCDR  concept  a J 
definite  advantage  over  the  CANDU 
concept.  OCDR  is  at  a much  earlier  i i 
stage  of  development  than  CANDU, 
however,  and  this  makes  it  impossible  |i' 
to  reject  one  in  favour  of  the  other  {■! 
on  any  logical  basis.  Certainly  the 
promise  in  the  OCDR  concept  cannot  h 
be  ignored  and  development  work  on  ! 
organic  coolants  is  justified.  The  OTR  i 
(Organic  Test  Reactor)  to  be  built  at  i 
Whiteshell,  Man.  is  designed  to  give 
the  engineering  information  on  which 
to  base  the  design  of  OCDR  power  v 
stations.  j 

I 

The  Fog  Cooled  Plant  | 

The  fog  cooled  reactor  concepU  is  j; 
the  most  recent  coolant  system  to  be  îiK 
added  to  the  Canadian  nuclear  power  f 
development  program.  The  amount  of 
work  done  so  far  is  nowhere  near  the 
amount  done  on  heavy  water  cooling 
or  organic  cooling  and  therefore  fog  jî' 
cooling  cannot  be  compared  with  'jl 
these  other  two  except  in  a prelimin-  j ( 
ary  way.  ■. 

Fog  cooling  is  only  one  of  several  |k 
names  which  have  been  used  to  de-  k 
scribe  a form  of  wet  steam  cooling. 
Water  is  injected  into  steam  at  the 
inlet  of  a fuel  channel.  The  water  is 
carried  through  the  channel  as  sus-  i-i 
pended  droplets  in  the  steam  and  as  4. 
a film  of  liquid  on  the  surface  of  the 
channel.  Some  of  the  water  is  con-  F 
verted  to  steam  as  heat  is  added  from 
the  fuel.  The  remaining  water  is  re- 
moved  from  the  steam  on  leaving  the 
reactor  and  is  recirculated.  The  diy  ;'i 
saturated  steam  passes  directly  from  ji 
the  reactor  to  a steam  turbine  in  a h 
direct  cycle.  In  contrast,  both  the  js 


44 


THE  ENGINEERING  JOURNAL  |î|  OCTOBER,  1962 


pressurized  heavy  water  cooling  and 
the  organic  cooling  are  used  in  in- 
direct c>cles  \\’ith  a steam  generator 
between  the  reactor  and  the  turbine. 

The  amount  of  coolant  material  in 
the  reactor  core  is  low  enough  that 
ordinary  water  can  be  used.  Some 
penalty  in  neutron  economy  results 
but  an  a\'erage  fuel  burnup  of  up  to 
9000  MWD  TeU  should  be  possible 
with  natural  uranium  fuel.  The  fuel 
would  be  very  similar  to  the  CANDU 
type  of  fuel. 

The  high  temperature  properties  of 
zirconium  alloys  would  limit  the  cool- 
ant temperature  leaving  the  reactor 
to  the  same  order  of  magnitude  as 
for  pressurized  heavy  water  cooling 
but  the  elimination  of  the  temperature 
drop  in  the  steam  generator  should 
allow  a net  station  efficiency  of  32% 
to  be  obtained  in  comparison  with  29% 
in  CANDU.  Higher  net  station  effi- 
cencies  may  be  possible  so  that  the 
fueling  cost  for  a fog  cooled  reactor 
may  be  0.1  mill  per  kwh.  lower  than 
for  CANDU. 

The  ehmination  of  the  heavy  water- 
coolant  inventory  gives  a $14  per  kw. 
capital  cost  advantage  over  CANDU; 


tire  elimination  of  the  steam  genera- 
tors and  other  equipment  may  give 
a further  $10  to  $15  per  kw.  capital 
cost  advantage.  The  capital  cost  of 
a 200  Mw.  fog  cooled  reactor  may  be, 
therefore,  in  the  order  of  $280  per  kw. 

Since  heavy  water  is  irot  used  iir  a 
high  pressure  circuit  it  may  be  pos- 
sible to  eliminate  the  CANDU  allow- 
ance of  0.1  mill  per  kwh  for  losses. 

These  cost  estimates  are  very  crude 
but  show  the  reason  for  interest  in  fog 
cooling.  The  total  unit  energy  costs 
for  a 200  Mw.  station  at  80%  capacity 
factor  and  a composite  annual  capital 
charge  rate  of  6.5%  are  shown  in 
Table  4. 


TABLE  4 

Fog  Cooled  Station  Unit  Energy  Costs 


Unit  capital  cost 
Unit  fueling  cost 
Unit  operation  and 
maintenance 

Total  unit  enei-gy 
cost 


3-6-2.4 

1.0 

0.9 

5. 5-4. 3 mill  per  kwh 


The  final  position  of  fog  cooling 
relative  to  organic  cooling  is  very 


dependent  ou  the  degree  of  success 
in  the  respective  development  pro- 
grams. One  advantage  of  fog  cooling 
is  that  the  development  work  in  fuel 
and  materials  is  an  extension  of  the 
substantial  existing  programs  for  the 
CANDU  reactor.  The  OCDR  concept 
relies  on  materials  which  are  new  in 
the  Canadian  nuclear  program.  On 
the  other  hand,  the  development 
problems  with  organic  cooling  are  now 
fairly  clearly  defined,  whereas  the 
problems  to  be  faced  in  fog  cooling 
are  not  yet  clear.  These  and  other 
intangible  factors  must  be  evaluated 
along  with  the  economic  e\'aluations. 

Nuclear  Plants  in  Utility  Systems 

Nuclear  plants  appear  to  be  attrac- 
tive only  to  those  electrical  utilities 
which  have  developed  their  hydro 
resources  and  are  turning  to  thermal 
plants  for  further  system  expansion. 
The  Hydro  Electric  Power  Commis- 
sion of  Ontario  has  reached  this  posi- 
tion and  before  1970  many  other 
large  utilities  in  Canada  will  also  be 
in  this  position.  The  choice  in  thermal 
plants  will  be  largely  between  coal- 
fired  stations  and  nuclear  stations. 


Fig.  3.  Cut-away  view  of  20MW  NPD  reactor  showing  nuclear  replacement  for 
coal-fired  boiler. 
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H.  A.  Smith  has  estimated  current 
coahfired  costs  for  80%  capacity  fac- 
tor to  be  4.4  mill  per  kwh.  as  shown 
in  Table  5 for  300  Mw.  units  in  a 
multiple  unit  plant.  The  interest  rate 
is  the  same  as  for  the  nuclear  plant 
estimates. 

TABLE  5 

Coal-Fired  Plant  Unit  Energy  Costs 

Unit  capital  cost  1.0 

Unit  fueling  cost  3.1 

Unit  operating  and 

maintenance  0.3 

Total  unit  energy  cost  4.4  mill  per  kwh 

H.  A.  Smith  also  estimates^  that 
about  12,000  Mw.  of  some  type  of 
thermal  capacity  will  be  needed  in 
Ontario  in  the  next  twenty  years  and 
that  about  60%  of  this  capacity  will 
be  recpured  to  operate  at  relatively 
high  capacity  factor.  The  nuclear 
plant  is  characterized  by  a high  capi- 
tal cost  and  a low  fueling  cost  whereas 
the  reverse  is  true  for  a coal  or  oil- 
fired  plant.  The  nuclear  plant  must 
operate  at  high  capacity  factor  if  it 
is  to  compete  with  a coal-fired  plant. 
Nuclear  plants  could,  therefore,  sup- 
ply up  to  7,200  Mw.  of  the  12,000 
Mw.  needed. 

The  historical  pattern  in  an  all 
coal-fired  plant  system  has  been  that 
the  newest  unit  is  the  largest  and 
most  efficient  and,  therefore,  begins 
operation  at  a capacity  factor  close 
to  90%.  As  newer  more  efficient  units 
are  added  the  capacity  factor  on  the 
older  units  drops  steadily  until  after 
many  years  a unit  is  too  small  and 
expensive  to  keep  in  operation.  The 
lifetime  average  capacity  factor  is 
close  to  50%;  the  lifetime  average 
weighted  by  present  worth  at  the  time 
of  commissioning  is  over  60%.  The 
same  trend  but  to  a much  less  severe 
degree  will  occur  with  nuclear  plants. 
Since  nuclear  plants  will  not  be  the 
only  type  of  generation  on  the  system 
it  is  cpiite  probable  that  the  capacity 
factor  weighted  by  present  worth  will 
be  as  high  as  the  80%  value  which  has 
been  traditional  in  most  evaluations 
of  nuclear  power. 

The  historical  improvement  in  coal 
or  oil-fired  station  heat  rates  is  slow- 
ing down  and  a new  trend  towards 
a mix  of  types  of  generation  is  emerg- 
ing. For  example,  it  may  be  cheaper 
to  achieve  50%  load  factor  by  install- 
ing one  gas  turbine  plant  for  20% 
capacity  factor  and  one  nuelear  sta- 
tion for  80%  eapacity  factor  than  it 
would  be  to  install  all  the  capacity  in 
coal  fired  units. 

Hydro  generation  can  sometimes  be 
an  inexpensive  peaking  generation. 
The  incremental  cost  of  adding  capac- 
ity at  a given  hydro  site  is  often  quite 


low.  Assuming  that  suitable  water 
storage  eapacity  can  be  provided  it 
is  reasonable  to  design  the  hydro 
plant  for  eventual  low  load  factor 
operation.  It  is  then  possible  to  add 
units  for  peaking  capacity  at  hydro 
sites  and  units  for  base  load  opera- 
iton  at  nuclear  stations. 

It  is  only  very  recently  that  operat- 
ing experienee  has  been  obtained  on 
nuclear  power  plants.  In  Britain  and 
in  the  United  States  graphite  reactors, 
pressurized  light  water  reactors  and 
boiling  water  reactors  have  demon- 
strated plant  availabilities  of  over  90% 
in  first  generation  plants.  The  opera- 
tion of  NPD  will  soon  begin  to  show 
what  might  be  expected  from  a heavy 
water  moderated  reactor;  an  equally 
good  performance  is  expected. 

Finally,  nuclear  plants  are  more 
economieal  in  large  sizes.  The  influ- 
ence of  unit  size  on  the  total  unit 
energy  cost  is  illustrated  in  Table  6. 
Most  Canadian  utilities  could  use  100 
Mw.  units  and  some,  sueh  as  Ontario 
HEPC,  could  use  300  Mw.  units  or 
larger.  Because  of  their  high  capital 
cost  nuclear  plants  benefit  more  from 
an  increase  in  size  than  do  coal-fired 
plants. 

TABLE  6 

Influence  of  OCDR  Unit  Size 


Total  Unit  Energy  Cost 
Unit  Present  Future 


100  Mw. 

6.9 

mill  per  kwh. 
5.7 

200 

5.1 

4.3 

300 

4.5 

3.8 

Heavy  Water  Reactors  in  Other  Countries 

The  Canadian  nuclear  power  pro- 
gram is  founded  on  the  belief  that 
the  high  neutron  economy  of  the 
heavy  water  reactor  will  carry  this 
reactor  type  to  a preferred  position. 
In  the  United  States  the  availability 
of  substantial  amounts  of  enriched 
uranium  on  loan  has  diverted  atten- 
tion away  from  high  neutron  economy. 
In  a 1961  year-end  review  of  United 
States  civilian  power  reactors,  J.  A. 
Lane  concludes'’’  “.  . . with  the  pros- 
peet  of  private  fuel  ownership  in  the 
offing,  those  developing  civilian  power 
reactors  should  take  a more  serious 
look  at  alternative  approaches  aimed 
at  higher  neutron  economy”.  In  the 
same  article  he  says,  “Even  natural 
uranium,  heavy  water  moderated 
plants  have  come  into  the  competitive 
picture”. 

In  Britain  where  a considerable 
nuelear  power  program  has  been  built 
on  graphite  moderated  reactors.  Sir 
Christopher  Hinton  has  recently  re- 
viewed the  program'^  and  has  pointed 
to  technical  difficulties  with  the  use 
of  graphite.  He  concludes  that  con- 
sideration should  be  given  to  the  use 


of  heavy  water  moderated  plants.  This  |p[ 
statement  came  on  returning  to 
Britain  after  a review  of  the  Canadian  t 
progress  in  nuelear  power.  ! 

Sweden,  France,  Spain,  Norway,  j , 
Denmark,  Germany,  EURATOM,  and  j 1 
India  all  have  an  interest  in  heavy  : 
water  moderated  power  reactors. . 
There  is  a variety  of  approaches  in 
these  countries:  EURATOM  proposes 
organic  coolant  for  their  ORGEL  re- 
actor; Sweden  prefers  the  pressure . 
vessel  type  over  the  pressure  tube  ; 
type;  Erance  proposes  gas  cooling;  | 
Norway  has  a boiling  heavy  water  » 
reactor  at  Halden.  All  are  agreed, 
however,  that  there  is  merit  in  using 
heavy  water. 

Long  Term  Prospects  [ 

So  far  the  nuclear  power  prospects  i 
in  the  next  10  years  have  been  dis-  j 
cussed.  In  the  longer  term  Dr.  W.  B.  j 
Lewis®  foresees  that  the  heavy  water  j 
natural  uranium  reactor  seems  likely  r 
not  only  to  derive  a burn-up  of  10,000  | > 
MWD/TeU  but  also  to  have  a net  ii 
station  efficiency  of  45%.  He  expects  i 
the  heavy  water  inventory,  with  low  U 
financing  charges,  to  contribute  only 

0. 15. mill  per  kwh.  to  the  total  unit  ' 

energy  cost  and  he  expects  the  fueling  i 
cost  to  be  reduced  drastically.  The  \ 
capital  costs  will  be  low  enough  for  > 
nuclear  plants  to  beat  coal-fired  plants  ( 
even  at  50%  capacity  factor.  This  is  a j 
challenging  objective.  J 

The  key  to  obtaining  a very  high  : 
net  station  efficiency  is  the  successful  ! 
development  of  nuclear  superheat  for  t 
use  in  combination  with  either  organic  Î 
cooling  or  fog  cooling.  Using  stainless  j 
steel  fuel  sheathing  it  may  be  possible  ( 
to  reach  a top  coolant  temperature  of  ! 
I200°F  at  3000  p.s.i.a.  and  thus  ; 
achieve  a steam  cycle  as  advanced  as  j 
any  in  use  in  modern  coal-fired  ; 
plants.  If  this  can  be  done  without  ; 
too  great  a penalty  in  neutron  eco-  t 
nomy  then  the  heavy  water  moder-  ; 
ated  power  reactor  will  indeed  be  a j 
difficult  plant  for  others  to  compete 
with.  ' 
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! POWER  IN  CANADA 

t ; L^— . 

I 

ASPECTS  OF  THE  BACKGROUND  OF 
COLUMBIA  RIVER  PROJECTS 

IN  CANADA 

R.  C.  McMordie,  M.E.I.C.,  British  Columbia  Hydro  and  Power  AuthoriUj. 


HE  COLUMBIA  RIVER  is  the 
fouitli  largest  river  in  North 
America.  In  length  and  flow  it  is 
exceeded  only  by  the  Mississippi, 
MacKenzie  and  St.  Lawrence  Rivers. 
The  drainage  basin  of  the  Columbia 
River  has  an  area  of  259,000  sq. 
miles,  39,500  sq.  miles  being  in  Can- 
ada. The  Canadian  drainage  area  can 
be  subdivided  as  follows: 


sq.  mi. 


Columbia  River  main  stem ......  14,440 

Kootenay 14,500 

Pend  d’Oreille 1,200 

Okanagan,  Similkameen,  Kettle 

and  others 9,360 


Total 39,.500 


Between  its  source  in  Columbia 
Lake  and  its  outlet  at  sea  level  the 


main  stem  of  the  river  falls  2,650  ft., 
1,360  ft.  of  this  being  in  Canada  and 
1,290  ft.  in  the  United  States.  The 
average  flow  of  the  river  at  its  mouth 
is  220,000  c.f.s.,  and  97,000  c.f.s. 
where  it  crosses  the  Canada-U.S. 
border.  The  flow  at  the  border  in- 
cludes the  discharges  into  the  Colum- 
bia of  its  tributaries,  the  Kootenay 
and  the  Pend  d’Oreille,  a substantial 
part  of  whose  drainage  basins  is  in 
the  United  States. 

Figs.  1 and  2 are  respectively  a 
general  map  and  a profile  of  the 
Columbia  River  and  its  more  import- 
ant tributaries. 

Existing  and  Potential  Power 
Developments  on  the  Columbia  River 

During  the  past  30  years  a rapid 
growth  in  economic  and  industrial 
development  has  occurred  in  the 
Pacific  Northwest  of  the  United 
States.  This  growth  can  be  attributed, 
in  part  at  least,  to  the  availability  of 
abundant  low  cost  hydro-electric 
power  resulting  from  the  development 
of  a considerable  portion  of  the  hydro- 
electric potential  of  the  Columbia 
River  and  its  tributaries  in  the  United 
States.  On  the  main  stem  of  the  river 


Gross 

Head 

feet 

Installa- 

tion 

plant  kw 
{name- 
plate) 

Date 

Com- 

pleted 

Rock  Island 
Project 

38 

212,100 

1933 

Bonneville. . . . 

59 

518,400 

1938 

Grand  Coulee 

343 

1,944,000 

1941 

McNary 

75 

980,000 

1953 

Chief  Joseph. . 

171 

1,024,000 

1955 

The  Dalles . . . 

86 

1,119,000 

1957 

Priest  Rapids 

80 

788,500 

1961 

Rocky  Reach 

93 

711,550 

1961 

Wanapum .... 

84 

831,250 

* 

John  Day  .... 

104 

1,080,000 

Wells 

(proposed). . 

68 

400,000 

Totals 

1,201 

9,608,800 

*Under  construction 

Fig.  1. 
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1,133  ft.  of  head  has  been  utilized 
or  is  in  course  of  active  development, 
the  total  installation  being  nearly  10 
million  kvv.;  including  tributaries,  this 
total  is  more  than  11  million  kw. 

Existing  plants,  those  under  con- 
struction and  one  proposed  plant  all 
on  the  main  stem  of  the  Columbia 
River  in  the  United  States,  are  listed 
in  the  tabulation  shown  on  Page  1. 

The  full  potential  of  the  Columbia 
River  in  the  U.S.,  including  tribu- 
taries, is  in  the  order  of  35  million 
kw.  of  installed  capacity. 

In  Canada  the  most  significant  ex- 
isting power  developments  lie  in  the 
350  ft.  of  head  on  the  Kootenay  River 
downstream  from  Kootenay  Lake,  and 
the  210  ft.  at  Waneta  on  the  Pend 
d’Oreille.  Although  approximately 

417,000  kw.  of  nameplate  capacity 
has  been  developed  on  these  two 
tributaries,  no  power  development  has 
been  made  as  yet  on  the  main  stem 
of  the  Columbia.  The  ultimate  poten- 
tial of  the  Columbia  River  and  its 
tributaries  in  Canada  is  approximately 
six  million  kw.  installed  capacity  or 
3.5  million  kw.  of  prime  power  not 
including  downstream  benefits.  The 
significance  of  this  to  the  economy 
of  British  Columbia  can  be  appreci- 
ated when  it  is  compared  with  the 


present  total  hydro-electric  and  ther- 
mal generating  capacity  in  Southern 
B.C.  of  2.4  million  kw.  installed  or 
under  construction. 

Flow  Regulation  of  Columbia  River 
The  flow  of  the  Columbia  River 
and  its  tributaries  fluctuates  widely. 
At  the  International  boundary  ex- 
tremes of  550,000  c.f.s.  and  about 

14,000  c.f.s.  have  been  recorded. 
Some  improvement  in  the  flow  in 
the  United  States  has  been  made  as  a 
result  of  the  construction  of  several 
storage  reservoirs,  the  most  important 
being  the  following: 


million  acre  feet 


Hungry  Horse 3.16* 

Kerr 1.22 

Albeni  Falls 1.16 

Grand  Coulee 5.23t 


Total 10.77 


*3,008,000  acre  feet  at  normal  full  pool 
elevation  of  3,560. 

15,072,000  acre  feet  without  flash  boards 
at  normal  full  pool  elevation  of  1,288. 


usable  in  Kootenay  Lake  in  Canada  j: 
rmder  the  current  I.J.C.  order.  This 
storage,  however,  is  far  from  adequate  r 
to  provide  the  amount  of  flow  regu-  [ 
lation  required  for  power  and  flood  * 
control.  The  United  States  Corps  of. 
Engineers  has  recommended  a total 
of  32  m.a.f.  for  these  purposes.  Since 
practically  all  the  available  head  on 
the  main  stem  is  now  under  develop-  i 
ment,  provision  of  additional  storage  j 
is  urgently  required. 


isil 

UK 


By  far  the  lowest  cost  sources  of  i 
additional  storage  on  the  Columbia  it 
River  are  located  in  Canada.  The  in-  ' 
ternational  problem  therefore  was  to 
determine  how  these  storages  could  \ 
be  best  developed  to  the  mutual  ad-  j 
vantage  of  both  Canada  and  the  | 
United  States.  ! 


Features  of  Columbia  River  in  Canada 
Before  proceeding  to  outline  the 
steps  followed  in  arriving  at  a Colum- 
bia River  Treaty  with  the  U.S.  it 
may  be  appropriate  to  outline  very 
briefly  characteristic  features  of  the 
Canadian  section  of  the  Columbia. 


There  now  exists  over  13  m.a.t. 
for  regulating  purposes  on  the  Colum- 
bia River,  all  in  the  U.S.  except  for 

673,000  acre  feet  of  storage  presently 


1.  The  proximity  of  the  Upper 
Columbia  and  Kootenay  River  at 
Canal  Flats,  which  provides  the 
possibility  for  a relatively  economi- 


Fig.  2. 


PROFILE  OF  COLUMBIA  RIVER 


SOUTH 
FLATHEAD  RIVER 


DISTANCE  IN  MILES 
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I cal  diversion  of  ^^’ater  from  the 
i I Kootenay  into  the  Columbia. 

! ! 2.  The  large  flow  contribution  of  the 
; I Upper  Columbia,  together  with  the 
' substantial  1,000  ft.  head  drop  in 
the  “Big  Bend”  route  which  the 
river  follows  as  it  flows  from  the 
Rock\’  Mountain  Trench  through 
the  Selkirk  Mountains. 

3.  The  Upper  and  Lower  Arrow 
Lakes  system,  ■\\'hich  provides  fea- 
tures for  a large,  economical  stor- 
age reservoir,  especially  valuable 
for  regulation  of  water  releases 
from  any  Canadian  generating 
plants  such  as  Mica. 

4.  The  Kootenay  and  Duncan  Lake 
System.  Kootenay  Lake  provides 
regulation  for  power  purposes  on 
the  Kootenay  River,  and  in  addi- 
tion, Duncan  Lake  storage  can  be 
developed  to  provide  downstream 
power  and  flood  control  benefits 
in  the  U.S.  and  to  the  generating 
plants  on  the  Kootenay  River  in 
B.C. 

5.  The  relatively  short,  16-mile  sec- 
tion of  the  Pend  d’Oreille  River 
which  falls  426  ft.  in  Canada. 
Storage  to  control  the  flow  of  the 
Pend  d’Oreille  River  is  in  the 
United  States  and  is  operated 
primarily  to  improve  the  flow  in 
the  main  stem  of  the  Columbia 
River.  Storage  releases  occur  in 
the  Winter  when  power  is  most 
needed,  but  the  late  Summer  flows 
are  at  present  so  reduced  that  out- 
put from  Canadian  generating 
plants  is  limited  during  this  period. 

International  Joint  Commission  — 

Report  on  Engineering  Studies 

On  March  9, 1944,  the  Governments 
of  Canada  and  the  United  States 
referred  to  the  International  Joint 
Commission  the  problem  of  determin- 
ing whether  or  not  a greater  use  than 
is  now  being  made  of  the  waters  of 
the  Columbia  river  system  would  be 
feasible  and  advantageous  to  both 
countries.  The  Commission  was  in- 
structed to  study  the  water  resources 
of  the  Columbia  River  basin,  having 
in  mind  water  supply,  navigation,  ef- 
ficient development  of  water  power, 
control  of  floods,  the  needs  of  irriga- 
tion, reclamation  of  swamp  lands,  and 
conservation  of  fish  and  wildlife. 

To  assist  it  in  carrying  out  this 
assignment,  the  International  Joint 
Commission  established  the  Inter- 
national Columbia  River  Engineering 
Board,  consisting  of  four  engineers 
chosen  in  equal  numbers  from  the 
Federal  services  of  Canada  and  the 
United  States.  On  March  1,  1959,  the 
International  Columbia  River  Engi- 
neering Board  presented  its  report 


entitled  “Water  Resources  of  the 
Columbia  River  Basin”. 

In  making  its  studies  of  the  Colum- 
bia River,  the  International  Joint 
Commission  was  instructed  to  con- 
sider the  river  as  a whole  and  as  if 
no  international  boundary  existed. 
The  object  of  this  instruction  presum- 
ably was  to  simplify  the  problem  by 
ensuring  that  only  engineering  aspects, 
and  not  particular  national  or  political 
problems,  were  to  be  considered.  This 
limitation  was  recognized  by  the 
writers  of  the  report,  as  is  noted  in 
some  of  its  conclusions,  as  follows: 

“(1)  The  method  of  co-operative  de- 
velopment of  the  Kootenay  and 
Upper  Columbia  Rivers  will  be 
determined  by  considerations  be- 
yond the  scope  of  this  report,  but 
the  information  provided  herein 
on  the  alternative  plans  will  pro- 
vide a reasonable  basis  for  discus- 
sion between  the  two  countries.” 

“(n)  In  the  case  of  alternative  projects, 
their  respective  dates  of  comple- 
tion may  be  the  deciding  factor 
and  hence  the  choice  of  projects 
may  depend  upon  consideration  of 
the  time  factor.  In  this  report, 
however,  all  projects  were  con- 
sidered as  constructed  simultane- 
ously.” 

“(p)  For  any  further  progress  towards 
co-operative  development,  some 
measure  of  general  agreement  be- 
tween the  two  countries  should 
be  reached  with  respect  to  prin- 
ciples for  sharing  benefits  and 
costs.  Project  justification  requires 
the  use  of  such  principles  to  de- 
termine the  benefits  and  costs  to 
be  ascribed  to  individual  com- 
ponents of  an  agreed  plan  of 
development.” 

“(r)  Orderly  development  of  the  water 
resources  of  a basin  normally  re- 
quires that  the  most  economically 
attractive  projects  be  constructed 
first;  this  process  cannot  be  fol- 
lowed completely  in  the  case  of 
the  Columbia  River  basin  unless 
co-operative  development  is  made 
possible  by  international  agree- 
ment.” 

International  Joint  Commission  — 

Report  on  Principles 

Partly  in  view  of  the  limitations  as 
noted  in  the  basis  of  the  International 
Columbia  River  Engineering  Board’s 
report,  the  Governments  of  Canada 
and  the  United  States  agreed  that, 
before  commencing  negotiations, 
basic  principles  should  be  established 
which  it  was  hoped  might  lead  to 
co-operative  development  of  the  re- 
sources of  the  Columbia  River.  The 
International  Joint  Commission  was 


accordingly  instructed  to  prepare  a 
special  report  giving  “its  recommenda- 
tions concerning  the  principles  to  be 
applied  in  determining: 

(a)  The  benefits  which  will  result 
froni  the  co-operative  use  of  stor- 
age of  waters  and  electrical  inter- 
connection within  the  Columbia 
River  system;  and 

(b)  The  apportionment  between  the 
two  countries  of  such  benefits 
more  particularly  in  regard  to 
electrical  generation  and  flood 
control.” 

The  Commission  submitted  its  re- 
port on  this  reference  on  December 
29,  1959.  In  this  report  the  Inter- 
national Joint  Commission  noted  the 
possibilities  for  co-operative  develop- 
ment in  the  Columbia  River  basin 
that  could  be  of  mutual  advantage  to 
the  two  countries.  It  enunciated  three 
basic  general  principles  which  should 
apply  to  such  co-operative  develop- 
ment. 

1.  “Co-operative  development  of  the 
water  resources  of  the  Columbia  River 
Basin,  designed  to  provide  optimum 
benefits  to  each  country,  requires  that 
the  storage  facilities  and  downstream 
power  production  facilities  proposed 
by  the  respective  countries  will,  to 
the  extent  that  it  is  practicable  and 
feasible  to  do  so,  be  added  in  the 
order  of  the  most  favourable  benefit- 
cost  ratio,  with  due  consideration  of 
factors  not  reflected  in  the  ratio”. 

2.  “Co-operative  development  of  the 
water  resources  of  the  Columbia 
River  Basin  should  result  in  advant- 
ages in  power  supply,  flood  control, 
or  other  benefits,  or  savings  in  costs 
to  each  country  as  compared  with 
alternatives  available  to  that  country”. 

A third  general  principle  relating 
to  the  trans-boundary  projects  read 
as  follows: 

3.  “With  respect  to  trans-boundary 
projects  in  the  Columbia  basin,  which 
are  subject  to  the  provisions  of 
Article  IV  of  the  Boundary  Waters 
Treaty  of  1909,  the  entitlement  of 
each  country  to  participate  in  the 
development  and  to  share  in  the 
downstream  benefits  resulting  from 
storage,  and  in  power  generated  at 
site,  should  be  determined  by  credit- 
ing to  each  country  such  portion  of 
the  storage  capacity  and  head  poten- 
tial of  the  project  as  may  be  mutually 
agreed”. 

It  will  be  noted  that  this  principle 
does  not  in  effect  suggest  any  basis 
for  international  co-operation  on 
trans-boundary  projects,  but  leaves 
this  open  for  negotiation. 
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In  addition  to  stating  the  three 
general  principles,  the  International 
Joint  Commission  enunciated  seven 
particular  principles  dealing  with 
power  and  six  principles  dealing  with 
flood  control.  These  principles  deal 
with  important  matters  such  as  the 
sequence  of  projects,  the  division  of 
additional  powder  output  between  the 
tAVO  countries,  electrical  interconnec- 
tion and  payment  for  flood  control. 

Negotiations  Leading  to  the  Columbia 
River  Treaty 

Following  completion  of  the  report 
on  principles  by  the  International 
joint  Commission,  representatives  of 
the  Governments  of  Canada,  B.C.  and 
the  United  States,  commenced  nego- 
tiations regarding  the  terms  of  a 
Columbia  River  Agreement. 

Botli  groups  of  negotiators  adopted 
the  principles  set  forth  by  the  Inter- 
national Joint  Commission  as  a basis 
and  guide  to  their  deliberations.  In 
applying  these  principles,  however, 
two  fundamental  aspects  gave  rise  to 
prolonged  discussion,  namely: 

1.  The  determination  of  the  quantity 
of  storage  under  General  Principle 
No.  2,  which  it  would  be  econom- 
ically sound  to  accept  for  co- 
operative developments;  and 

2.  The  sequence  of  storage  projects. 

On  September  28,  I960,  the  nego- 
tiators reported  “that  agreement  has 
been  reached  between  them  on  the 
basic  terms  which  in  their  opinion 
should  be  included  in  an  agreement 
for  the  co-operative  development  of 
the  water  resources  of  the  Columbia 
River  Basin  that  will  operate  to  the 
mutual  advantage  of  both  countries”. 
They  recommended  that  the  agree- 
ment should  be  in  tlie  form  of  a treaty 
and  provided  the  Governments  with  a 
series  of  proposals  to  be  used  to  form 
the  basis  of  the  Treaty. 

Subject  to  certain  changes  these 
proposals  constituted  the  basis  of  the 
Treaty  as  subsequently  negotiated  and 
signed  by  representatives  of  the 
Governments  of  Canada  and  U.S.A. 
on  January  17,  1961. 

It  is  now  proposed,  as  briefly  as 
possible,  to  review^  but  wdth  little 
comment,  the  main  provisions  of  the 
Treaty,  having  in  mind  particularly 
their  engineering  aspects. 

Columbia  River  Treaty 
Undertakings  by  Canada  and  U.S.A. 

The  objective  of  the  Columbia 
River  Treaty  is  to  facilitate  the  under- 
taking of  co-operative  mea.sures  by 
Canada  and  the  U.S.A.  for  hydro- 
electric power  generation  and  flood 
control  on  the  Columbia  River  and  its 


tributaries.  With  this  objective  Can- 
ada undertakes  to  provide  15.5  mil- 
lion acre  feet  of  storage  to  be  used 
for  improving  the  river  flow.  This  is 
to  be  done  by  constructing  dams  on 
the  Columbia  River  near  Mica  Creek, 
with  7 m.a.f.  of  storage,  on  Arrow 
Lakes  with  7.1  m.a.f.  of  storage  and 
on  the  Kootenay  River  at  Duncan 
Lake  with  1.4  m.a.f.  Canada  under- 
takes to  operate  these  reservoirs  in 
accordance  with  principles  set  forth 
in  the  Treaty  so  as  to  provide  defined 
flood  control  on  the  Columbia  River 
in  the  U.S.A.,  and  consistently  with 
the  flood  control  requirements,  to 
produce  maximum  downstream  power 
benefits.  Provision  is  made  for  the 
operation  later  to  conform  also  to  the 
load  shape  of  future  generating  re- 
quirements in  Canada. 

In  return  for  this  undertaking  on 
the  part  of  Canada,  the  United  States 
agrees  to  make  available  to  Canada 
one  half  of  the  downstream  power 
benefits  in  the  U.S.  resulting  from 
operation  of  the  Canadian  storage  as 
next  added  to  the  existing  base  system 
in  the  United  States.  Canada’s  entitle- 
ment to  downstream  benefit  power 
will  be  delivered,  less  transmission 
loss,  to  Canada  at  a point  on  the 
Canada-U.S.  boundary  near  Oliver, 
B.C. 

The  United  States  will  also  pay 
Canada  in  respect  of  flood  control 
benefits — $11.1  million  on  completion 
of  Duncan  Lake  storage,  $52.1  million 
on  completion  of  Arrow  Lakes  storage 
and  $1.2  million  on  completion  of 
Mica  Creek  storage.  These  payments 
are  based  on  the  volume  of  water 
controlled  in  Canada  in  relation  to  the 
total  volume  in  the  whole  Columbia 
basin,  the  objective  being  to  reduce 
a major  flood  such  as  occurred  at  the 
Dalles  in  1894  from  1,240,000  c.f.s. 
to  800,000  c.f.s.  Further,  the  U.S.  can 
request  and  Canada  will  provide,  if 
facilities  exist,  additional  flood  con- 
trol during  the  term  of  the  Treaty,  on 
the  basis  that  the  U.S.  will  reimburse 
Canada  any  costs  incurred  thereby 
and  any  consequent  loss  of  power 
generation.  In  addition,  the  U.S.  will 
pay  to  Canada  $1,875  million  for 
each  call  for  supplementary  flood 
control,  up  to  a total  of  four  calls — 
or  a total  amount  of  $7.5  million. 

Determination  of  Downstream  Power 
Benefits 

Downstream  power  benefits  are 
defined  as  being  the  difference  in  the 
hydro-electric  power  capable  of  being 
generated  in  the  U.S.  with  and  with- 
out the  use  of  the  Canadian  storage. 
The  Canadian  storage  is  assumed  to 
be  first  added  to  the  defined  existing 
or  storage  under  construction  of  13 


m.a.f.  in  the  U.S.  Downstream  power 
benefits  are  to  be  measured  in  terms 
of  increased  dependable  capacity  and 
increased  average  annual  usable 
hydro-electric  energy.  This  energy  is  j 
to  be  made  available  to  Canada  in  | 
equal  monthly  amounts  unless  other- 
wise agreed  by  the  operating  entities 
in  Canada  and  the  United  States. 

There  are  two  annexes  to  the  Treaty  : 
dealing  respectively  with  “Principles  i 
of  Operation”  and  “Determination  of 
Downstream  Benefits”.  In  the  first  i 
annex  are  set  forth  the  basic  proced-  | 
ures  to  be  followed  with  the  objec- 
tives  of  providing  the  required  flood  i 
control  and  power  benefits.  Prior  to  ^ ■ 
installation  of  generating  facilities  on  \ 
the  main  stem  of  the  Columbia  River  { 
at  or  downstream  from  Mica  Creek,  i ' 
Canadian  storage  will  be  operated 
to  produce  optimum  power  generation  , 
in  the  U.S.  After  power  generating  : 
facilities  are  installed  on  this  part  i. 
of  the  Columbia  River  in  Canada, 
Canadian  storage  shall  be  operated, 
subject  to  a limitation  as  to  rate  of  j 
change  of  method  of  operation,  to 
produce  optimum  power  generation 
in  both  Canada  and  the  U.S.  Modifi-  ’ 
cation  of  operating  procedures  may 
be  made  by  mutual  agreement. 

Determination  of  the  plan  of  opera-  ; 
tion  of  storage  for  any  year  is  to  be 
made  annually  at  least  five  years  in  ; 
advance,  thus  assuring  both  Canadian  *, 
and  U.S.  entities  of  a definite  amount  i 
of  downstream  benefit  power  at  any  j 
time  during  the  next  succeeding  five  ’ 
years. 

In  the  second  annex  (Annex  B)  is  ' 
set  forth  the  detailed  procedures  to  i 
be  followed  in  computing  downstream  ; 
power  benefits.  This  includes  a defini-  ! 
tion  and  description  of  the  existing  i 
U.S.  base  system  made  up  of  generat- 
ing plants,  together  with  their  storage 
capacities  which  total  13  m.a.f.  of  ' 

developed  storage  and  in  which  the  ; 

Canadian  storage  will  be  used  for  i 

power  generation. 

The  dependable  hydro  - electric  : 
capacity  to  be  credited  to  Canadian 
storage  will  be  the  difference  between 
average  rates  of  generation  which  can 
be  maintained  in  the  U.S.  base  system 
during  a critical  stream  flow  period 
with  and  without  Canadian  storage, 
divided  by  the  estimated  critical 
period  average  monthly  load  factor. 

The  increase  in  average  usable 
hydro-electric  energy  is  to  be  deter- 
mined firstly  by  computing  the  dif- 
ference between  the  available  hydro- 
electric energy  in  the  U.S.  base 
system  with  and  without  Canadian 
storage.  The  entities  will  then  agree 
on  the  part  of  available  energy  which 
is  usable  (i.e.  marketable)  under  the 
two  conditions.  This  may  be  a diffi- 
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I'  cult  assignment  since  the  entities  will 
be  dealing  with  a h>pothetical  system 
in  the  “without”  condition.  They  will 
j ha\e  to  consider  actual  and  potential 
markets  and  the  transmission  systems 
r needed  to  serve  such  markets.  To 
a\oid  the  reduction  \\hich  would 
occur  to  the  Canadian  energy  entitle- 
ment should  greatly  increased  second- 
ar>'  energ\'  markets  be  developed  in 
the  U.S.  (as  might  result  for  instance 
from  a large  transmission  capacity 
intertie  with  California),  a limit  is 
placed  on  the  amount  of  secondary 
energy  \\hich  may  be  regarded  as 
usable  for  this  purpose. 

Accordingly,  the  part  of  the  avail- 
able energy  which  is  to  be  considered 
usable  is  defined  as  the  sum  of: 

(a)  the  firm  energy, 

(b)  the  energy  which  can  be  used 
for  thermal  power  displacement  in 
the  Pacific  Northwest  Area,  and 

(c)  the  amount  of  the  remaining 
portion  of  the  available  energy 
which  is  agreed  by  the  entities  to 
be  usable  and  which  shall  not  ex- 
ceed in  any  event  40%  of  that 
remainder. 

While  for  the  purpose  of  computing 
downstream  power  benefits  there  is 
a limitation  on  the  amount  of  residual 
secondary  energy  to  be  treated  as 
usable  (item  (c)),  there  is  no  limitation 
on  the  amount  of  hydro  energy  which 
may  be  used  for  thermal  energy  re- 
placement in  the  Pacific  Northwest 
area.  As  a consequence,  the  effect  of 
concurrently  ina-easing  thermal  and 
hydro  generation  and  of  co-ordinating 
the  use  of  these  two  sources  of  energy 
will  be  to  decrease  the  amount  of 
downstream  power  benefits  arising 
from  Canadian  storage.  To  take  the 
extreme  case,  one  can  visualize  that 
if  hydro  and  thermal  capacity  were 
sufficiently  large  the  hydro  generating 
plants  could  use  the  river  flow  virtu- 
ally as  it  would  come  naturally  and 
no  regulation  of  flow  would  be 
needed.  This  extreme  condition  is  not 
expected  to  develop,  but  there  will 
be  a trend  towards  it.  This  decline  in 
downstream  power  benefits,  however, 
will  not  commence  so  long  as  the 
major  portion  of  loads  in  the  area  ai’e 
met  from  hydro  generation. 

The  rate  at  which  the  decline  in 
downstream  power  benefits  will  occur 
will  depend  on  the  many  factors  in- 
fluencing the  feasibility  and  economy 
of  both  hydro  and  thermal  generation 
and  in  the  rate  of  load  growth.  Only 
an  approximate  estimate  of  the  prob- 
able trend  can  be  attempted.  An  esti- 
mate developed  during  the  course  of 
the  Treaty  discussions  and  which  has 
been  used  to  some  extent  for  eco- 
nomic studies  is  as  follows: 


Dependable 

Energy  {Are rage 

Year 

Capacity  {Mw) 

.4  nntial  Mxo) 

1970 

1,320 

763 

1985 

1,125 

396 

2010 

212 

212 

The  disposal  of  Canadian  down- 
stream power  benefits  has  been 
allowed  for  in  Article  VIII,  Section  (1) 
of  the  Treaty: 

(1)  “With  the  authorization  of  Can- 
ada and  the  United  States  of  America 
evidenced  by  exchange  of  notes,  por- 
tions of  the  downstream  power  bene- 
fits to  which  Canada  is  entitled  may 
be  disposed  of  within  the  United 
States  of  America.  The  respective 
general  conditions  and  limits  within 
which  the  entities  may  arrange  initial 
disposals  shall  be  set  out  in  an  ex- 
change of  notes  to  be  made  as  soon 
as  possible  after  the  ratification  date”. 

Delivery  of  Poiver  and  East-West 
Standby  Transmission 

The  Treaty  provides  for  delivery  of 
Canada’s  entitlement  of  downstream 
power  benefits  to  a point  on  the 
International  boundary  near  Oliver, 
B.C.  It  also  provides  for  provision  by 
the  U.S.  of  standby  transmission  serv- 
ice adequate  to  safeguard  the  trans- 
mission in  Canada  from  Oliver,  B.C. 
to  Vancouver,  B.C.  of  Canada’s  en- 
titlement to  downstream  benefits.  For 
this  service  Canada  will  pay  to  the 
U.S.  $1.50  a year  for  each  kilowatt  of 
hydro-electric  capacity  to  which  it  is 
entitled.  This  payment  will  cease 
when  later  a mutually  satisfactory 
electrical  generation  and  transmission 
co-ordination  arrangement  between 
the  Canadian  and  U.S.  entities  is 
achieved.  The  provision  of  standby 
transmission  could  result  in  consider- 
able capital  saving  in  Canada  during 
the  earlier  years  of  the  Treaty. 

Kootenay  River 

The  U.S.  may,  at  any  time,  during 
a period  of  five  years  from  the  ratifi- 
cation date  of  the  treaty,  commence 
construction  of  a dam  on  the 
Kootenay  River  near  Libby,  Montana. 
The  elevation  to  which  water  may  be 
raised  by  this  dam  is  specified.  This 
dam,  if  constructed,  will  cause  flood- 
ing in  the  Kootenay  Valley  in  Canada, 
and  Canada,  will  at  its  cost,  make 
available  and  prepare  for  flooding  the 
area  affected  in  Canada. 

All  benefits  arising  from  the  pro- 
posed Libby  dam  which  occur  in 
either  Canada  or  the  U.S.  will  accrue 
to  the  country  in  which  they  occur. 
The  U.S.  will  normally  operate  the 
Libby  dam  to  meet  its  own  purposes 
in  the  U.S.  However,  if  Canada  con- 
siders that  any  change  in  the  method 
of  operation  might  be  ad^’antageous, 
consultation  between  the  two  operat- 


ing entities  of  the  two  countries  may 
take  plaee,  and  if  it  would  not  be 
disadvantageous  to  the  U.S.  the 
operation  will  be  varied  to  suit 
Canada. 

The  Treaty  provides  for  various 
diversions  which  Canada  may  make 
at  specified  future  times  from  the 
Kootenay  to  the  Columbia  River.  The 
first  of  these  would  not  exceed  1.5 
million  acre  feet  per  annum  and  may 
be  made  at  any  date  after  the  expira- 
tion of  20  years  following  ratification. 
Larger  diversions  may  be  made  after 
60  years  and  expiring  100  years  after 
ratification.  The  objective  of  these 
limitations  is  to  assure  to  the  U.S.  the 
continued  economic  use  and  value  of 
the  Libby  project. 

If  the  U.S.  does  not  exercise  its 
option  to  build  Libby,  Canada  could, 
should  it  so  desire,  at  any  time  make 
a major  diversion  from  the  Kootenay 
River  to  the  Columbia.  It  should  be 
noted,  however,  that  such  diversion 
would  not  be  advantageous  until  after 
considerable  generating  plant  has 
been  installed  on  the  Columbia  River 
in  Canada. 

Provisions  for  Carrying  out  the 
Treaty 

Implementation  of  the  program 
under  the  Treaty  will  require  the 
designation  of  operating  entities  in 
both  Canada  and  the  United  States. 
In  tlie  case  of  Canada  it  is  expected 
that  the  operating  entity  will  be  the 
British  Columbia  Hydro  and  Power 
Authority.  There  will  also  be  a Perma- 
nent Engineering  Board,  consisting  of 
two  members  appointed  by  Canada 
and  two  by  the  United  States,  to  make 
periodic  inspections,  to  require  reports 
from  the  operating  entities  and  gener- 
ally to  observe  the  operation  of  the 
plans  provided  for  by  the  Treaty. 
The  Board  will  report  to  the  govern- 
ments of  Canada  and  the  United 
States  whenever  there  is  a substantial 
deviation  from  the  hydro-electric  and 
flood  control  operating  plans. 

If  the  entities  cannot  reconcile  any 
differences  that  arise  between  them 
with  the  help  of  the  Permanent  En- 
gineering Board,  or  if  there  are  other 
unresolved  differences,  the  Treaty 
provides  that  either  party  to  the 
Treaty — that  is,  either  Canada  or  the 
United  States — may  refer  the  matter 
to  the  International  Joint  Commission. 
If  the  Commission  does  not  render  a 
decision  within  stipulated  times, 
either  party  may  submit  the  differ- 
ence to  an  arbitration  tribunal. 

Treaty  Term 

The  Treat}’,  if  ratified,  will  remain 
in  force  for  a minimum  of  60  >ears, 
terminable  thereafter  on  ten  >ears’ 
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notice  by  either  party.  There  are, 
however,  as  previously  mentioned, 
special  provisions  that  extend  beyond 
the  minimum  60-year  period  in  rela- 
tion to  flood  control  and  certain  diver- 
sions of  water  from  the  Kootenay 
River. 

Achievements  of  the  Treaty 

Having  briefly  outlined  some  of  the 
Treaty  Terms,  it  seems  appropriate 
now  to  summarize  the  Treaty  achieve- 
ments. Firstly,  and  iDerhaps  most  im- 
portant, the  Treaty  assures  recognition 
by  the  United  States  of  the  principle 
that  the  downstream  country  should 
share  the  benefits  it  will  get  from 
storage  in  the  neighbouring  upstream 
country.  This  has  never,  so  far  as  is 
known,  been  accomplished  before  and 
is  a new  development  in  international 
co-operation. 

The  Canadian  power  entitlement  to 
downstream  benefit  power  is  by  no 
means  insignificant.  The  following 
tabulation  gives  the  estimated  figures 


for  the  year 

1970,  after  the  Mica 

Creek  storage  project 

comes  into 

operation . 

TABLE  1 

Benefit  at  generators 

Dependable 

Av.  Amount 

Capacity 

Usable 

Mw 

Energy — Mw 

Arrow  Lakes 

785 

484 

Duncan  I,ake 

no 

75 

Mica  Creek 

415 

204 

TOTALS 

1,310 

763 

The  76.3  average  Mw.  is  equivalent 
to  about  6,700  million  kw.  hours  per 
year.  This  is  equal  to  about  60%  of 
the  present  annual  consumption  of 
energy  in  Southern  B.C.  for  public 
utility  and  industrial  purposes. 

In  addition  to  this  supply  of  power 
and  energy  the  power  benefits  which 
will  arise  in  Canada  from  construction 
and  operation  of  Libby  (if  con- 
structed) and  Duncan  Lake  storages 
will,  on  the  Kootenay  River  provide, 
with  suitable  co-ordination  with  an- 
other system,  a further  224  Mw.  of 
firm  average  energy. 

As  previously  noted,  the  Treaty 
makes  provision  for  flexibility  in  the 
plans  under  which  the  storages  will 
be  operated.  As  power  generation 
facilities  are  installed  on  the  Colum- 
bia River  in  Canada,  it  will  be  possible 
to  devote  steadily  greater  proportions 
of  the  stored  water  to  increasing 
power  generation  in  Canada  and  the 
United  States  jointly  instead  of  in  the 
United  States  alone.  There  will  thus 
be  a shift  of  emphasis  in  the  future 
from  shared  downstream  benefits  to 
Canadian  power  production.  While 
the  nature  and  timing  of  Canadian 


power  plans  cannot  be  finally  set  at 
this  date,  it  is  expected  that  the 
Columbia  River  development  will 
ultimately  produce  20  billion  kilowatt 
hours  of  power  each  year  in  Canada 
over  and  above  the  6.7  billion  kilo- 
watt hours  initial  share  of  downstream 
benefits. 

General  Review  of  Economic  Aspect 

Numerous  estimates  of  power  cost 
on  many  different  bases  were  made 
as  aids  to  judgment  in  negotiating 
the  Treaty.  However,  unless  the  basic 
assumptions  on  which  these  estimates 
were  based  are  clearly  understood, 
they  are  liable  to  be  misleading  and 
no  useful  purpose  can  be  served  by 
presenting  such  material  outside  of 
context.  Factors  which  have  to  be  con- 
sidered include  estimated  capital  cost 
of  projects,  the  cost  of  capital  and  ba- 
sis of  financing,  the  magnitude,  loca- 
tion and  rate  of  growth  of  load,  pos- 
sibilities of  sales  in  the  U.S.,  and  the 
co-ordination  with  existing  and  future 
facilities  in  Canada.  Some  of  the 
early  investment,  particularly  that 
relating  to  Mica  Creek  reservoir,  will 
later  be  utilized  to  serve  for  at-site 
generation,  and  for  downstream  gen- 
erating plants  later  to  be  constructed 
in  Canada.  Canadian  entitlement  to 
downstream  benefits  is  expected  to 
decrease,  the  expected  rate  of  such 
decrease  can  only  be  estimated  and 
is  not  subject  to  Canadian  control. 
Due  to  these  various  uncertainties, 
cost  estimates  made  at  the  present 
time  must  be  regarded  as  tentative; 
however,  they  are  indicative  of  the 
order  of  cost. 

Considering  firstly  Arrow  Lakes 
and  Duncan  Lake  storages,  the  costs 
of  these  projects  were  estimated  by 
the  I.C.R.E.B.  as  follows: 


Arrow  Lakes $66,400,000 

Duncan  Lake $24,800,000 


Total .$91,200,000 


Capital  payment  by  U.S.  for  flood  con- 
trol benefits  in  respect  of  these  storages: 

.$63,200,000 

Estimated  net  capital  cost 

for  power $28,000,000 

The  estimated  Canadian  entitlement  for 
these  two  projects  is  895  Mw  and  5,000 
million  kwh  per  year. 

Assuming  73^%  annual  cost  (including 
interest  at  5)/^%,  amortization  0.41%, 
based  on  50  year  life),  annual  cost  would 
be: 

Storage  reservoirs: 

$28,000,000  at  7^% 

per  annum $2,100,000 

U.S.  standby  charge  for 
transmission  to 
Vancouver: 

895  Mw  at  $1.50 


per  kw $1,342,500 

Total  annual  cost $3,442,500 


The  delivered  energy,  after  allow-  r 
ing  say  5%  for  transmission  losses,  i 
would  be  4,750  million  kwh.  The  unit 
cost  per  kwh  delivered  to  the  Cana- 
dian border  would  be  0.73  mills. 

Due  to  its  later  position  in  the 
storage  credit  sequence,  higher  cost  j 
per  acre  foot  impounded,  and  lesser  ! 
flood  control  benefit  credit,  the  unit  | 
cost  of  downstream  benefit  energy  i 
resulting  from  Mica  Creek  storage  I 
will  be  much  higher.  At  the  present  ' 
time  to  make  even  an  approximation  j 
of  cost  is  difficult.  A generally  ac-  1 1 
cepted  capital  cost  estimate  for  Mica  t 
Creek  storage  dam,  without  generat-  j , 
ing  equipment,  is  $247  million.  This,  i 
however,  is  for  a dam  to  provide 
11.85  million  acre  feet  of  storage,  L 
instead  of  seven  million  acre  feet  as  |} 
required  by  the  Treaty.  The  cost  of  L 
downstream  benefit  energy  computed  h 
on  the  same  basis  as  the  preceding 
estimate  for  Arrow  Lakes  and  Duncan  | ■ 
Lake  and  based  on  use  of  seven  mil-  [ ! 
lion  acre  feet  of  storage  from  such  f j 
a dam  would  be  in  the  order  of  11  to  U 
12  mills  per  kwh.  However,  this  is  ;< 
an  unrealistic  figure  because  much 
of  the  cost  of  this  project  can  be  alio- 
cated  to  at-site  generation.  j 

Studies  are  now  proceeding  on  the  j) 
economics  of  the  Mica  Creek  project  |t 
to  determine  the  extent  to  which  the  !| 
initial  investment,  having  in  mind  a i 
storage  capacity  for  seven  million  acre  ji 
feet,  can  be  decreased.  While  un-  I 
doubtedly  considerable  reduction  in  || 
cost  will  be  found  possible,  the  ulti-  H 
mate  justification  of  Mica  Creek  proj-  > 
ect  will  still  lie  in  at-site  generation  u 
and  firming  up  of  flow  for  down-  |i 
stream  generation  in  Canada  to  a j 
much  greater  extent  than  it  does  for  |1 
the  production  of  downstream  benefit  i 
power  in  the  U.S.  ■’ 

I 

Notwithstanding  the  higher  unit  | 

cost  of  the  downstream  benefit  power  | 
produced  in  the  U.S.  credited  to  Mica,  | 
the  overall  average  cost  of  all  down-  ! 
sti'eam  benefit  power  is  very  favorable  j 
(well  under  4 mills  per  kwh.  includ-  | 
ing  standby  transmission  facilities).  j 

The  very  low  early  costs  resulting  H 
from  Arrow  Lakes  and  Duncan  Lake  || 
power  will  be  invaluable  to  the  || 
Columbia  project  in  its  initial  years  |j 
while  power  demand  is  building  up,  ’ 
and  any  early  surplus  arising  on  this  I] 
account  will  assist  in  providing  a |; 
reserve  to  “cushion”  the  initial  impact 
of  the  Mica  Creek  fixed  charges  when 
these  are  added.  |' 

It  is  not  possible  within  the  scope 
of  this  paper  to  review  in  detail  the 
probable  trend  of  costs  resulting  from 
installation  of  generating  facilities  in  t 
Canada.  Preliminary  studies,  based 
on  the  interest  and  amortization  rates 
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pre\iousl\’  suggested  indicate  the 
probabilitN’  that  the  a\  erage  delivered 
cost  of  energ>’,  including  all  the  trans- 
mission costs,  \\ill  be  in  the  order  of 
■4  mills  per  kwh.  This  figure  compaies 
very  favonrabb’  with  Columbia  River 
power  costs  in  the  U.S.  when  account 
is  taken  of  the  difference  between  ap- 
plicable interest  rates  of  the  two 
countries. 

Some  Points  of  Controversy 

On  a matter  as  complex  as  the 
Columbia  River  scheme,  there  inevit- 
ably are  innumerable  points  of  con- 
troversy. The  Treaty,  from  its  nature, 
is  the  outcome  of  controversy  and 
must  reflect  compromise  by  the  di- 
verse interests  concerned  in  its  prep- 
aration. Much  of  the  subsequent 
criticism  by  the  public  relates  to 
aspects  which  could  only  be  resolved 
by  compromise  and  could  not,  from 
their  nature,  be  settled  to  the  com- 
plete satisfaction  of  either  party.  To 
deal  in  any  way  exhaustively  with 
these  divergencies  of  viewpoint  would 
be  much  beyond  the  scope  of  this 
paper.  It  might  be  of  intei'est,  how- 
ever, to  refer  in  very  general  terms 
only  to  three  points  established  by  the 
Treaty,  as  follows: 

1.  Downstream  power  benefits  are 
to  be  divided  equally  between 
Canada  and  the  U.S. — Why  are 
not  costs  divided  equally? 

2.  More  power  could  have  been 
generated  in  Canada  had  the 
Kootenay  River  been  diverted 
to  the  Columbia — Why,  there- 
fore, was  the  U.S.  given  an 
option  to  construct  Libby  dam, 
thus  preventing  any  major  diver- 
sion during  the  period  of  the 
Treaty? 

3.  Why  was  the  Arrow  Lakes  dam 
flooding  up  to  Revelstoke  in- 
cluded, when  the  same  storage 
might  have  been  obtained  with 
a lower  dam  on  Arrow  Lakes 
and  a higher  dam  near  Mica 
Creek? 

Question  No.  1 relates  to  what 
economists  refer  to  as  the  “net”  or 
the  “gross”  approach.  Should  the  net 
product  be  divided  equally  after  al- 
lowing for  the  cost  of  producing  it 
or  should  the  gross  product  be  so 
divided?  Clearly  the  “net”  approach 
has  an  appearance  of  being  the  more 
equitable  in  relation  to  a co-operative 
partnership  agreement.  From  the 
practical  angle,  however,  in  arrange- 
ments between  two  sovereign  coun- 
tries there  is  much  to  be  said  for  the 
“gross”  approach,  if  only  on  account 
of  its  simplicity. 

In  the  “gross”  approach  each  coun- 


try is  responsible  for  constructing 
facilities  required  under  co-operative 
agreement  in  its  own  country  only. 
It  is  not  concerned  with  construction 
and  the  costs  thereof  in  the  other 
country.  It  is  true  that  in  the  early 
stages  of  the  Columbia  development 
Canada  will  have  to  spend  more  than 
the  U.S.  to  obtain  an  equal  amount 
of  power.  This,  however,  is  because 
the  U.S.  has  already  made  the  neces- 
sary expenditures  on  generating 
plants  and  developments  on  the 
Columbia  River,  and  these  plants, 
with  very  little  addition  in  capacity, 
will  be  available  to  produce  additional 
power  for  both  countries.  After  con- 
sidering the  many  aspects,  including 
costs,  the  I.J.C.  recommended,  subject 
to  certain  safeguards,  an  equal  divi- 
sion of  gross  benefits  and  the  Treaty 
follows  this  recommendation. 

Question  No.  2.  Water  flowing 
down  the  Kootenay  River  in  Canada 
is  utilized  over  about  350  ft.  of  head. 
Water  diverted  to  the  Columbia  could 
ultimately,  when  all  projected  de- 
velopments are  completed,  be  utilized 
over  about  1,000  ft.  of  head  upstream 
from  the  confluence  of  the  Columbia 
and  the  Kootenay.  The  increased 
power  which  could  be  generated 
would  amount  to  approximately  300 
Mw.  of  firm  energy.  Cost  estimates 
showed  that  this  additional  power 
and  energy  could  be  produced  at  less 
than  present-day  thermal  generation 
cost  in  Canada,  although  not  at  a cost 
low  enough  to  find  a market  in  the 
U.S.  It  probably  would  be  many  years 
before  this  additional  power  could  be 
marketed  in  Canada.  It  can  also  be 
shown  that  the  unit  cost  to  Canada  of 
generating  power  from  Libby  storage 
is  considerably  lower  than  the  unit 
cost  to  Canada  of  developing  a larger 
amount  of  power  on  the  Canadian 
reach  of  the  Columbia.  As  a result  the 
unit  cost  of  the  increment  of  increased 
power  output  on  the  Upper  Columbia 
is  relatively  expensive.  The  U.S. 
urgently  requires  a storage  reservoir 
on  the  Upper  Kootenay  to  control 
floods  in  the  Bonners  Ferry  area  as 
well  as  to  provide  at-site  and  addi- 
tional downstream  power.  This  stor- 
age could  be  either  at  Libby  or 
alternatively  two  reservoirs,  one  at 
Bull  River  and  one  at  Dorr  could  be 
constructed  in  Canada. 

The  Canadian  reservoirs  would  be 
less  costly  than  Libby,  but  much  more 
costly  per  acre  foot  of  storage  than 
Arrow  Lakes.  The  cost,  therefore,  of 
downstream  power  received  in  Can- 
ada during  the  early  years  of  the 
Treaty,  would  be  considerably  in- 
creased over  what  it  would  be  with 
the  Arrow  Lakes  project.  Undevel- 
oped hydro-clectric  power  resources 


are  comparatively  plentiful  in  B.C., 
and  can  be  developed  at  comparable 
or  lower  cost  than  the  incremental 
cost  of  power  arising  from  the 
proposed  major  diversion  of  Kootenay 
flow  to  the  Columbia.  However, 
the  major  disadvantage  of  the  Dorr- 
Bull  River  reservoir  project  used 
for  diversion  is  that  it  would  also 
flood  an  undesirably  large  area  of 
potentially  valuable  valley  bottom 
land.  The  East  Kootenay  valley  would 
be  flooded  from  near  the  International 
Boundary  to  Canal  Flats,  and  the 
Upper  Columbia  Valley  from  Canal 
Flats  through  Columbia  and  Winder- 
mere  Lakes  to  Luxor.  This  flooding 
would  displace  over  1,600  xrersons 
and  inundate  90,000  acres  of  land, 
creating  a new  major  water  barrier 
to  East  and  West  road  and  rail  travel. 
Balancing  of  these  and  other  factors 
led  to  the  conclusion  that,  on  suitable 
terms,  the  most  appropriate  solution 
to  the  Kootenay  River  problem  lay  in 
construction  by  the  U.S.,  should  it  so 
desire,  of  Libby  dam. 

Question  No.  3.  One  of  the  main 
objections  to  Arrow  Lakes  dam  has 
been  that  a substantial  amount,  or  all, 
of  the  storage  to  be  provided  at 
Arrow  Lakes  could  have  been  pro- 
vided at  Mica  Creek,  thus  saving  the 
flooding  of  about  25,000  acres  of 

land,  half  of  which  can  be  classed 
as  arable,  and  affecting  about  2,000 
people.  However,  there  are  obvious 
and  heavy  disadvantages  in  transfer- 
ring storage  from  Arrow  Lakes  to 

Mica  as  an  examination  of  the  follow- 
ing figures  will  indicate: 

Drainage  area  above 

Mica 8,200  sq.  miles 

Average  yield 20,400  c.f.s. 

Drainage  area  between 
Mica  and  outlet  of 

Arrow  Lakes 6,200  sq.  miles 

Average  yield 21,700  c.f.s. 

Gross  head  to  be  devel- 
oped between  Mica  full 
pool  and  outlet  of 

Arrow  Lakes,  approxi- 
mately  990  ft. 

Gross  head  to  be  devel- 
oped in  Canada  below 
Arrow  Lakes  (Murphy 
Creek  Project), 

approx 75  ft.* 

Gross  head  developed  or 
to  be  developed  (1129 
feet  existing  or  under 
construction)  in  U.S. A. 
downstream  of  Arrow 
Lakes 1,201  ft. 

*This  might  be  increased  bv  36  feet  if 
the  Boundary  project  is  found  to  be 
economically  feasible. 

In  considering  the  problem  of  stor- 
age location  in  greater  detail,  there 
are  at  least  three  factors,  as  follows, 
which  ha\e  to  be  weighed: 
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1 . Construction  of  Mica  Creek 
dam  would  take  longer  than  Arrow 
Lakes  dam — including  two  seasons  for 
site  investigations  — approximately 
nine  years  as  compared  witli  five 
vears  for  Arrow  Lakes.  Both  Canada 
and  the  U.S.  will  require  additional 
sources  of  power  to  be  developed 
within  five  years.  In  the  U.S.  this 
might  take  the  form  of  storage  which 
would  be  developed  before  Columbia 
River  storage  in  Canada,  thus  having 
the  effect  of  reducing  the  value  of 
such  storage  when  constructed.  In 
Canada  it  would  probably  necessitate 
development  of  more  expensive  ther- 
mal pov’er. 

2.  It  is  important  that  power  be 
made  available  in  Canada  to  suit  the 
Canadian  load  growth  and  at  low 
cost  during  the  early  years  while  the 
load  is  small.  Arrow  Lakes  has  a great 
advantage  over  Mica  in  this  respect. 
Its  estimated  cost  is  $66.5  million  to 
produce  4.25  billion  kwh/year  down- 
stream power  benefits  returnable  to 
Canada  in  first-added  position,  com- 
pared with  $247  million  at  Mica  in 
first-added  position  to  produce  a 
Canadian  entitlement  to  5.25  billion 
kwh.  It  is  also  to  be  noted  that  Mica 
could  not,  in  any  event,  take  a “first- 
added”  position,  since  Mica  could 
not  be  built  as  quickly  as  U.S.  storage 
projects. 

Even  the  figures  above  do  not  fully 
reflect  the  advantage  of  Arrow  Lakes 
since  they  do  not  take  into  account 
the  $52  million  to  be  paid  for  flood 
control  benefits  under  the  three 
Treaty  projects.  Mica  could  not  pro- 
vide a similar  degree  of  flood  control 
due  to  its  position  further  up  the 
drainage  area,  and  the  measure  of 
flood  control  that  Mica  could  provide 
would  be  more  costly. 

It  is  also  of  significance  to  note  that 
even  with  the  complete  head  de- 
veloped, there  would  still  be  little 
cost  differential  in  favor  of  Mica. 
This  is  shown  in  the  following  figures: 

Gross  head  developed  or  being 
developed  on  Columbia  River 

in  U.S 1,201ft 

Allow  half  of  this  head  for  re- 
turn of  “downstream  benefit” 
power 600  ft. 

Gross  head  to  be  developed  on 
Columbia  River  in  Canada, 
downstream  from  Mica 


Above  Revelstoke 989  ft. 

Murphy 75  ft. 

Total 1,064  ft. 


(Additional  head  may  be  developed  at 
Boundary,  and  some  generating  plant  may 
be  installed  at  Arrow  Lakes.) 


Estimated  cost  per  acre  ft. — Arrow  Lakes 

166,500,000 

= = $9.3  per  acre  ft. 

7.100.000 

Estimated  cost  per  acre  foot — Mica 
$247,000,000* 

= = $21.30  per  acre  ft. 

11.685.000 

Cost  of  Arrow  Lakes  storage  per  acre  foot 
per  foot  of  head  gained  by  Canada: 

$9.3 

= $0.0137 

600  + 75 

Cost  of  Mica  storage  per  acre  foot  per  foot 
of  head  gained  by  Canada  : 

$21.3 

= $0.0128 

600  -t-  1064 

* Any  estimated  cost  figures  quoted 
herein  are  subject  to  review. 

LTltimately,  therefore,  only  when  all 
head  is  developed  would  Mica  stor- 
age, on  a first-added  basis,  become 
comparable  in  value  to  Arrow  Lakes 
storage  and  at  that  time  much  of  the 
storage  in  Mica  is  needed  for  at-site 
and  downstream  generation  in  Can- 
ada and  must  be  withdrawn  (as  per 
Treaty)  from  allocation  to  the  United 
States  for  generation  of  downstream 
benefit  power. 

3.  The  basic  objective  of  the 
Treaty  is  to  make  available  storage 
in  Canada  to  be  used  to  improve  flow 
in  the  U.S.  However,  the  day  will 
come  when  generating  facilities  to 
meet  Canadian  loads  will  be  installed 
in  Canada.  The  method  of  operation 
of  storage  to  suit  such  generating 
plants  will  be  quite  different  from 
that  required  to  suit  U.S.  plants  on 
the  Lower  Columbia  River.  As  a 
result  of  having  the  storage  divided 
into  the  two  reservoirs.  Mica  and 
Arrow,  both  requirements  can  be  met. 
Mica  storage  and  its  at-site  generat- 
ing plants,  together  with  downstream 
installations  in  Canada,  can  be  oper- 
ated to  suit  the  Canadian  load  pattern, 
while  discharges  from  Arrow  Lakes 
will  be  approximately  such  as  are 
required  for  U.S.  generation.  If  all  the 
storage  had  been  concentrated  at 
Mica,  generation  to  suit  Canadian 
requirements  would  have  resulted  in 
a very  substantial  reduction  in  down- 
stream benefit  power  in  the  U.S.  or 
alternatively,  operation  to  meet  U.S. 
requirements  would  result  in  widely 
fluctuating  flows  through  the  Mica 
generating  plant  with  a consequent 
major  reduction  in  the  firm  output 
of  Mica  generation. 

Arrow  Lakes  and  Mica  storages 
are  complementary.  Arrow  Lakes  will 
provide  early  low  cost  power  returns, 
and  later  will  serve  to  maintain  the 
level  of  downstream  benefit  power, 
while  Mica’s  function  will  be  increas- 
ingly to  regulate  flow  for  at-site  and 
downsti'eam  generation  in  Canada. 


Summary  and  Conclusions  | 

Although  the  full  conclusion  is  yet 
to  come  and  will  not  be  apparent 
until  after  the  project  has  been  operat- 
ing for  some  years,  there  is  no  doubt 
that  implementation  of  the  Treaty 
will  be  greatly  beneficial  to  both  I 
Canada  and  the  U.S.  While  the  terms  ; 
of  the  Treaty  are  such  as  to  assure  j 
to  both  countries  certain  basic  bene-  ' 
fits,  they  provide  for  considerable  I 
flexibility  in  the  working  out  of  de- 
tails and  this  phase,  with  certain 
checks,  is  left  to  the  operating  entities. 

The  fact  tlrat  tliis  measure  of  flexibil-  : 
ity  exists  presages  well  for  successful  i 
co-operative  utilization  of  the  Colum-  ; 
bia  River  upstream  storage. 
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POWER  IN  CANADA 


PROGRESS  IN  POWER  DISTRIBUTION 

R.  E.  Jones,  Contributing  Editor,  Electrical  News  and  Engineering 


These  remarks  are  applicable 
mainly  to  North  America. 

The  distribution  of  electric  power 
realb’  got  its  start  in  1882  when  Edi- 
son commenced  his  direct  current 
system  in  New  York.  It  supplied  225 
houses  with  a total  of  5000  lamps. 
Four  years  earlier  series  arc  systems 
were  in  use  to  light  streets  and  a few 
buildings.  Streets  w'ere  already  ob- 
scured by  many-armed  poles  of  tele- 
phone, telegraph,  messenger,  fire 
alarm  and  ticker  circuits,  many  of 
which  were  allowed  to  remain  after 
the  owners  were  defunct. 

Edison  chose  110  volts,  probably 
because  it  was  the  most  satisfactory 
for  the  carbon  filament  lamp  he  had 
invented.  Two  dynamos  were  con- 
nected in  series  so  as  to  have  110  volts 
for  the  lamps  and  220  volts  for  the 
lower  loss  transmission,  a system  wide- 
ly used  to  this  day  on  low  voltage 
single  phase  circuits.  Today  only  a 
few  direct  current  systems  remain  in 
the  downtown  areas  of  large  cities. 

The  Edison  system  was  under- 
ground and  used  20  ft.  lengths  of 
iron  pipe,  inserted  in  which  were 
three  solid  copper  conductors,  each 
bound  with  a heavy  layer  of  yarn. 
The  pipes  were  placed  on  end  and 
filled  with  compound.  The  pipes  were 
placed  in  the  ground  and  joined  with 
split  egg-shaped  castings  which  had 
provision  for  service  take-offs.  At  each 
street  intersection  there  was  a fuse 
box,  with  the  top  flush  with  the  pave- 
ment, into  which  both  mains  and 
feeders  were  connected.  There  is 
probably  little  of  this  system  in  use 
today. 

Also  in  1882  was  invented  the  trans- 
former by  Gaulard  and  Gibbs.  It  was 
brought  to  America  by  George  West- 
inghouse who  redesigned  it  for  pro- 
duction on  a commercial  basis  and 
used  it  on  his  initial  trial  at  500  to 
100  volts  in  Massachusetts  in  1886. 
The  same  year  a commercial  installa- 
tion went  into  service  at  Buffalo,  New 
York,  in  spite  of  some  effort  on  the 
part  of  the  public  to  limit  lines  to  800 
volts.  Primary  voltage  was  1000  and 
secondary  was  100  volts  at  133  cycles. 
In  1888  Tesla  designed  the  polyphase 
system.  In  1890,  60  cycles  was 
selected  for  general  use  and  30  cycles 
for  conversion  to  direct  current. 


As  alternating  current  voltages  in- 
creased with  distances  supplied  a 
branch  of  distribution  became  impor- 
tant— transmission — which  is  actually 
distribution  over  long  distances  of 
relatively  large  blocks  of  power.  The 
characteristics  of  transmission  lines 
are  the  higher  voltages  necessary 
and  the  large  amounts  of  power 
carried,  requiring  mainly  mechanical 
differences  from  the  low  voltage  cir- 
cuits. 

Voltages 

In  Italy  in  1886  power  was  trans- 
mitted 17  miles  at  2000  volts.  In  Eng- 
land we  know  of  10  kv.  in  the  early 
90’s.  Buffalo  received  power  from 
Niagara  Falls  in  1896.  Ten  years  later 
60  kv.  was  in  operation  in  Ontario  and 
a few  years  later  110  kv.  In  1930 
Ontario  had  220  kv.  and  in  1936,  287 
kv.  was  used  to  deliver  power  from 
Hoover  Dam.  Lines  are  now  built  up 
to  500  kv.  and  an  experimental  instal- 
lation at  750  kv.  is  under  construction. 

At  the  other  end  of  the  scale,  over 
the  years  the  original  100  to  110  volts 
has  increased  to  120  by  increments  of 
five  volts.  For  mixed  power  and  light 
120/208  volts  wye  is  in  common  use; 
in  Europe  it  is  240/416  volts.  In 
U.S.A.  440  to  480  volts  is  standard  for 
motors  and  as  a result  a 277/480  volt 
system  is  receiving  wide  publicity 
there.  In  Ganada  where  the  larger 
motors  are  predominately  550  or  600 
volts  the  die  seems  to  be  cast  for  240/ 
480  volts  single  phase,  with  240/416 
volts  for  combined  power  and  light- 
ing when  the  conditions  warrant  the 
expensive  switch  to  another  voltage. 

Primary  voltages  soon  climbed  to 
2080  and  2200.  This  latter,  boosted 
gradually  to  2400  volts,  has  been  in 
common  use  for  50  years.  In  1910  the 
4000/2300  volts  wye  system  with 
common  neutral  was  devised  in  Tor- 
onto by  Hood.  Most  2400  volt  delta 
systems  have  now  been  converted  to 
the  wye  connection  which  allows  of 
the  use  of  the  existing  transformers. 
In  1928,  8.32/4.8  kv.  was  started  in 
Ontario.  In  1935  a general  start  was 
made  on  12.5/7.2  kv.  wye.  There  are 
other  voltages  in  this  latter  range  but 
they  are  not  too  common.  Some  years 
ago  there  was  a doubling  of  voltage 
to  25/14.4  kv.  wye.  This  has  been 


highly  satisfactory  with  a large  re- 
duction in  losses  at  small  cost.  A 
couple  of  operators  in  U.S.A.  are  try- 
ing out  34.5  kv.  wye.  The  cost  of 
transformers  at  this  latter  voltage  is 
high  and  its  use  will  be  somewhat 
limited  for  the  present. 

In  the  early  days  of  electric  distri- 
bution someone  made  a “rule  of 
thumb”  that  to  transmit  power  eco- 
nomically it  was  necessary  to  use 
“1000  volts  per  mile”.  It  is  remark- 
able how  applicable  this  rule  has 
proved  even  today.  That  person  either 
had  extraordinary  powers  of  percep- 
tion or  was  just  plain  lucky. 

Substations 

For  many  years  direct  and  alternat- 
ing current  feeders  reached  out  from 
the  generating  station.  As  both  loads 
and  distances  grew  it  was  necessary  to 
use  higher  voltage  to  a substation  the 
lower  primary  voltage  thence. 

At  first  a typical  red  brick  build- 
ing was  used  to  house  the  transform- 
ers and  high  and  low  voltage  equip- 
ment, the  incoming  and  outgoing 
feeders  using  porcelain  bushings  set 
into  the  wall.  When  transformers  were 
designed  to  withstand  weather  the 
high  voltage  equipment  began  to 
move  outdoors  until  now  transform- 
ers are  seldom  enclosed.  There  are 
now  two  schools  of  thought  as  to 
whether  to  house  indoor  equipment 
or  to  use  metal-clad  or  other  type  of 
outdoor  apparatus  without  a build- 
ing. And  so  with  transformers  there 
is  difference  of  opinion,  some  prefer- 
ring three-phase  units  on  account  of 
space  and  cost;  others  use  single- 
phase units  where  space  permits  due 
to  ease  of  handling  in  emergency  and 
ability  to  operate  at  reduced  capacity 
with  two  transformers  in  event  of  a 
winding  failure. 

Structures  are  of  wood,  steel,  alum- 
inum and  in  Mexico,  of  concrete.  If 
structure  and  bus  bars  are  both  of 
aluminum  the  latter  must  be  clearly 
marked  such  as  with  reflecting  tape. 

One  jn'oblem  in  residential  areas  is 
the  loud  hum  from  transformers.  \/ui- 
ous  methods  of  eliminating  this  nui- 
sance are  surrounding  the  transformers 
with  a ceramic  wall,  rubber  mounting 
discs  for  the  transformers,  snrrounding 
earth  banks  and  a source  of  neutraliz- 
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ing  noise.  Stations  among  new  homes 
have  been  disguised  as  houses  with 
tlie  e.xception  of  the  transformers 
walled  in  to  the  rear. 

Supports 

All  but  the  circuits  of  100  kv.  and 
up  are  generally  supported  on  poles 
of  wood,  steel  or  concrete.  The  latter 
two  have  not  found  general  favor  ex- 
cept for  urban  locations  under  cer- 
tain conditions.  For  use  elsewhere 
there  is  the  question  of  cost,  the  lack 
of  insulation  to  ground,  the  necessity 
of  a ladder  to  reach  the  conductors 
and,  except  in  the  case  of  large  di- 
ameter hollow  poles,  the  need  of  some 
concrete  for  the  setting  in  soil. 

From  the  earliest  days  of  the  tele- 
graph wood  has  been  used  for  the 
support  of  overhead  wires.  For  many 
r ears  cedar  was  the  standard  material 
in  Canada,  Eastern  cedar  in  the  East 
and  Western  red  cedar  in  the  West 
and  for  longer  poles  anywhere.  In 
the  United  States,  chestnut  was  much 
used  until  the  species  was  almost 
wiped  out  by  a blight.  In  recent  years 
due  to  depletion  of  the  supply  of  East- 
ern cedar,  pine  has  been  the  large 
source  of  poles  up  to  40  ft.,  jack  pine 
in  Canada  and  southern  pine  in  the 
U.S.  Other  species  have  been  used  to 
a limited  extent. 

While  eastern  cedar  would  last  up 
to  40  years  under  favorable  condi- 
tions life  expectancy  was  rated  at  20 
years,  while  the  western  cedar  might 
fail  in  five  or  six  years  in  certain 
soils. 

The  practice  now  is  to  treat  all 
poles  with  a preservative.  Western 
cedar  may  have  only  a dip  treatment 
of  the  incised  butt  or  it  may  be  full 
length.  The  pines  are  given  a full 
length  pressure  treatment.  Preserva- 
tive was  almost  entirely  creosote  for 
nearly  100  years  but  in  recent  years  it 
has  had  stiff  competition  from  penta- 
chlorophenol  in  fuel  oil.  The  penta 
gives  a cleaner  pole  without  loss  in 
to.xicity.  The  life  of  treated  poles 
should  average  35  years. 

In  the  early  days  the  poles  were 
erected  with  a hope  that  a storm 
would  not  break  them.  Then  a formu- 
la was  evolved  and  poles  were  selected 
according  to  the  anticipated  simultan- 
eous transverse  loading  of  the  poles 
and  conductors,  in  most  of  Canada 
calculated  at  one  half  inch  radial  cov- 
ering of  ice  and  eight  pounds  of  wind 
(57  m.p.h.)  on  the  projected  area.  In 
the  19.30’s  research  proved  that  while 
either  of  the  above  loading  factors 
could  be  exceeded  it  was  exceptionally 
rare  that  the  extreme  ice  and  wind 
coincided.  Subsequently  storm  load- 
ing requirements  in  heavy  loading 
areas  were  reduced  to  half  inch  of 
ice  and  four  pounds  of  wind.  This 


permitted  use  of  lighter  poles  or  con- 
versely the  construction  of  econom- 
ical longer  spans  with  available  poles. 

In  the  early  days  the  spacing  of 
poles  was  about  100  feet,  perhaps  be- 
cause this  suited  the  supporting  of 
street-car  trolley  wires.  Forty  years 
ago  there  was  a departure  from  the 
short  spans  in  open  country,  the  eco- 
nomical point  for  primary  lines  being 
300  to  400  ft.  under  normal  condi- 
tions. With  a span  of  greater  length 
costly  longer  poles  are  required. 

For  lines  of  100  kv.  plus  the  stand- 
ard practice  is  to  use  twin  poles 
with  long  arms  or  towers  and  spans  up 
to  1000  ft.  The  latter  may  be  in  sev- 
eral forms  — “A”  frames,  small  base, 
three  legged,  four  legged  or  single 
base  towers,  the  latter  being  guyed  in 
all  directions.  Steel  has  been  the  stand- 
ard material  for  towers  but  recently 
some  utilities  have  used  aluminum, 
the  light  weight  being  a big  advan- 
tage in  remote  areas.  In  fact  some 
towers  of  aluminum  are  being  trans- 
ported assembled  and  then  placed  in 
position  by  helicopter. 

In  the  last  25  years  two  old  in- 
herited practices  have  disappeared — 
vee  roofing  of  pole  tops  with  the 
erroneous  idea  that  rain  would  wash 
off  the  angle  surface  instead  of  sink- 
ing into  the  coarse  grain  of  the  wood; 
and  the  cutting  of  a gain  to  seat  the 
cross-arm,  nominally  five  eighths  of  an 
inch  deep,  with  a wide  variation  ac- 
cording to  the  whim  of  the  lineman 
with  a resulting  loss  of  much  of  the 
needed  sapwood. 

The  crossarm  is  still  largely  fir, 
although  the  vast  amount  of  this  ma- 
terial used  for  plywood  is  depleting 
the  supply.  Perhaps  western  hemlock 
will  be  the  next  wood  in  Canada  for 
crossarms.  In  U.S.,  treated  southern 
yellow  pine  is  in  large  use,  where 
much  of  the  fir  arms  also  are  treated. 

We  have  been  and  continue  to  be 
wasteful  of  crossarm  material,  using 
many  more  and  often  larger  arms  than 
are  necessary.  This  also  far  from  im- 
proves the  appearance  of  our  streets. 

The  pins  in  the  crossarm  are  of 
wood  or  steel,  the  wood  pin  having 
changed  little  in  100  years.  Wood 
used  is  practically  all  black  locust. 

A large  proportion  of  the  utilities 
are  now  going  to  steel  pins,  particu- 
larly for  the  higher  voltages.  In  spite 
of  a much  higher  cost  the  steel  pin  is 
proving  economical  due  to  its  con- 
tinued strength,  long  life  and  absence 
of  acid  digestion  of  wood.  While  the 
half-inch  shank  pin  appeared  to  have 
sufficient  initial  strength,  continued 
pressure  from  wind  on  the  conductor 
caused  gradual  bending  and  a five- 
eighth  inch  shank  is  now  the  general 
standard  for  low  voltage  lines. 

With  the  common  neutral  wye  pri- 


mary system,  a single  phase  circuit 
may  use  a steel  top-pin  instead  of  an 
unsightly  arm. 

Guying  of  points  of  unbalanced  load 
has  changed  little  except  that  gener- 
ally the  5 ft.  log  “dead-man”  has  been 
replaced  by  a metal  plate  of  any  of  a , 
number  of  designs.  Now  the  anchor  is  ! 
placed  at  the  calculated  correct  dis-  | 
tance  from  the  pole  rather  than  at  ; 
what  the  lineman  considered  to  be  a ^ 
suitable  spot.  , 

The  early  bottle-glass  telegraph  pin  i 
insulator  with  a larger  groove  was  1 
the  standard  for  many  years  for  low  1 
voltage  lines  but  50  years  ago  wet-  i 
process  porcelain  came  to  the  fore  1 1 
with  the  advantage  that  it  would  not 
break  easily,  such  as  in  a man’s  hand  j 
when  screwed  on  too  tight.  Then  tern-  i 
pered  glass  became  available  and  is  |c 
now  used  to  a considerable  extent. 

The  early  method  was  to  dead-end  I 
a conductor  on  two  pins  of  double  | 
arms  with  a figure-eight  tie  with  the  ! 
mistaken  belief  that  the  two  pins  1 1 
shared  the  load,  resulting  in  many  ^ 
early  pin  failures.  Then  a guy-strain  \ 
insulator  was  used  for  many  years,  ; - 
followed  by  a spool  insulator  in  a 
clevis.  At  much  over  5 kv.  radio  in-  ( . 
terference  became  a problem  no  mat-  ! 
ter  how  large  a spool  was  used.  The  \ < 
standard  dead-ends  now  are  suspen-  È 
sion  type  insulators  for  all  voltages.  j 

For  high  voltage  lines,  usually  those  ^ i 
over  60  kv.,  strings  of  10  in.  suspen-  j 
sion  disc  insulators  are  installed.  As  | 
the  voltage  increased  it  was  necessary 
to  use  larger  diameter  conductors  to  j 
reduce  corona  losses.  When  much  over  1 • 
300  kv.  is  used  another  arrangement  ji 
became  necessary  — bundled  conduc-  | 
tors.  Two  or  four  parallel  conductors  j- 
are  attached  to  the  one  insulator  clamp  * ( 
at  a spacing  of  perhaps  10  in.,  using  j; 
mid-span  spacers.  ’ 

Secondary  conductors  are  still  some-  | 
times  supported  on  crossarms  but  the  p. 
general  practice  is  to  use  vertical  in-  j 
sulator  racks.  { 

Conductors  i| 

While  the  steel  wire  used  for  tele-  ; 
graphs  and  telephones  had  sufficient  ï 
strength  it  lacked  the  conductivity  | 
necessary  for  power  use.  An  available 
and  cheap  material  was  copper,  with  j 
a low  resistance  and  excellent  weather-  ; 
ing  characteristics.  When  additional  i 
strength  was  required  “hard  drawn”  j 
wire  was  obtained  by  omitting  the  ; 
usual  softening  after  the  final  draws  j 
through  the  dies.  For  flexibility  in  , 
handling  larger  sizes  are  stranded. 

In  1895  in  both  France  and  Cali-  j 
fornia  lines  with  short  spans  were  j 
built  with  solid  aluminum  wires.  In  , 
1899,  a seven-strand  aluminum  con-  i 
ductor  was  used  in  U.S.A.  and  in  j 
1902,  a 50  kv.  seven-strand  aluminum 
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line  was  erected  from  Shawinigan 
^ Falls  to  Montreal.  In  1908  steel- 
, reinforced  alnminnm  conductor  \\’as 
i designed  and  the  next  >’ear  a 33  kv. 
line  of  No.  2 ACSR  was  erected  in 
Ohio.  In  the  smaller  sizes  nsnally  six 
. strands  of  alnminnm  are  spun  around 
- ' a gah  anized  core  of  \'ery  high  strength 
steel.  For  large  conductors  there  may 
be  two  layers  of  aluminum  strands 
■ ' with  a stranded  steel  core.  Various 
combinations  of  alnminnm  and  steel 
ha\’e  been  used  for  special  conditions. 
Solid  alnminnm  has  been  used  for 
light  loads. 

Since  1821,  efforts  have  been  made 
to  apph'  a coating  of  copper  to  steel 
wire,  heavier  than  could  be  done  by 
electro-plating.  Varions  methods  over 
the  x’ears  were  xvrapping  a copper 
tape  and  tinning,  rolling  on  a copper 
shell,  drawing  on  a copper  sheath.  In 
1915,  copperweld  was  born  bv  pour- 
ing molten  copper  around  a 48  in.  by 
6 in.  hot  steel  billet  in  an  8 in.  di- 
ameter mold  and  then  rolling  and 
drawing  down  the  bimetallic  material 
to  the  required  size,  the  steel  remain- 
ing centered  in  the  conductor.  To  ob- 
tain greater  conductivity  two  copper 
wires  are  stranded  with  one  of  cop- 
perweld to  form  copperweld-copper. 

The  tying  of  a conductor  to  the  in- 
sulator is  of  the  utmost  importance  if 
damage  from  vibration  caused  by  the 
wind  is  to  be  avoided.  Aluminum  is 
particularly  vulnerable  to  this  afflic- 
tion. However,  this  hazard  has  been 
almost  universally  avoided  by  the  use 
of  armor  tape  and  a long  tie  w4rich 
avoids  a sharp  radius  of  bending  or 
by  armor  rods. 

Where  covered  conductors  were 
required,  a cotton  braid  was  applied 
in  two  or  three  layers  and  then  im- 
pregnated with  asphalt.  This  consti- 
tuted an  insulation  for  a year  or  so 
and  after  that  formed  only  a mechani- 
cal separation.  When  it  finally  rotted 
it  hung  in  untidy  strands.  Polyvinyl- 
chloride was  the  next  covering  and 
served  well  except  when  pulling 
around  a glass  or  porcelain  insulator 
under  tension  where  it  tended  to  stick 
and  gather  the  covering  along  the 
wire.  Now  the  generally  used  covering 
is  polyethylene  which  also  has  high  in- 
sulating value  but  softens  under  high 
temperature  due  to  its  105  degree  C. 
soft  point.  Weatherproof  covering  of 
conductors  has  been  generally  limited 
to  5000  volts  and  less,  due  to  radio 
interference  at  insulator  ties  at  higher 
voltages.  This  may  not  apply  to  poly- 
ethylene with  its  high  insulating  value. 
Polyethylene  must  be  mixed  with  a 
dark  pigment  to  avoid  early  cracking 
from  sunlight. 

Aerial  cables  have  been  used  in 
some  form  for  a couple  of  generations. 
At  first,  underground  cables  were 


suspended  on  messengers.  Then  there 
u'as  a self-supporting  single  conductor 
cable,  with  a grounded  outer  metallic 
covering  for  neutral,  for  use  in  short 
spans.  The  next  step  xvas  a single  or 
three  conductor  cable,  consisting  of 
rubber  insulated  conductors  bound  in 
the  factory  to  a high  .strength  messen- 
ger w'ith  a cojDper  tape.  Later  the 
practice  of  the  telephone  utilities  was 
followed  whereby  the  messenger  was 
erected  first  and  then  the  conductors 
\vere  bound  on  with  a “spinner”. 

Recently  a new  type  with  consider- 
ablv  lower  cost  has  become  available 
— spacer  aerial  cable.  Insulated  con- 
ductors are  separated  a few  inches  by 
plastic  hangers  attached  to  the  mess- 
enger at  the  pole  and  in  the  span. 

For  secondaries  the  conductors  are 
factory  assembled  to  the  messenger 
which  also  acts  as  the  neutral.  Some 
feel  that  with  heavy  loads  the  reduced 
ventilation  will  cause  thermal  prob- 
lems, or  at  least  reduce  the  permis- 
sible load.  Others  are  afraid  of  failure 
due  to  close  contact  with  thin  insula- 
tion, a mere  crack  allowing  a damag- 
ing leakage  current. 

The  use  of  aerial  cables  is  spread- 
ing on  account  of  appearance,  reduc- 
tion of  necessary  tree  trimming  and 
ability  to  use  it  in  places  where  there 
is  lack  of  clearance  for  open  wires. 

Transformers 

From  the  time  of  its  inception  the 
transformer  has  been  improved  in 
spurts,  often  years  elapsing  between 
changes  in  design. 

Over  the  years  the  core  losses  have 
been  reduced  and  the  core  has  become 
more  efficient  by  the  use  of  better 
steel,  notably  the  oriented  grain  type. 

Some  time  in  the  1920’s,  steel  cases 
came  into  general  use  for  distribution 
transformers.  Previously  the  cases  of 
cast  iron  were  heavy  and  bulky,  but 
the  metal  seemed  to  sweat  oil,  and 
one  with  any  signs  of  rust  was  a rare 
sight.  With  the  sheet  metal  tank,  there 
is  the  problem  of  a protective  finish. 
Galvanizing  is  too  costly,  and  paint  is 
often  scratched  during  erection.  On 
one  large  job  the  cases  were  coated 
with  a good  quality  of  paint  after 
erection  and  15  years  later  the  finish 
was  dull  but  unbroken. 

Until  recent  years  transformers 
were  attached  to  the  crossarms  with 
heavy  strap  iron  hangers.  The  ten- 
dency now  is  to  attach  the  case  direct- 
ly to  the  pole  with  two  bolts,  elimin- 
ating the  necessity  of  crossarms. 

For  some  unknown  reason  on  this 
continent  it  has  been  standard  prac- 
tice to  place  the  high-voltage  bushings 
at  the  sides  near  the  crossarm  with 
the  secondaries  in  front  of  the  case. 
Now  a large  proportion  of  transform- 
ers of  7.2  kv.  and  higher  have  the 


primary  bushings  in  the  top  cover,  an 
arrangement  convenient  for  tapping  to 
the  high-voltage  conductor  above. 

It  has  been  traditional  to  equip  dis- 
tribution transformers  with  three 
reduced-voltage  taps  on  the  primarv 
winding.  Some  operators  still  demand 
these  taps  with  the  excuse  that  lo\v- 
voltage  conditions  require  them,  while 
the  actual  problem  is  generally  low- 
voltage  at  time  of  heavy  load,  a condi- 
tion that  cannot  be  cured  by  fixed 
taps.  An  economical  substitute  for 
taps  is  an  auto-transformer  to  be 
placed  on  the  pole  and  connected  to 
the  secondary  where  required.  Trans- 
formers without  taps  cost  less  and  are 
stronger  electrically. 

Transformers  with  dual  primary 
windings  are  available  for  use  where 
it  is  anticipated  that  the  primary  volt- 
age of  the  system  will  be  changed 
within  a reasonable  period. 

Manufacturers  have  been  able  to 
reduce  costs  by  machine  winding  of 
the  core  around  the  coils  instead  of 
the  reverse  procedure.  Higher  basic 
impulse  levels  of  insulation  have  con- 
siderably improved  the  life  expect- 
ancy. 

Lightning  Protection 

Lightning,  long  a hazard  to  all 
overhead  wire-using  utilities,  has  been 
given  a lot  of  study  coupled  with  lab- 
oratory research. 

The  simple  telegraph  gap  drained 
off  the  lightning  charge  but  for  power 
use  there  was  nothing  to  stop  the 
power  current  following  the  arc  cre- 
ated by  the  lightning  discharge. 

Early  it  was  realized  that  there 
must  be  a gap,  or  series  of  gaps,  set 
at  higher  than  line  voltage,  so  that 
equipment  acting  as  a valve  would  not 
be  submitted  continuously  to  line  po- 
tential. This  was  evidenced  by  the 
trouble  with  enclosed  gaps,  which  be- 
came shorted  when  moisture  crept  in. 

Various  schemes  were  tried  — gaps 
shunted  with  resistors;  one  had  a 
mechanical  breaker  with  a solenoid; 
others  used  various  materials  which 
allowed  the  passage  of  the  surge  cur- 
rent, but  not  the  following  power 
current.  Such  materials  are  a ceramic 
material  like  a building  brick,  coated 
pellets,  coarse  carborundum  powder. 
Another  valve  device  operates  b}' 
drawing  a thin  arc  between  Rvo  close- 
ly spaced  deionizing  fibre  walls. 

For  higher  voltages,  an  early  ar- 
rester was  the  electrolytic  having  con- 
centric cones  of  aluminum,  separated 
by  a liquid  which  formed  a film  and 
required  daily  charging.  Fiber  dis- 
charge tubes  are  also  used,  suspended 
from  the  conductors.  Sky  wires  are 
another  method  of  protecting  high 
voltage  lines,  but  there  is  not  com- 
plete  agreement  on  their  use. 
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and  \\'here,  to  ground  has 
been  an  open  question  for  a long 
time.  The  general  idea  now,  is  to  con- 
nect all  non  current-carrying  conduct- 
ing material  together  and  to  a good 
ground.  However,  some  still  prefer 
not  to  have  the  cases  of  pole-type 
transformers  grounded.  There  is 
something  to  be  said  for  each  method, 
but  it  would  seem  better  to  have 
ecjuipment  at  known  ground  potential, 
rather  than  at  an  assumed  zero  po- 
tential to  adjacent  conductors  and  to 
nearby  grounded  objects. 

Fuses  and  Switching 

A simple  blade  switch  does  not  per- 
mit opening  a primary  circuit  under 
load,  its  use  is  generally  limited  to 
disconnecting  without  load,  often  in 
conjunction  with  a load  breaking  de- 
vice. For  higher  voltages,  there  are 
oil,  air  break  and  air  blast  breakers. 

For  primary  voltages,  there  has 
been  a continuous  development  of  de- 
vices for  fusing  and  disconnecting.  A 
porcelain  plug  in  a porcelain  recep- 
tacle in  an  iron  box  was  soon  replaced 
by  the  all-porcelain  plug  cutout,  a 
favorite  for  nearly  thirty  years.  Next 
came  the  box  cutouts  of  wood  and 
then  porcelain  containing  a fuse  tube 
of  fiber  or  similar  material  and  usual- 
ly attached  to  the  door.  With  heavier 
currents,  the  circuit  was  opened  by  a 
fuse  melting  in  a sealed  tube  of  car- 
bon tetrachloride.  Another  has  the 
fuse  immersed  in  oil.  Bayonet  types 
of  cutouts  have  the  fuse-holder  at- 
tached to  a porcelain  handle  and  the 
holder  is  inserted  in  a porcelain  body. 
For  higher  voltages,  there  are  the 
open-type  cutouts,  a switch  with  the 
fuse-holder  as  the  switch-blade. 

A common  method  of  opening  pri- 
mary circuits  under  load,  is  to  sever 
the  fuse  link  in  the  tube,  by  applica- 
tion of  a heavy  strain  on  the  end  of 
the  link. 

An  improvement  in  both  open  and 
closed  types  of  cutouts,  is  the  use  of 
the  fuse-link  to  hold  the  cartridge  in 
position.  Failure  of  the  fuse  allows 
the  hinged  cartridge  to  drop  down, 
removing  the  tube  from  the  circuit, 
without  possibility  of  tracking  and  also 
giving  a visual  indication  of  the  oper- 
ation. This  device  was  used  on  high- 
voltage  in  a station  about  1902,  but 
did  not  come  into  general  use  until 
over  25  years  later. 

A great  time  and  travel  saver  is  the 
automatic  oil  recloser,  which  opens 
and  recloses  automatically  three  times 
before  locking  out,  to  clear  the  many 
transient  faults  that  occur  on  a line. 

Underground 

Even  before  the  days  of  electric 
power,  there  was  a public  clamor  to 
place  the  multitude  of  telephone  and 


telegraph  wires  underground,  and 
Edison  started  off  on  this  basis.  How- 
ever, except  in  business  areas  where 
customers  are  close  together  and  the 
load  demand  is  high,  underground 
distribution  is  considerably  higher  in 
cost  than  equivalent  overhead  con- 
struction. Recently,  the  head  of  a 
large  electric  utility  estimated,  that 
if  all  the  electric  distribution  in  a 
suburban  municipality,  were  placed 
underground,  it  would  cost  each  cus- 
tomer $5  or  $6  more  each  month. 

In  1872,  a wire  with  paper  wrap- 
ping was  used  for  domestic  bell  sys- 
tems, but  it  was  not  patented  until 
1884.  The  telephone  people  made 
early  use  of  helically-wound  impreg- 
nated-paper insulation  with  an  ex- 
truded lead  covering.  Rubber  has 
been  on  a sound  basis  since  1880. 

hr  1882,  Edison  installed  his  buried 
system  described  earlier. 

1890  saw  the  installation  of  a 10  kv. 
cable  by  Ferranti  in  London.  At  first, 
the  concentric  cable  had  a wide  paper 
and  oil  wrapping  with  a lead-covering 
in  20  ft.  length.  As  it  was  too  stiff, 
a narrow  paper  was  used  and  the  cable 
was  still  in  operation  43  years  later. 

In  1895,  a 13  kv.  paper-insulated 
cable  was  installed,  and  in  1897  Buf- 
falo had  an  11  kv.  rubber  cable.  1900 
was  the  year  when  25  kv.  rubber  and 
paper  cables  were  installed  in  St. 
Paul  and  Minneapolis.  In  1902,  var- 
nished cambric  entered  the  picture  to 
a limited  extent.  For  low-voltage 
cables,  where  heat  is  a problem,  in- 
sulations of  asbestos  or  glass-fiber 
have  been  used. 

As  voltages  rose  in  the  1920’s,  low- 
pressure  oil-filled  cables,  with  paper 
insulation  and  hollow  cores  and  reser- 
voirs, were  placed  in  service.  In  1932, 
cables  with  200  lb.  pressure  were  in- 
stalled in  welded  steel  pipes  with 
fillings  of  nitrogen  in  England  and  oil 
in  U.S.  Now,  both  types  are  used  in 
America.  Voltages  now  exceed  300  kv. 
and  there  appears  to  be  no  ceiling. 

Until  recent  years,  cable  sheaths 
were  of  extruded  lead,  but  now  alter- 
natives of  aluminum  and  plastic  are 
available. 

While  European  practice  is  to  bury 
armored  cables  directly  in  the  earth, 
there  w'ere  so  many  failures  of  earlier 
cables,  that  a prejudice  against  direct 
burial,  has  persisted  here  to  this  day. 
Also,  perhaps,  in  a growing  country 
like  ours,  there  are  more  changes  to 
streets  and  buildings,  with  consequent 
disturbance  of  buried  utilities.  The 
draw-in  system  is  the  standard  for 
business  areas  of  North  America. 

In  Europe,  many  methods  were 
tried:  open  wires  on  insulators  in  a 
covered  trench;  troughs  of  wood  or 
tile  containing  the  cables  covered  with 


asphalt;  ducts  of  bituminous  material,  1 
the  walls  of  which  collapsed  and  ]| 
wooden  “pump  logs”  which  were  a 5 
fire  hazard.  In  Paris,  the  sewers  were  } u 
used  for  cables,  and  the  services  were  j i 
taken  up  the  building  sewer  pipes.  I . 

In  1889,  a conduit  company  was  T 
formed  in  New  York.  Single  clay-ducts  j ( 
were  built  in  1891,  followed  by  wood-  M 
fiber  pipes  in  1893  and  multiple  clay-  i 
ducts  in  1895.  Later,  ducts  were  I 
made  of  asbestos. 


Cable  ducts  have  been  constructed  | 
by  other  methods  than  with  some  J 
form  of  permanent  pipe.  One  method  I 
was  to  pack  stiff  concrete  around  a || 
machine  form,  which  was  inched  for-  {1 
ward  at  frequent  intervals,  compress-  || 
ing  the  mix  and  leaving  a continuous  | 
monolithic  structure  with  pipe-like  || 
holes.  In  another  system,  concrete  was  II 
poured  around  a heavy  rubber  hose  || 
filled  with  water  under  pressure.  |r[ 
When  the  concrete  had  set,  the  pres-  || 
.sure  was  released  and  the  contracted 
hose  withdrawn.  || 

In  Montreal,  most  of  the  wire-using  : i 
utilities  have  rented  space  in  a city-  |l 
owned  duct  system.  jf. 

On  heavily  loaded  duct  lines,  the 
thermal  conductivity  of  the  surround-  I 
ing  soil  is  often  a load  limiting  fac-  j 
tor.  In  times  of  extra  heavy  loads, 
flooding  the  ducts  with  water  has  in-  j 
creased  the  safe  capacity  of  the  cables. 

Memphis,  in  1907,  installed  the  first 
underground  low-voltage  A.C.  net- 
work, but  it  was  not  until  1921  that  j 
the  low  voltage  network  protector  was 
brought  out.  While  most  network 
transformers  and  equipment  are  in- 
stalled in  large  costly  underground 
vaults,  Detroit  has  90%  of  its  600 
installations  on  poles  in  rear  alleys. 

In  recent  years,  there  has  been  a 
great  deal  of  interest  in  underground 
distribution  in  residential  areas.  This 
is  not  a new  idea  as  it  was  used  to  a 
considerable  extent  with  the  old  Edi- 
son tube  system  and  Ontario  Hydro 
installed  some  150  miles  of  buried  pri-  | 
mary  distribution  in  rural  areas  in  | 

1922-23.  Subdividers  consider  it  an  j 

attractive  selling  point  to  have  all  the 
poles  off  the  street,  forgetting  that 
street  lighting  poles  must  remain  and 
that  most  of  the  homes  will  later  have 
unsightly  television  aerials.  Many  lose 
interest  when  they  find  that  they 
have  to  pay  the  difference  in  cost 
between  overhead  and  underground, 
the  latter  usually  running  two  to  three 
times  the  cost  of  the  former. 

Cables  are  generally  directly 
buried,  although  some  use  plastic 
water  pipe  for  protection.  Transform- 
ers are  now  generally  installed  in 
metal  kiosks  on  concrete  pads.  There 
is  a choice  of  running  services  direct- 
ly from  the  transformer  or  using  a 
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secondai)'  bus  and  pedestals.  The 
direct  feed  allows  for  future  load  in- 
creases, without  possibilit)'  of  having 
to  change  buried  conductors. 

^■oltage  Regulation 

Over  50  years  ago,  the  necessitv  of 
regulating  the  voltage  of  a feeder  at 
a distant  point  was  realized. 

For  A.C.,  the  automatic  induction 
feeder  regulator  was  designed  for  use 
in  substations.  The  control  mechan- 
ism was  adjusted  to  maintain  a con- 
stant voltage,  at  a distant  point,  the 
\'oltage  at  the  source  varying  auto- 
matically according  to  the  load.  Some 
vears  later,  this  equipment  became 
available  for  use  on  poles.  Then,  the 
automatic  step  regulator  was  sold  for 
pole  use,  for  both  single  and  three 
phase  circuits.  In  manv  cases  a regu- 
lator is  economical  only  as  a tempor- 
ary measure;  it  makes  up  for  the  lost 
voltage,  but,  lost  power  must  be  paid 
for,  the  correct  procedure  usually 
being  to  increase  the  conductor  size, 
or  to  use  a higher  primary  voltage. 

Shunt  capacitors  are  now  in  com- 
mon use,  particularly  in  areas  of  in- 
dustrial loads.  Some  are  connected  on 
the  whole  time,  while  others  are 
switched  according  to  time  or  to 
load. 

Metering 

As  soon  as  electric  power  was  sold, 
there  had  to  be  a way  of  measuring 
the  service.  At  first,  there  were  flat 
rates  such  as  $1  per  year,  for  each  16 
candlepower  lamp. 

Until  some  25  years  ago,  meters 
were  all  indoors  or  in  a weatherproof 
box.  The  case  was  of  thin  metal  or 
glass.  While  the  latter  was  the  stronger 
of  the  two,  it  appeared  to  be  fragile, 
and  consequently  more  care  was  taken 
to  avoid  damaging  it  by  both  install- 
ers and  customers.  For  some  years, 
the  majority  of  new  homes  have  had 
outdoor  meters,  usually  with  a plug- 
in base,  the  wiring  code  having  been 
amended  to  permit  the  main  service 
switch  on  the  load  side  of  the  meter. 
Advantages  are  prevention  of  theft 
and  ease  of  meter  reading,  an  import- 
ant factor,  now  that  so  many  house- 
wives are  away  working  in  the  day- 
time. 

Street  Lighting 

Early  street  lighting  systems  fed 
open  carbon-arc  lamps  on  a direct 
current  series  circuit  of  perhaps  2000 
volts.  A man  visited  each  lamp  daily 
and  replaced  the  carbons,  an  early 
installation  being  made  by  Brush  in 
Cleveland  in  1876.  The  D.C.  series 
circuits  continued  into  the  1920’s,  the 
open  arc  having  been  replaced  by 
the  enclosed  magnetite  arc.  There  are 
many  A.C.  series  circuits  today  in  the 


U.S.,  but  in  Canada,  they  are  fast  dis- 
appearing. Series  circuits  have  been 
used  with  4,  6.6,  7.5,  9.2  and  20  am- 
peres. Some  of  the  first  ones  were  9.2 
amperes,  but  now  6.6  seems  to  be  the 
standard,  with  a change  to  20  amperes 
at  the  pole  for  each  large  incandes- 
cent lamp. 

About  1900,  the  incandescent  series 
lamp  was  used,  and  10  years  later, 
the  multiple  for  street  lighting.  In  the 
late  1930’s,  sodium-vapour  lighting 
was  introduced,  with  mercury  avail- 
able for  intersections.  A few  years 
later,  mercury-vapor  luminaires,  with 
directional  control  of  light  output, 
became  popular,  followed  some  time 
later  bv  fluorescent. 

Both  incandescent  and  mercury- 
vapor  lighting  gives  considerable 
glare.  Fluorescent  has  a low  intrinsic 
brilliancy  with  resulting  ease  on  the 
eyes  but  the  luminaire  is  bulky. 

Series  circuits  were  generally  con- 
trolled from  the  station.  Multiple 
lighting  is  usually  fed  from  existing 
house  lighting  secondaries  through 
relays.  The  latter  were  first  controlled 
by  a simple  clock  switch,  then  by  an 
electrically  wound  clock  with  an  astro- 
nomical dial,  whereby  the  time  of 
operation  was  automatically  controlled 
according  to  the  season.  Next  was 
the  photo-electric  cell  controlling  the 
turning  on  of  the  lights,  according  to 
the  amount  of  daylight  remaining. 
Now  in  some  cases,  the  relays  and 
control  wires  have  been  eliminated, 
by  installing  an  individual  cell  on  top 
of  each  luminaire.  Relays  are  con- 
trolled by  a pilot  wire,  which  is  alive 
at  night  or  in  the  daytime,  the  latter 
merely  allowing  the  lights  to  come 
on  in  the  daytime  in  the  event  of  a 
failure  of  the  control. 

Accident  Prevention 

Perhaps  the  greatest  progress  in  the 
electric  power  industry,  despite  its 
tremendous  growth,  is  the  continued 
improvement  in  the  accident  record. 

We  have  rubber  gloves,  rubber 
sleeves,  rubber  covers  for  energized 
conductors,  hard  hats,  stick  operation, 
aerial  ladders,  bucket  trucks  and  train- 
ing, the  latter  the  most  important  and 
the  spot  where  more  progress  must  be 
made.  A piece  of  metal  or  other  ma- 
terial, can  easily  be  made  to  conform 
to  a desired  pattern,  but  not  so  a 
human  being.  He  must  be  constantly 
trained  and  retrained.  Alertness  is 
essential,  as  a moment  of  day-dream- 
ing can  be  fatal;  an  energied  conduc- 
tor looks  so  innocent  and  harmless. 

Prognostications 

If  one  describes  the  past,  surely  it 
is  his  privilege,  to  also  delve  into  the 
future.  Let  us  look  forward  to  1986. 

Poles  will  be  neater  in  appearance. 


with  few  crossarms,  the  single  pri- 
mary conductor  being  on  top  pin, 
with  neutral  below.  Three-phase  cir- 
cuits will  be  in  aerial  cable,  probably 
the  spacer  type.  For  the  most  part, 
the  poles  will  be  placed  in  the  rear 
of  the  buildings,  with  separate  steel 
or  concrete  standards  for  street  light- 
ing. The  power  poles  will  be  mostly 
of  wood,  with  full  length  preservative. 

Secondary  bus  on  the  poles  will 
largely  disappear,  if  even  half  the 
load,  optimistically  predicted  by  sales 
people,  materializes.  Any  secondary 
bus  will  consist  of  a spacer  cable,  with 
the  conductors  separated. 

In  many  places,  there  will  be  a 
transformer  on  each  pole,  starting  with 
one  on  each  third  pole  or  an  en- 
capsulated transformer  on  the  prem- 
ises of  each  customer  using  electric 
space  heating  entirely.  This  latter  will 
be  in  spite  of  the  diversity  factor 
present  with  secondary  bus.  If  ex- 
ternal, the  fuse  and  arrester  will  be 
attached  to  the  transformer  case 
bolted  directly  to  the  pole. 

Primary  voltages  will  be  higher, 
probably  in  the  25/14.4  kv.  class. 

With  the  increasing  use  of  240  volts 
for  major  appliances,  and  dual  voltage 
ratings  for  minor  ones,  many  services 
will  have  been  converted  to  240/ 
480  volts,  single-phase,  or  in  the  case 
of  a network  240/416  volts. 

In  areas  where  a few  homes  have 
a heavy  load,  and  others  only  light, 
a 240  volt  booster  wire  will  run  from 
an  extra  transformer,  so  'that  240/ 
480  or  120/240  volts  may  be  obtained 
as  required.  This  would  be  a tempor- 
ary measure  and  the  480  volt  system 
would  have  360  volts  to  ground. 

The  use  of  underground  distribu- 
tion will  increase  in  business  areas  and 
for  feeders  to  an  area.  More  cable 
will  be  directly  buried.  Many  network 
transformers  will  be  overhead. 

In  residential  areas,  there  will  be 
a lot  of  buried  distribution  where  the 
customer  is  willing  to  pay  the  extra 
cost,  or  a way  is  devised  for  painless- 
ly raising  the  extra  money. 

Perhaps  the  automatic  reading  of 
meters  will  be  in  use,  if  the  present 
estimates  of  the  cost  are  realistic. 

Streets  will  be  better  lighted,  using 
individual  photo-electric  controls. 
Luminaires  may  be  fluorescent,  par- 
ticularly if  the  manufacturer  can 
make  a rectangular  or  ro'and  light 
source,  instead  of  the  present  long 
tube.  Perhaps  the  cube  could  be  bent 
back  and  forth  to  form  a grid  or  the 
tube  shortened  and  flattened  to  spread 
the  light  sidewavs  in  the  luminaire. 
Such  an  arrangement  would  eliminate 
the  present  objection,  on  account  of 
the  bulk,  also,  it  would  be  easier  to 
control  the  light  output.  Ijç 
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POWER  IN  CANADA 


Design  Concepts 
of  the  Brozeou  Development 

Including 

River  and  Hydrology  Studies 


/.  L.  Reid,  m.e.i.c., 

Water  Resources  Branch,  Province  of  Alberta 

K.  G.  Brittain,  m.e.i.c., 

Montreal  Engineering  Company  Limited 


The  BRAZEAU  river,  one  of  the 
largest  tributaries  of  the  North 
Saskatchewan  River,  rises  on  the  east- 
ern slopes  of  the  Rocky  Mountains.  In 
common  with  the  other  rivers  of  the 
eastern  slopes  it  has  a relatively  high 
run-off  in  summer,  arising  from  gla- 
cier and  snow  melt,  and  a low  run-off 
during  the  winter.  As  a result,  a high 
degree  of  storage  regulation  is  re- 
quired to  produce  a dependable  run- 
off throughout  the  year.  For  this 
reason,  almost  all  hydro  power  pro- 
duction in  Alberta  has  been  confined 
to  the  Bow  River  where  large  volumes 
of  low-cost  storage  could  be  developed 
on  the  natural  lakes  at  the  head- 
waters. 

In  the  years  following  the  Second 
World  War  the  industrial  growth  of 
Alberta  created  a high  demand  for 
water  supply  and  power.  In  the  early 
I9.50s,  in  anticipation  of  a continued 
growth,  the  water  resources  section  of 
the  Provincial  Government  and  Cal- 
gary Power  Ltd.  initiated  joint  investi- 
gations of  the  upper  reach  of  the  North 


Saskatchewan  River  to  determine  the 
storage  and  power  prospects.  De- 
velopment of  storage  on  the  river 
would  serve  the  twofold  purpose  of 
alleviating  the  low  winter  flow  con- 


ditions which  would  become  more 
troublesome  with  industrial  growth 
at  downstream  points,  and  of  develop- 
ing a natural  resource  for  the  produc- 
tion of  hydro-electric  power. 


60 


THE  ENGINEERING  JOURNAL  OCTOBER,  1962 


7 


The  field  reconnaissance  iin  estiga- 
tions  indicated  five  sites  that  were 
I worth>’  of  more  detailed  stndv’.  These 
j are  shown  at  sites  one  to  five  on 
I Fig.  1.  The  preliminar>'  field  and 
• geologA'  reports  indicated  that  the 
; i Bighorn  site  was  the  most  attractive 
' for  storage  and  power  de\  elopment 
and  a comprehensive  investigation 
was  carried  out  here,  including  map- 
ping, drilling  and  materials  testing. 

^ Unfortunately,  immediate  develop- 
i ment  was  postponed  due  to  the  dis- 
covery of  a deep  gorge  in  the  river 
' section  infilled  with  gra\el.  The 
■ ; Bighorn  site  has  not  been  abandoned 
in  future  plans,  however,  and  may  be 
; built  at  a later  date.  Similar  unfavor- 
, : able  foundation  conditions  were  found 


at  Whirlpool  and  Gap  sites.  These 
adverse  findings  in  turn  removed  the 
Shunda  and  the  Ramparts  sites  from 
immediate  consideration  since  they 
are  both  dependent  on  upstream 
storage. 

After  failing  to  locate  a stor-age 
site  on  the  North  Saskatchewan  for 
early  construction,  attention  was 
turned  to  other  rivers,  including  the 
Brazeau.  The  Brazeau  had  been  in- 
vestigated for  power  as  early  as  1913; 
the  plan  being  to  provide  storage  at 
Brazeau  Lake  and  at  a site  about  four 
miles  above  Job  Creek  (Olympus,  Fig. 
1),  on  the  head  waters  of  the  river.  A 
power  site  was  suggested  near  the 
Thunder  Site  (Fig.  1)  which  could  be 
ultimately  developed  for  5 to  10,- 


000  kva.  generators.  Power  from 
this  development  was  to  be  trans- 
mitted to  Edmonton  and  Calgary,  a 
distance  of  some  260  miles.  This  was 
an  ambitious  scheme  for  that  time  as 
power  transmission  over  long  dist- 
ances was  not  common.  However, 
subsequent  investigations  in  1914 
revealed  a substantial  underflow  at 
the  outlet  of  Brazeau  Lake  precluding 
its  use  for  storage  and  the  project  was 
abandoned^.  No  further  serious  irower 
investigations  were  initiated  until  the 
early  1950s,  when  a promising  storage 
site  was  located  at  the  Big  Bend  of 
the  Brazeau  some  30  miles  upstream 
from  its  confluence  with  the  North 
Saskatchewan.  The  investigation  also 
disclosed  an  interesting  prospect  for 


Fig.  2.  Plan  and  Profile  of  the  Brazeau  Storage  and  Power  Development. 
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a povv'er  development  involving  a 10 
mile  power  canal  to  utilize  an  addi- 
tional 240  ft.  of  head  as  shown  in 
general  outline  on  Fig.  2. 

Early  in  1957,  Calgary  Power  Ltd. 
undertook  an  extensive  mapping  and 
drilling  program  to  permit  a more  ac- 
curate appraisal  of  the  combined  de- 
velopment of  storage  and  power  at 
the  Big  Bend  site.  This  appraisal 
revealed  that  the  initial  capital  cost 
would  be  so  high  as  to  require  defer- 
ment of  the  scheme  for  some  10  to  15 
\’ears  in  the  logical  program  of  the 
Company’s  expansion.  In  the  mean- 
time the  Company’s  requirements 
could  be  met  more  economically  by 
dev'eloping  smaller  increments  of 
hydro  capacity  on  the  Bow  River  for 
peaking  in  combination  with  e.xpan- 
sion  of  its  base  load  thermal  plant. 
On  learning  of  this  situation  the  Prov- 
ince of  Alberta  appointed  a Commit- 
tee to  study  the  Brazeau  scheme,  and 
as  a result  of  their  findings  the 
Province  and  the  Company  entered 
into  an  agreement  for  co-operative 
development  of  storage  on  the  Bra- 
zeau River.  So  that  stored  water  be 
made  available  with  all  reasonable 
dispatch  for  improvement  of  winter 
streamflow  on  the  North  Saskatche- 
wan, the  Province  undertook,  at  its 
e.xpense,  to  proceed  with  the  immedi- 
ate construction  of  the  initial  storage 
development  on  the  Brazeau;  while 
the  Company,  for  its  part,  undertook 
to  pay  for  the  storage  structures  as 
it  was  able  to  absorb  them  into  its 
system. 

The  Brazeau  Agreement  Between  the 
Province  and  Calgary  Power  Ltd.^ 

Under  the  terms  of  the  Brazeau 
Agreement  the  Province  will  pay  the 
cost  of  the  storage  project  if  it  is 
$14,546,000  or  less  but,  if  the  project 
cost  exceeds  this  amount,  the  excess 
cost  is  to  be  paid  by  the  power  Com- 
pany. Repayment  of  this  expenditure 
is  to  be  made  to  the  Province  by  the 
power  Company  either  (i)  after  the 
Company  has  completed  the  installa- 
tion of  aggregate  generating  capacity 
in  the  Big  Bend  Power  Development 


Fig.  3.  Diagram  showing  reservoir  ele- 
vations during  eonstruction  and  first  year 
of  power  operation. 


of  550,000  kwv,  or  (ii)  on  the  first  day 
of  October,  1980.  Until  repayment 
has  been  made,  the  Power  Company 
pays  a yearly  rental  for  the  initial 
storage  development  determined  by 
clauses  in  the  agreement. 

The  main  dam  was  constructed  in 
1961  and  135,000  acre  feet  of  water 
was  impounded  following  closure  on 
October  1 and  released  during  the 
winter  of  1961-1962.  The  conduit 
gates  were  opened  on  November  22 
and  between  this  time  and  mid-March 
the  combined  release  of  storage  and 
natural  flow  to  the  North  Saskatche- 
wan averaged  more  than  1,000  c.f.s. 
In  subsecjuent  winters  300,000  acre 
feet  will  be  available,  increasing  the 
\vinter  flow  in  the  North  Saskatche- 
wan by  over  1,200  c.f.s.  Provision  has 
been  made  in  the  construction  of  the 
dam  for  an  ultimate  extension  to 
930,000  acre  feet  of  storage  capacity. 
A diagram  rejaresenting  the  storage 
operation  after  completion  of  the 
initial  stage  of  the  dam  is  shown  in 
Fig.  3. 

In  the  meantime,  the  Company  is 
proceeding  with  construction  of  the 
power  phase  of  the  project,  which  is 
known  as  the  Big  Bend  Power  De- 
velopment. As  shown  on  Fig.  2 water 
will  be  released  from  the  reservoir 
through  pump  turbines  and  conveyed 
through  a canal  (perhaps  more  accur- 
ately described  as  an  artificial  lake) 
to  the  powerhouse  some  10  miles 
downstream.  From  the  canal,  steel 
penstocks  lead  the  water  to  the 
hydraulic  turbines  which  operate 
under  a gross  head  of  390  ft.  One  unit 
of  150,000  kw.  is  to  be  installed 
initially,  with  provision  being  made 
for  four  or  more  similar  units. 

The  Calgary  Power  Ltd.  System 

The  Big  Bend  Power  Development 
will  form  part  of  the  Calgary  Power 
Ltd.  generation  system,  which  at  pres- 
ent supplies  about  two-thirds  of  the 
power  produced  in  Alberta.  The  in- 
stalled capacity  of  the  system  is  489 
Mw.  of  which  320  Mw.  is  produced 
by  11  hydro  plants  on  the  Bow  River 
and  its  tributaries. 

Because  of  the  low  fuel  cost,  power 
from  the  steam  plants  is  used  in  the 
base  load  with  the  Bow  River  hydro 
energy  up-graded  to  take  the  peaks. ^ 
Relatively  little  energy  is  required  to 
support  the  hydro  capacity  used  in 
tlie  peak;  and,  in  fact,  with  the  con- 
tinued attenuation  of  the  peak  ac- 
companying system  growth  a given 
amount  of  energy  will  support  an 
even  larger  capacity  as  time  passes. 
Within  the  past  10  years  134  Mw  of 
inexpensive  peaking  capacity  have 
been  installed  in  extensions  to  five  of 


the  existing  Bow  River  plants  to  !, 
plant  the  annual  plant  factor  is  now 
facilitate  this  type  of  loading.  At  one 
only  16%,  and  it  seems  probable  that 
plants  operating  at  annual  plant  fac- 
tors of  only  5%  or  10%  may  be  de- 
veloped where  site  conditions  are  ! . 
favorable.  j 

The  Big  Bend  Power  Development  ! 
has  a head  of  390  ft.  and  requires  i 
short  penstocks  between  the  canal  and  I 
powerhouse  only,  so  that  it  is  admir-  ' 
ably  suited  for  the  installation  of 
additional  peaking  units.  The  esti-  | 
mated  cost  of  installing  added  units  !; 
at  the  site  is  about  $60  per  kw.  com- 
pared with  the  cost  of  coal  fired  ' 
steam  capacity  at  about  $125  per  kw. 

The  maximum  system  peak  require-  | 
ments  occur  in  the  cold  winter  |i 
months  when  the  natural  stream  flow  j' 
is  the  lowest.  Brazeau  must,  therefore, 
have  a large  storage  reservoir  and  the  i 
combined  cost  of  storage  and  capacity  j 
to  meet  a given  portion  of  the  load  1' 
demand  must  be  less  than  that  of  an 
equivalent  supply  from  other  sources,  j 
To  meet  its  ultimate  peak  function 
the  total  storage  proposed  for  Brazeau  | 
will  be  about  80%  of  the  total  average  | 
annual  run-off,  thus  enabling  most  of  | 
the  power  from  the  site  to  be  pro-  | 
duced  in  the  winter  months.  Use  of 
the  Brazeau  storage  energy  in  the 
system  peak  is  illustrated  in  Fig.  4 | 

for  a typical  winter  week.  I 

It  is  estimated  that  the  initial  stor-  f 
age  at  Brazeau  is  sufficient  for  three  j 
or  four  units  of  150  Mw.  each.  When  j 
additional  storage  is  required  it  may  ( 
be  provided  either  at  the  Brazeau 
Storage  Development  or  at  sites  up-  I 
stream.  i 

Upstream  Sites  j 

In  1960  extensive  mapping  of  the  | 
upper  Brazeau  River  was  prepared 
from  aerial  photographs.  Ten  pros-  j 

pective  sites  have  been  investigated  j 

and  are  shown  on  the  map  of  Fig.  1 ; 


Fig.  4.  Typical  weekly  load  curve. 
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J and  the  ri\  er  profile  of  Fig.  5.  The 
Î total  fall  of  the  ri\’er  from  the  Olym- 
i pus  Site  to  the  Brazeau  Reservoir  is 
' i 2510  ft.  The  preliminary  investiga- 
ij  tions  indicate  that  about  2100  ft.  of 
1 i the  total  is  feasible  for  development. 
).  The  two  upstream  sites,  Olympus  and 
Izaak,  are  primarily  storage  sites 
where  a total  of  510,000  acre  feet  of 
water  could  be  stored  for  release  dur- 
ing the  winter  season.  In  addition, 
75,000  acre  feet  could  be  stored  at 
the  intermediate  power  sites.  These 
investigations  have  ascertained  that 
1500  million  kwh.  would  be  available 
annually  from  the  Brazeau  River 
System  when  fully  developed.  The 
ultimate  installed  capacity  for  the 
river  is  estimated  to  be  four  million 
hp.  if  fully  developed  for  peaking 
purposes.  The  latter  would  depend  on 
future  developments  of  power  in 
Alberta,  such  as  other  hydro  sources, 
atomic  energy  or  provincial  inter- 
connections. 

Description  of  Brazeau  Drainage  Basin 
The  Brazeau  River  rises  in  the 
eastern  slopes  of  the  Rocky  Mountains 
and  flows  north  and  east  for  some 
200  miles  before  discharging  into  the 
North  Saskatchewan  River  (Figs.  1 
and  5).  The  upper  river  basin  is 
dominated  by  precipitous  mountains, 
from  which  the  river  escapes  in  the 
vicinity  of  Cardinal  Site.  However, 
the  river  continues  to  flow  through 
a 100  ft.  to  200  ft.  deep  canyon  to 
the  Frontal  Site,  with  its  adjoining 
drainage  basin  heavily  wooded  with 
frequent  muskeg  and  perched  ground 
water  areas.  Vehicular  access  to  this 
area,  as  yet,  is  limited  to  the  Nordegg- 
Edson  forestry  road,  crossing  the 
Brazeau  at  the  Cardinal  Site.  Down- 
stream from  the  Frontal  Site  the  river 
gradient  is  flatter  and  the  banks  fall 
away.  With  the  exception  of  a possible 
site  at  Elk,  no  suitable  power  sites 
exist  imtil  the  Brazeau  Dam  Site  is 
reached,  where  the  river  again  enters 
a canyon.  The  basin  adjoining  this 
reach  of  the  river  is  rolling  and 
wooded,  with  extensive  muskegs,  the 
latter  difficult  to  traverse.  Rock  out- 
crops are  found  along  most  of  the 
river.  The  formations  progressively 
change  from  hard  limestone  and 
sandstone  in  the  upper  river  to  softer 
sandstones  and  shales  in  the  lower 
reaches. 

Although  considerable  exploration 
has  been  carried  out  in  the  Brazeau 
area  for  coal  and  more  recently,  oil, 
there  has  been  no  economic  develop- 
ment except  for  small  lumbering 
operations.  The  remoteness  of  the 
area  and  the  difficulty  of  travel  with- 
in it,  have  no  doubt  hampered  the 
establishment  of  permanent  habita- 


tion. In  this  respect,  it  is  interesting 
to  note  the  following  quotation  from 
“Indians  of  Canada”  written  by  Dr. 
Diamond  Jenness,  the  eminent  Cana- 
dian Anthropologist: 

“When  the  Dominion  Nvas  dis- 
covered, its  inhabitants,  if  we  may 
trust  one  of  our  foremost  authori- 
ties, (J.  Mooney:  ‘Aboriginal  Popu- 
lation of  America’),  numbered  only 
about  220,000;  yet  they  roamed 
over  all  the  territory  from  the 
Atlantic  to  the  Pacific,  and  from 
the  Great  Lakes  to  the  Arctic  Coast. 
There  was  only  one  section  of  the 
country  (apart  from  the  mountain 
peaks  and  some  islands  in  the 
Arctic  Archipelago)  to  which  per- 
haps no  tribe  laid  claim,  namely, 
a tract  of  a few  hundred  square 
miles  in  the  foothills  of  the  Rocky 
Mountains  between  the  headwaters 
of  the  Saskatchewan  and  Athabasca 
Rivers.” 

Hydrologic  Investigations 

The  inaccessibility  of  the  river  pre- 
vented the  establishment  of  continu- 
ous flow  measurements  until  April, 
1957.  During  the  summer  of  1959, 
when  the  investigations  were  being 
made,  records  for  only  two  complete 
summers  were  available,  along  with 
spot  measurements  during  the  winter 
months  of  November  to  April.  These 
records  were  correlated  with  those 
of  other  rivers  in  Alberta,  on  a weekly 
and  total  inflow  basis  during  the 
reservoir  filling  and  drawdown 
periods.  However,  the  record  was 
so  short  that  correlation  results  alone 
were  not  considered  adequate,  and  a 
detailed  comparison  was  made  of 
drainage  area  characteristics  such  as, 
proximity  to  the  Brazeau  River,  the 
relative  elevations,  the  proportion  of 
glacier,  mountain,  foothill  and  prairie 
drainage,  and  river  slopes.  In  the 
final  analysis,  the  comparisons  were 
limited  to  those  rivers  where  adequate 
water  records  were  available,  as  there 
is  little  value  in  a comparison  of  two 
rivers  with  only  a few  records  on 
each. 


Of  all  the  rivers  available  for  study 
the  North  Saskatchewan  River  at 
Rocky  Mountain  House  (referred  to 
hereafter  as  R.M.H.)  was  found  to  be 
the  most  comparable  to  the  Brazeau 
at  Big  Bend.  Measurements  at  R.M.H. 
began  in  1913,  but  there  are  several 
years  where  flow  data  are  missing  and 
others  when  only  open  water  records 
are  available.  The  downstream  sta- 
tion, Edmonton,  has  a complete 
record,  however,  and  a comparison 
between  the  stations  showed  that  a 
long  term  correlation  exists.  By  in- 
ference, it  seemed  clear  that  a similar 
correlation  should  be  possible  between 
Edmonton  and  the  Brazeau  River,  in 
spite  of  somewhat  dissimilar  drainage 
areas,  as  the  latter  contributes  the 
largest  single  increment  of  flow  to  the 
river  between  Rocky  Mouirtain  House 
and  Edmonton.  The  correlation  be- 
tween recorded  Brazeau  and  Edmon- 
ton flows  is  also  fairly  good  so  that 
it  was  possible  to  prepare  a 43-year 
record  for  the  Brazeau  River  by  using 
two  stations  on  the  North  Saskatche- 
wan River.  The  computed  flows  were 
used  to  determine  possible  storage 
volumes,  corresponding  dam  height 
requirements  and  energy  production. 
Total  inflow  for  the  reservoir  filling 
and  drawdown  periods  were  sufficient 
for  preliminary  power  output  calcu- 
lations as  the  large  reservoir  gives  a 
high  degree  of  regulation.  The  annual 
run-off  at  Big  Bend  is  estimated  to 
range  from  940,000  to  2.7  million 
acre  feet  with  an  average  of  about 
1.3  million  acre  feet.  Rainfall  analysis 
for  run-off  computations  was  not 
attempted  since  suitable  records  are 
not  available  in  the  upper  basin. 

Historical  Floods 

No  hydrometric  measurements  for 
major  floods  are  available  for  the 
main  stem  of  the  Brazeau.  The  four 
years  for  which  records  are  now  avail- 
able all  had  low  floods.  In  1915,  flood 
peaks  were  estimated  on  some  of  the 
tributaries  by  O.  H.  Hoover,  of  the 
Department  of  the  Interior.  A tabu- 
lation of  these  and  other  major  floods 
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Fig.  6.  Flood  Probability  Curve,  North 
Saskatchewan  River  at  Rocky  Mountain 
House. 

on  neighboring  rivers  is  shown  on 
Table  1.  The  1915  flood  is  the  largest 
flood  that  has  been  recorded  on  the 
North  Saskatchewan  at  either  the 
R.M.H.  or  the  Edmonton  station.  The 
maximum  mean  daily  flow  in  1915 
at  R.M.H.  was  130,000  c.f.s.  and 
dwarfs  the  second  highest  recorded 
flood  of  some  56,000  c.f.s.  in  1952. 


it  is  fairly  certain  that  the  1915  flood 
is  the  largest  flood  in  the  last  100 
years  oir  the  North  Saskatchewan 
River.  In  fact,  a flood  frequency  study 
such  as  that  shown  in  Fig.  6 for  the 
R.M.H.  station  suggests  that  the  1915 
flood  might  even  be  equivalent  to  a 
1 in  10,000  year  flood.  The  position 
of  the  1915  flood  with  respect  to  the 
best  fit  line  through  all  of  the  other 
recorded  floods  since  1913  on  this 
plot  illustrates  (as  other  authors  have 
stated)  the  limitations  of  probability 
curves.  However,  the  unusual  nature 
of  the  1915  flood  is  clearly  demon- 
strated and  there  can  be  little  doubt 
that  it  is  representative  of  a much 
longer  time  than  the  actual  period  of 
record.  The  probability  curve  also 
gives  an  indication  of  the  probability 
of  lesser  floods  which  are  assumed  for 
design  during  construction. 


TABLE  1 

Run-off 

Drainage  Recorded  Intensity  Year 

Area  Sq.  Peak  Flow  C.F.S.  per  of 

River  Miles  C.F.S.  Sq.  Mile  Flood  Remarks 


to  Brazeau,  and  draining  from  the  ;i 
eastern  slopes,  it  has  been  concluded  1 
that  snow  melt  plays  a minor  role  in 
major  flooding.  From  accounts  of  the 
floods  in  1915,^’  ^ rainfall  is  judged 
to  be  the  chief  cause  of  the  flood. 
Snow  melt  may  have  contributed  to 
a saturated  drainage  basin  condition  j 
resulting  in  a high  rate  of  run-off  j 
when  the  rainfall  occurred.  The  Aug-  ; 
ust,  1899,  flood  on  the  North  Sas- 
katchewan River  was  in  no  way  J 
affected  by  snow  melt.  Discharge  re-  | 
cords  for  the  high  mountain  streams,  ( 
similar  to  the  headwaters  of  the  North  1 ! 
Saskatchewan  at  Brazeau,  show  no  j i 
flood  even  approaching  the  intensity 
of  the  1915  flood.  Prominent  among  j j 
the  reasons  for  this  apparent  lack  of  ij 
flooding  are:  precipitation  at  the  h 
higher  elevations  is  apt  to  fall  as  |i! 
snow;  if  rain  does  occur  the  snow 
pack  absorbs  it  and  thus  retards  the 
run-off;  and  the  temperature  changes  j i 
in  the  higher  altitudes  are  likely  to  | ; 
be  more  moderate  than  at  lower  'j 
elevations.  i 


1.  Southesk 176 

2.  Blackstone 320 

3.  Brown 80 

4.  Chungo 77 

5.  North  Saskatchewan  at 

Rocky  Mountain  House. . 4,220 

6.  North  Saskatchewan  at 

Edmonton 10,500 


7.  Clearwater 1,210 

8.  Elbow 460 

9.  Bow  at  Calgary 3,136 

10.  Bow  at  Banff 852 

11.  Old  Man  at  Cowley 730 

12.  MacLeod  at  Edson 2,100 

13.  Brazeau  at  Big  Bend.  . . . 2,138 


(i)  Estimated  from  slope-area  measure: 

(ii)  As  estimated,  see  text. 
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(ii) 

made  after  flood  passage. 


The  second  largest  flood  at  Edmon- 
ton occurred  in  August,  1899,  when 
the  stage  reached  a peak  of  about 
192,000  c.f.s.  as  compared  to  the 
1915  peak  of  204,000  c.f.s.  The  1899 
flood  is  described  briefly  in  the 
Government  Hydrometric  Report  of 
1915,  and  in  the  newspapers  of  the 
period. 

Anotlier  large  flood  is  said  to  have 
occurred  in  August,  1900,  on  the 
North  Saskatchewan.  Curiously,  in- 
formation regarding  this  flood  is  even 
more  scarce  than  for  the  1899  flood. 
The  available  information  indicates 
that  the  river  at  Edmonton  may  have 
reached  a peak  of  about  166,000 
c.f.s.  There  are  also  a few  references 
to  high  water  levels  prior  to  1899  but 
these  have  been  attributed  to  ice 
backwater  conditions.  The  most  not- 
able flood  stage  of  recent  years  oc- 
curred in  August,  1954.  Although  not 
as  large  as  the  summer  floods  of  1899 
and  1900  it  was  nevertheless  an  un- 
usually high  flood  for  August. 

As  a result  of  these  investigations 


As  a check  on  the  relative  sizes  of 
floods  of  rivers  in  Alberta  draining 
easterly  from  the  Rocky  Mountains, 
the  maximum  recorded  floods  were 
plotted  as  shown  on  Fig.  7.  The 
enveloping  curve  through  the  1915 
floods  at  R.M.H.  and  Edmonton  is 
above  all  other  recorded  floods. 

A flood  of  112,000  c.f.s.  as  derived 
from  the  1915  flood  at  Rocky  Moun- 
tain House,  was  assumed  as  the  nor- 
mal design  flood  for  the  Brazeau 
Storage  Development.  It  should  be 
noted  that  this  assumed  1915  type 
flood  is  probably  much  greater  than 
that  which  actually  occurred  on  the 
Brazeau  in  1915.  Although  a direct 
comparison  is  not  possible  because 
of  the  channel  storage  at  high  flood 
stages,  a comparison  of  the  recorded 
floods  on  the  North  Saskatchewan 
shows  that  the  Brazeau  flood  in  1915 
was  probably  less  than  90,000  c.f.s. 

Cause  of  Large  Floods 

As  a result  of  the  extensive  study 
of  floods  on  the  rivers  comparable 


Maximum  Probable  Flood 

It  is  common  practice  to  design 
dam  and  reservoir  structures  for  a 
flood  in  excess  of  any  that  has  been 
recorded  on  the  stream  itself  or  on 
some  other  river  nearby.  The  methods 
used  to  estimate  such  a flood  usually 
employ  the  principle  of  combining 
all  conceivable  worst  conditions.  The 
resulting  flood  may  then  be  termed 
the  maximum  probable  flood.  While 
the  principle  is  fairly  straight-forward 
the  worst  conditions  to  be  used  are 
debatable.  It  is  here  that  the  designer 
must  draw  a balance  between  being 
ultra-conservative,  usually  at  greatly 
increased  costs,  or  taking  some  degree 
of  calculated  risk,  thus  reducing  the 
costs.  This  practice  should  vary  with 
the  size  and  importance  of  the  struc- 
ture. For  large  earth  dams  a small 
degree  of  risk  with  increased  costs 
is  usually  justified  on  the  basis  of 
safety  of  the  dam  and  downstream 
property. 

The  Maximum  Probable  Flood  was 
estimated  by  analysis  of  historic 
storms  and  flood  hydrographs.  Rain- 
fall volumes  were  determined  from 


Fig.  7.  Enveloping  curve  of  maximum 
recorded  floods. 
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isohyetal  maps  prepared  for  several 
severe  storms  in  Alberta  east  of  the 
Rocky  Mountains.  Where  possible, 
floods  associated  with  these  rainfalls 
were  studied  to  determine  ratios  of 
rainfall  to  flood  run-off.  At  the  same 
time,  these  and  other  flood  hydro- 
graphs were  examined  and  an  esti- 
mate made  of  ground  water  and  sub- 
surface flows,  normal  recession  curves, 
and  peak-volume  ratios  after  deduc- 
tion of  the  base  flows.  The  hydro- 
graph of  the  largest  flood  on  record, 
1915,  was  analyzed  but  no  direct 
comparison  could  be  made  with  rain- 
fall since  the  existing  meteorological 
information  was  inadequate. 

These  comparisons  of  hydrographs 
and  rainfalls,  although  approximate, 
were  judged  suitable  for  use  in  esti- 
mating a hypothetical  flood  on  the 
Brazeau.  The  date  and  shape  of  the 
most  severe  recorded  storm  was  later 
substantially  confirmed  by  studies 
made  by  the  Meteorological  Branch 
of  the  Department  of  Transport, 
Toronto.® 

This  selected  storm  was  transposed 
a distance  of  about  35  miles  perpen- 
dicular to  the  Rockies  and  towards 
the  Brazeau  drainage  area  in  such  a 
way  that  the  isohyetals  were  not  de- 
formed appreciably  and  so  that  no 
more  than  3 in.  of  rainfall  occurred 
on  the  highest  regions.  The  result  of 
this  transposition  is  shown  on  the  iso- 
hyetal map.  Fig  8.  It  was  arbitrarily 
assumed  that  the  basin  was  heavily 
saturated  from  previous  rains  and  that 


90%  of  the  rainfall  would  run  off.  A 
flood  peak  of  150,000  c.f.s.  was  ob- 
tained from  this  analysis  and  has  been 
termed  the  Maximum  Probable  Flood. 

Flood  Routing 

The  large  reservoir  provided  by  the 
Brazeau  storage  dam,  and  the  fact 
that  the  water  level  would  be  below 
full  supply  level  when  the  floods  are 
likely  to  occur,  immediately  suggested 
that  considerable  savings  could  be 
realized  by  using  the  reservoir  storage 
(flood  routing)  to  reduce  the  size  of 
the  flood  to  be  passed  through  the 
spillways.  More  emphasis  was  placed 
on  this  aspect  when  site  conditions 
revealed  that  a large  spillway  would 
be  extremely  costly,  particularly  as 
the  initial  dam  is  built  to  elevation 
3175,  with  good  prospects  of  a future 
raise  to  elevation  3210. 

A flood  routing  scheme  was  there- 
fore developed  for  the  Brazeau  Re- 
servoir on  the  basis  of  its  future 
operation  and  adapted  to  the  needs 
of  the  initial  development.  The  chief 
requirements  are  to  ensure  reservoir 
filling,  and  to  utilize  the  reservoir 
volume  to  contain  large  floods.  For 
this  purpose,  it  was  necessary  to  de- 
termine the  distribution  of  flow 
throughout  the  filling  period  and  cal- 
culate reservoir  filling  curves  both 
during  and  after  construction  of  the 
dam.  For  this  study  the  R.M.H.  sta- 
tion was  again  used.  It  was  found  that 
the  Brazeau  unit  run-off  was  generally 
higher  than  that  at  R.M.H.  in  early 


summer,  but  tapered  off  more  quickly 
towards  fall.  This  phenomenon  is 
judged  to  be  the  result  of  a larger 
proportion  of  permanent  glacier  on 
the  North  Saskatchewan  drainage 
area.  A long  term  record  of  weekly 
flows  at  Brazeau  was  derived  by 
using  the  ratio  of  cumulative  weekly 
flows  on  the  two  rivers  as  obtained 
from  the  filling  seasons  1957  and 
1958.  Curves  representing  these  cal- 
culated ratios  are  shown  on  Fig.  9, 
together  with  the  curve  adopted  for 
use.  It  is  anticipated  that  there  may 
be  considerable  divergence  from  this 
curve  in  any  given  year,  particularly 
when  considering  short  periods.  The 
ratios  of  unit  flows  for  the  filling 
periods  1959  and  1960  are  also  shown 
on  Fig.  9.  These  suggest  that  the 
initial  curve  developed  from  1957  and 
1958  flows  may  be  conservative,  and 
that  adjustments  may  be  necessary 
when  more  data  becomes  available. 

The  minimum  years,  as  derived  for 
Brazeau  from  the  R.M.H.  flows,  form 
the  basis  of  the  reservoir  filling  curves 
shown  on  Fig.  10,  and  these  together 
with  the  spillway  facilities  form  the 
basis  of  future  reservoir  operation. 

The  curves  are  calculated  to  ensure 
filling  of  the  reservoir  in  all  years, 
barring  the  occurrence  of  a more 
severe  drought  than  yet  experienced. 
A comparative  study  of  flood  vol- 
umes, similar  to  that  made  for  flood 
peaks  (Fig.  7)  showed  a correspond- 
ing exponential  variation  with  drain- 
age area.  This  relationship  was  used 
to  estimate  the  flood  hydrograph 
shown  on  Fig.  11  for  the  1915  normal 
design  flood.  It  is  believed  that  this 
method  of  estimating  flood  volumes  is 
conservative  when  records  from  a 
large  drainage  area  are  used  to  esti- 
mate the  flood  on  a smaller  drainage 
area,  since  the  base  length  of  the 
hydrograph  remains  basically  un- 
changed. The  normal  design  flood 
was  assumed  to  occur  at  anytime  dur- 
ing June  or  July.  During  these  months 


Fig.  9.  Run-off  distribution  comparison. 
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Fig.  10.  Reservoir  operating  rule  curves 
for  use  after  power  is  installed. 

the  reservoir  would  be  held  low  to 
provide  sufficient  flood  storage  to 
reduce  the  flood  inflow  of  112,000 
c.f.s.  to  43,500  c.f.s.  outflow  from  the 
spilling  facilities. 

As  the  reservoir  fills  during  the 
summer,  the  flood-routing  capability 
is  reduced  and  particular  attention 
was  therefore  given  to  floods  that 
might  occur  in  August  and  Septem- 
ber. The  1899  flood  is  the  second 
largest  flood  known  to  have  occurred 
on  the  North  Saskatchewan  River, 
and  is  the  largest  flood  known  to  have 
occurred  in  the  late  summer.  The 
1915  Hydrometric  Report  indicates 
a flood  peak  of  180,000  c.f.s.  at 
Edmonton.  Additional  information 
about  this  flood  was  obtained  from 
files  of  the  Edmonton  Journal  in  the 
Archives  in  Ottawa.  In  particular  the 
issue  of  October  12,  1899,  contained 
e.xtracts  from  the  diary  of  J.  Stewart, 
a Dominion  Bridge  Engineer,  who 
had  recorded  the  water  levels  in  rela- 
tion to  the  piers  of  the  Low  Level 
Bridge  which  was  being  built  at  that 
time.  Using  these  elevations  as  a 
guide  a flood  hydrograph  was  pre- 
pared showing  a peak  discharge 
estimated  at  192,000  c.f.s.  The  flood 
was  remarkable,  not  only  because  of 
its  peak  of  192,000  c.f.s.,  but  because 
it  was  followed  by  three  smaller 
stages  estimated  at  107,000,  98,000 
and  74,000  c.f.s.  respectively.  The 
stage  began  rising  on  August  16  and 
finally  .subsided  on  September  2.  The 
1899  type  flood  as  estimated  for 
Brazeau  is  .shown  on  Fig.  11.  Smaller 
floods  con  occur  at  later  dates  but  do 
not  cojitrol  the  design  since  the  spill- 
ing facilities  provided  are  ample  with- 
out flood  routing. 

The  maximum  probable  flood 
hydrograph  as  found  from  the  rainfall 
analysis,  and  shown  on  Fig.  11,  was 
assumed  to  be  possible  in  the  months 
of  June  or  July.  A comparison  of 
thnse  three  floods  is  shown  on  Table 
2 with  the  corresponding  maximum 
reservoir  elevations,  assuming  flood 
routing  in  each  case. 


TABLE  2 

Comparison  of  Floods 

3 Day 

Flood 

Volume  Peak  Max  Res. 
Flood  Ac.  Ft.  C.  F.S  Elevation 

Normal  Design  467,000  112,000  3164 

Max.  Probable  500,000  150,000  3167 

Late  Summer  453,000  110,000  3167 

Spilling  Facilities 

Spilling  from  the  reservoir  is  ac- 
complished through  the  pumphouse 
and  by  two  concrete  conduits  under 
the  main  dam.  The  latter  are  gate- 
controlled  conduits  with  a capacity  of 
38,500  c.f.s.  The  pumphouse  (Fig.  2) 
is  designed  to  pass  a maximum  of 
26,000  c.f.s.  into  the  canal,  from 
which  water  can  be  discharged 
through  the  Big  Bend  turbines  and 
a side  exit  spillway. 

Design  Flood  During  Construction 
The  1952  flood  on  the  North  Sas- 
katchewan River  at  R.M.H.  was  used 
as  a pattern  for  the  construction  flood 
at  Brazeau.  This  is  the  second  highest 
flood  on  record  at  R.M.H.,  and  is 
indicated  by  the  flood  frequency 
curve.  Fig.  7,  to  have  a frequency 
of  about  1 in  30.  However,  based  on 
comparisons  with  floods  on  other 
rivers,  the  frequency  curve  for  the 
North  Saskatchewan  at  Edmonton 
and  rainfall  analysis,  it  was  considered 
to  have  a frequency  of  occurrence  of 
1 in  20  years.  The  corresponding 
flood  on  the  Brazeau  was  calculated 
to  have  a maximum  mean  daily  flow 
of  43,500  c.f.s. 

During  construction  of  the  main 
dam  the  river  was  diverted  through 
two  concrete  conduits.  The  coffer- 
dams and  diversion  conduits  were  de- 
signed for  flood  routing  the  1952 
flood  with  a maximum  conduit  dis- 
charge of  about  27,000  c.f.s. 

Reservoir  Operation 

As  previously  pointed  out,  the  re- 
servoir will  be  operated  as  shown  by 


Fig.  11.  Flood  hydrographs. 


the  rule  curves  on  Fig.  10.  These 
curves  are  the  result  of  a trial  and 
error  balance  between  reservoir  capac- 
ity, spilling  facilities  and  operating 
requirements. 

During  the  summer  months  of  May, 
June  and  July  the  reservoir  will  be 
held  at  low  level  to  provide  adequate 
room  for  any  large  flood  that  might 
occur.  The  inflow  will  be  normally 
by-passed  by  the  pump-turbines  to 
the  eanal  and  thence  through  the 
powerhouse.  Inflow  in  excess  of  the 
pumping  capacity  will  be  by-passed 
through  the  conduits.  The  filling 
curve  will  be  followed  as  closely  as 
possible  so  that  there  will  be  no 
danger  of  the  water  level  exceeding 
elevation  3164  with  a normal  design 
flood,  or  in  the  case  of  the  extreme 
flood,  elevation  3167.  Drawdown 
during  the  winter  will  follow  the 
general  pattern  shown  by  the  curve 
on  Fig.  10,  which  is  based  on  the 
storage  and  load  requirements  in  a 
typical  winter. 

Summary 

The  Brazeau  Storage  and  Power 
Development  will  serve  three  main 
purposes: 

1.  Storage  releases  during  the  win- 
ter will  increase  the  flow  in  the 
North  Saskatchewan  River  both 
before  and  after  power  is  de- 
veloped. 

2.  It  will  provide  peak  capacity 
and  energy  for  the  power  needs 
of  the  Province. 

3.  Flood  peaks  originating  on  the 
Brazeau  will  be  materially  re- 
duced by  the  storage  in  the 
reservoir. 
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How  to  specify  roll-forged  flanges  without 
really  trying  (and  get  ’em  within  14  days) 


Our  new  ordering  kit  provides  you  with  a con- 
venient, fool-proof  way  to  specify  any  flange  you 
need.  Flanges  are  available  in  straight  carbon, 
alloy  ferritic  steels,  and  many  austenitic  steels.  All 
are  made  according  to  strict  ASTM  specifications. 
Best  of  all,  we  ship  any  flange  you  need  up  to  80" 


diameter  and  10"  face  within  14  days  from  the  time 
you  order  . . . only  Canforge  makes  them  in 
Canada.  Not  only  save  time  but  also  duty  and  ex- 
change. We’ll  be  glad  to  send  you  an  ordering  kit. 
Your  request  for  it,  quotations,  or  more  informa- 
tion, will  receive  our  immediate  attention.  Write: 


CANADA  FOUNDRIES  & FORGINGS 


L. 
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Discussion 


75  YEARS  OF  STRUCTURAL 
STEEL 

W.  C.  Kimball, 

Assistant  Chief  Metallurgist, 

The  Algoma  Steel  Corporation 
Limited. 

The  Engineering  Journal,  September, 
1962.  page  35 

Discussion  by  R.  S.  Eadie 

Vice-President  and  Director  of 
Engineering,  Dominion  Bridge  Com- 
pany Limited,  Montreal; 

I read  Mr.  Kimball's  paper  with  much 
interest  and  congratulate  him  on  the  splen- 
did summary  he  has  presented  on  the 
development  of  steel  manufactured  over 
the  last  seventy-five  years. 

In  discussing  the  paper,  I am  approach- 
ing the  subject  from  the  position  of  a 
fabricator  and  would  like  to  add  some 
further  data  from  that  point  of  view. 

It  is  perhaps  not  generally  realized  the 
great  development  that  has  taken  place  in 
the  basic  steel  industry  in  Canada,  even  in 
the  last  forty  to  forty-five  years,  or  since 
the  end  of  the  First  World  War. 

Previous  to  that  time,  as  far  as  the  pro- 
duction of  structural  steel,  such  as  bars, 
angles,  beams,  channels  and  plates,  was 
concerned,  our  Canadian  mills  could  only 
supply  bars,  small  angles,  channels  and 
beams,  and  plates  up  to  about  14"  wide. 
It  naturally  followed  at  that  time  that 
Canadian  designers  and  fabricators  had  to 
depend  on  British,  American  and  Euro- 
pean mills  for  their  material  and  were 
largely  governed  in  their  designs  by  the 
specifications  in  vogue  in  those  countries. 

Since  that  time,  our  mills  have  expanded 
their  production  from  about  a capacity  of 
2,000.000  tons  per  year  to  something  in 
the  neighbourhood  of  7,250,000  tons  per 
year  and  have  also  expanded  the  range 
of  products  which  they  can  produce.  To- 
day we  can  obtain  from  Canadian  mills, 
angles  up  to  8 x 8",  beams  up  to  24", 
channels  up  to  15",  columns  up  to  12  x 12" 
and  plates  up  to  113"  wide. 

About  the  only  structural  sizes  not  now 
rolled  in  Canada  are  beams  over  24"  deep 
and  plates  over  113"  wide.  The  demand  for 
these  sizes  is,  of  course,  somewhat  limited 
and  does  not  yet  warrant  the  installation  of 
the  necessary  expensive  rolling  equipment. 

The  change  in  the  variety  of  product  and 
the  increase  in  tonnage  produced  have,  as 
has  been  outlined  by  the  author,  gone  hand 
in  hand  with  the  development  of  the  quality 
of  the  product.  This  improvement  in  quality 
has  kept  up  with  that  of  other  countries 
and,  I think,  in  some  fields  at  least,  has 
gone  ahead  of  other  basic  steel  producers. 


There  are  one  or  two  points  on  which  I 
would  like  to  add  some  information  to  that 
given  by  the  author.  In  regard  to  the  Firth 
of  Forth  Bridge,  which  was  designed  in 
1881,  and  on  which  work  started  in  1883, 
a paper  published  in  “Engineering”  on 
February  28,  1890,  states  that  a total  61,200 
tons  of  steel  was  produced  by  the  Siemens- 
Martin  open-hearth  process  for  use  on  that 
project.  The  tonnage  was  largely  made  up 
of  plates,  angles  and  beams.  For  tension 
members,  the  steel  was  specified  to  have 
an  ultimate  resistance  of  30  tons  minimum 
and  33  tons  maximum  with  a minimum 
elongation  of  20%  in  8".  For  compression 
members,  the  ultimate  resistance  of  the  steel 
had  to  lie  between  a minimum  of  34  tons 
and  a maximum  of  37  tons,  with  a minimum 
elongation  of  17%  in  8".  The  working  stress 
was  required  not  to  exceed  1/3  of  the 
ultimate,  and  was  reduced  for  members 
subjected  to  pulsating  or  reversing  stresses. 

There  is  no  reference  to  any  chemical  re- 
quirements, but  a tensile  test  was  called  for 
on  one  plate  out  of  every  fifty.  Bending 
test  specimens  IVi"  wide  were  also  re- 
quired to  be  cut  from  every  plate  and  bar 
and  bent  to  a radius  of  IV^  times  the  thick- 
ness with  the  ends  of  the  test  pieces  closed. 
It  is  stated  that,  “the  failures  of  the  steel 
under  test  were  of  the  rarest  occurrence.” 

With  regard  to  nickel  steel,  it  is  interest- 
ing to  note  that  over  16,000  tons  of  such 
material,  with  a minimum  specified  yield 
point  of  50,000#/sq.  in.  was  used  in  the 
construction  of  the  Quebec  Bridge  which 
was  designed  in  1910. 

Referring  to  welded  buildings,  two  early 
examples  should  be  mentioned. — The  West- 
ern Hospital  at  Atwater  Avenue,  and  the 
Canadian  General  Electric  building  on 
Beaver  Hall  Hill,  both  in  Montreal,  were 
built  in  1931  and  were  both  completely 
field  welded. 

The  author  mentions  the  confusion  arising 
at  the  present  time  both  at  the  mills  and 
at  the  fabricators  plants,  due  to  the  greater 
variety  of  steels  being  offered.  This  con- 
fusion is  very  serious  and  will  not  be  over- 
come by  rewriting  specifications.  The  great 
difficulty  is  to  identify  the  various  grades 
of  steel.  This  can  only  be  done  by  the  mills 
instituting  a foolproof  system  of  identifica- 
tion for  the  different  grades  of  steel,  start- 
ing at  the  ingot  stage.  The  identification 
system  must  be  such  that  the  grade  of  each 
piece  of  steel  can  be  determined  at  all 
stages  of  fabrication  and  in  the  finished 
structures.  Present  methods  do  not  provide 
assurance  of  proper  identification  of  each 
piece  with  the  result  that  considerable  extra 
expense  is  caused  the  fabricators  in  carry- 
ing identification  marks  through  their  fabri- 
cation processes.  Unless  a proper  system 
is  devised,  the  use  of  the  newer  steels  on 
small  size  jobs  will  be  limited.  Of  course, 
on  large  projects,  it  is  always  easier  to  con- 
trol and  identify  special  materials. 

Three  factors,  other  than  strength  which 


govern  the  use  of  any  particular  steel  by 
a designer,  are — 

the  cost  strength  ratio  A 

the  deflections  encountered  in  the  finished  ifl| 
structure. 

the  ratio  of  the  yield  point  to  the  ultimate  |if 
strength. 

In  some  cases  it  is  more  economical  to  , 
use  a low  strength  steel  since  the  extra  i . 
cost  per  pound  of  the  higher  strength  ma-  I 
terial  is  too  great  to  compete.  The  de-  i 
signer  needs  to  watch  carefully  that  the  u 
deflections  or  movements  encountered  in  the  M 
finished  structure  will  not  be  excessive  where  i!i  i 
high  strength  steels  are  used.  This  prob-  i'  > 
lem,  for  example,  is  encountered  in  the  | 
design  of  high  rise  buildings  where  the  | 
wind  deflection  must  be  kept  below  a | 
definite  figure  in  order  to  make  the  build-  J n 
ing  acceptable  for  public  use.  In  modern  j 
high  strength  steels,  the  margin  between  j 
the  yield  point  and  the  ultimate  strength  | 
has  been  reduced.  Caution  should  therefore  | 
be  exercised  in  arriving  at  design  stresses 
for  any  structure  by  giving  careful  con- 
sideration to  the  factor  of  safety  on  the 
ultimate  as  well  as  on  the  yield  point 
stress. 

Author’s  Reply: 

I wish  to  thank  Mr.  Eadie  for  his  kind 
discussion  of  my  paper,  particularly  the 
clarification  of  some  points  regarding  the 
Firth  of  Forth  Bridge.  Apparently  his  com- 
panies’ library  had  more  complete  refer-  I 
ences  than  those  that  I was  able  to  find,  |l 
and  I feel  that  both  he  and  his  company  || 
should  be  congratulated.  S 

I must  agree  with  Mr.  Eadie  that  the  ti 
writing  of  new  specifications  is  not  a || 
simple  way  to  improve  the  economy  of  i 
building  construction.  The  use  of  various 
grades  of  steel  is  something  that  requires 
great  thought  and  care  on  the  part  of  the 
designer,  since  the  new  steels  being  offered 
are  not  always  the  most  economical  steels  ! 
for  a particular  structure. 

Identification  of  steel  in  a completed  f 
structure  is  certainly  a serious  problem.  This  | 
matter  is  being  looked  into  by  a com- 
mittee  of  the  Canadian  Standards  Associ-  |- 
ation  and  is  also  receiving  very  serious  con-  |jj 
sidération  by  the  Canadian  Institute  of  |l 

Steel  Construction.  While  there  is  no  simple  | 
solution  to  this  problem  since  it  has  tech-  | 
nical  facets  as  well  as  economic  ones,  I am  | 
sure  that  in  the  near  future  a reasonable  i 
solution  will  be  found.  J 

To  have  a real  breakthrough  on  steel  j 

construction  it  would  be  necessary  to  find  1 
some  way  of  increasing  the  modulus  of  | 

elasticity  of  steel.  So  far  we  know  of  no  i 
solution  to  this  problem,  but  I can  only  j 

hope  that  some  metal  physicist  may  find  i 

a solution  one  of  these  days.  ! 

( Continued  on  page  72)  \ 


70 


THE  ENGINEERING  JOURNAL  OCTOBER,  1962 


Engineering 


Dufresne 


Company  Limited 

(GENERAL  CONTRACTORS) 

The  Company  was  established  in  1922  and  its  larger 
contracts  have  included  bridges,  dams,  hydro-electric 
developments,  wharves,  viaducts  and  tunnels.  Among  the 
bridges  are  those  at  Bout-de-l’lle,  Pie  IX  Street,  Viau  Street, 
He  Perreault,  Ste.  Rose,  St.  Eustache,  Bordeaux,  the  sub- 
structure of  Jacques  Cartier  and  Mercier,  all  in  the  Montreal 
area,  Chambly,  Three  Rivers,  Gaspe  and  Valleyfleld. 

Dams  and  hydro-electric  developments  include  those  at 
Passe  Dangereuse  on  the  Peribonka  River,  Rapid  No.  7 at 
Abitibi,  Lake  Metis,  Lake  Morin,  Power  Houses  Numbers  2 
and  3 which  develop  1,700,000  K.W.  at  Beauharnois,  the 
first  and  second  stage  power  houses  which  develop 
1,500,000  K.W.  at  Bersimis,  and  Twin  Falls  Development, 
Labrador,  240,000  H.P.  Other  major  contracts  include  the 
Windmill  Point  Wharf,  Sorel  Wharves,  and  the  Wellington 
Street  Tunnel  under  the  Lachine  Canal. 
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TWIN  FALLS,  LABRADOR,  NEWFOUNDLAND. 
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Engineers  and  the 
Canadian  Economy 

}.  P.  Francis, 

Director,  Economics  and  Research 
Branch,  Department  of  Labour, 
Ottawa 

The  Engineering  Journal, 

September  1962  page  47. 

Discussion  hij  William  Bruce  m.e.i.c. 

Mr.  Francis  has  taken  us  to  one  side  and 
asked  us  to  view  with  him,  through  the 
eyes  of  an  economist,  engineers  in  relation 
to  the  Canadian  economy,  and  to  examine 
certain  facts  and  observations. 

It  is  quite  evident  from  the  paper  that  he 
quite  deliberately  chose  to  present  his  sub- 
ject in  a provocative  manner.  While  not 
exactly  “flinging  down  the  gauntlet”,  his 
statements  do  more  than  invite  a response, 
they  demand  it.  Such  an  incentive  makes 
the  role  of  the  discusser  a more  satisfying 
one  and  I am  grateful  for  the  opportunity 
to  act  in  his  capacity. 

At  the  outset,  I must  say  that  I am  avoid- 
ing meeting  Mr.  Francis  in  pitched  battle, 
for  I find  myself  in  agreement  with  many 
of  his  observations.  Others,  however,  I 
propose  to  contest  or  at  least  to  qualify. 

One  theme  of  the  paper  suggests  that 
perhaps  engineers  in  Canada  are  a favored 
and  privileged  group;  that  a portion  of  this 
group  exists  at  the  expense  of  the  develop- 
ment of  other  spheres  of  activity  which 
might  contribute  more  to  the  economy  of 
the  country;  that  while  perhaps  not  being 
“sons  of  Mary”  many  of  the  engineering 
group  are  not  true  “sons  of  Martha”.  This 
is  a serious  matter  and  worthy  of  our  con- 
sideration. 

It  appears  that  engineers  in  Canada  face  a 
somewhat  bleak  future.  On  the  one  hand, 
business  school  graduates,  masters  of  com- 
merce and  economics  studies,  psychology 
and  sociology  majors  and  others  intend  to 
move  in  on  the  lush,  top  administrative  jobs 
as  well  as  on  some  of  the  lower  echelons 
of  management,  now  presently  filled  by 
persons  of  engineering  ilk,  while  at  the 
other  end,  routine  technical  assignments  and 
specialties  of  limited  scope  will  be  whipped 
away  by  technicians.  This  may  be  a good 
thing.  Competition  always  provides  the  in- 
centive for  improvement  both  in  the  quality 
and  in  the  performance  of  the  individual, 
and  leads  to  a more  efficient  and  industrious 
work  force. 

There  is  a common  tendency  (in  other 
circles)  to  think  of  engineers  as  “plumbers” 
best  able  to  act  in  limited  technical  areas, 
and  to  consider  engineering  education  as  a 
narrow  restrictive  field.  This  is  an  out- 
moded concept  and  it  is  definitely  not  so, 
as  a careful  examination  of  present  day  en- 
gineering curricula  will  reveal.  I say  the 
“proof  of  the  pudding  is  in  the  eating”. 
The  many  non-engineering  jobs  which  are 
filled  by  persons  who  have  had  an  engineer- 
ing education  are,  of  course,  held  on  a 
competitive  basis.  If  alternative  types  of 
education  will  provide  a better  preparation 
for  certain  industrial  jobs,  then  the  persons 
so  trained  will  be  in  great  demand.  It  is 
worth  noting  that  many  aspects  of  studies 
in  industrial  administration,  business  and 
personnel  management  require,  for  effective 
assimilation,  a maturity  of  mind  and  a de- 


gree of  experience  not  readily  reached  by 
the  young  undergraduate.  This,  in  fact, 
makes  studies  in  these  areas  more  suitable 
for  treatment  at  post  graduate  level,  and 
this  is  the  case  at  many  leading  universities. 
As  a consequence,  a considerable  number 
of  engineering  undergraduates,  after  gaining 
the  B.Eng.  degree  continue  their  studies  in 
these  fields  with  notable  success. 

In  the  matter  of  the  discrepancy  between 
the  relative  numbers  of  engineers  in  Western 
Europe  compared  to  here,  it  may  be  due  in 
part  to  the  method  of  classification.  We 
judge  the  growth  in  the  numbers  of  engi- 
neers primarily  in  terms  of  the  number  of 
B.Eng.  degrees  issued.  Our  tendency  is  to 
class  as  an  engineer  one  who  has  taken  an 
engineering  undergraduate  education  re- 
gardless of  the  subsequent  field  of  activity 
he  pursues.  Many  such  persons  work  in 
rather  peripheral  and  fringe  areas  of  engi- 
neering and  technology,  but  they  still  hold 
allegiance  to  the  engineering  profession.  In 
my  opinion,  it  would  be  wrong  to  estimate 
the  strength  and  capability  of  our  engineer- 
ing work  force  through  numbers  alone. 

The  fact  that  about  twice  the  proportion 
of  Canadian  engineers  are  engaged  in  ad- 
ministration compared  with  the  U.S., 
whereas  only  about  one-fifth  of  the  pro- 
portion are  engaged  in  research  and  de- 
velopment is  significant.  It  suggests  that 
since  much  of  our  manufacturing  industry 
is  primarily  concerned  with  operation,  main- 
tenance, marketing  and  sales,  and  with  re- 
search, design  and  development  being  minor 
or  negligible,  that  the  type  of  engineer 
which  evolved  predominantly  was  one  more 
closely  associated  with  supervisory  and 
banagement  functions.  As  a measure  of 
efficiency,  he  in  fact  came  to  serve  in  two 
combined  functions,  technical  and  mana- 
gerial, the  first  being  the  primary  requisite. 
In  a company  which  is  completely  self-suf- 
ficiest  in  all  phases  of  industrial  activity, 
there  is  a greater  segregation  and  specializa- 
tion of  duties.  Since  Canadian  industry  in 
most  instances  does  not  embrace  all  the 
facets,  its  compositional  character  will  defi- 
nitely be  at  variance  with  that  in  the  U.S. 
However,  there  is  considerable  evidence  that 
research  and  development  activities  in  Cana- 
dian industry  are  rising  noticeably  and  they 
will  be  a much  more  significant  feature  of 
industrial  activity  than  heretofore. 

Mr.  Francis  states  that  “technically,  en- 
gineers will  need  to  be  more  highly  edu- 
cated than  at  present,”  and  also  “the  vast 
majority  of  engineers  now  being  produced 
in  this  country  are  still  entering  the  work 
world  with  only  an  undergraduate  degree”. 

Advanced  education  is  an  essential  re- 
quirement in  all  rapidly  developing  fields 
and  this  is  certainly  true  in  the  field  of 
technology.  To  meet  this  need,  both  the 
undergraduate  and  graduate  studies  in  en- 
gineering have  been  undergoing  major  and 
significant  changes.  The  engineer  who  com- 
pleted his  undergraduate  studies  only  five 
years  ago  would  be  aware  of  many  differ- 
ences in  today’s  curricula.  The  need  for  a 
much  higher  level  of  knowledge  in  mathe- 
matics and  the  basic  sciences  in  order  to 
acquire  proficiency  in  the  understanding  and 
use  of  the  expanding  engineering  sciences 
have  made  their  mark  on  the  engineering 
curriculum.  These  changes  have  been  ac- 
commodated by  elimination  of  purely  tech- 
nique courses  and  by  demanding  an  even 
greater  disciplined  intellectual  effort  from 
the  student.  It  is  important  to  remember 
that  at  a university,  the  evolution  of  the 
undergraduate  curriculum  is  based  more  on 
ensuring  that  the  better  students  are  fully 
able  to  pursue  graduate  studies  at  the  best 
universities  both  here  and  abroad,  rather 
than  on  the  immediate  needs  of  industry, 
although  the  latter  factor  is  in  no  way 


neglected.  While  industry  may- acquire  par- 
ticular national  characteristics,  education  at 
the  university  level  adheres  to  an  interna- 
tional pattern. 

Graduate  study  and  research  activities  in 
Canadian  engineering  schools  are  in  a 
period  of  rapid  growth  and  development. 
Last  year  graduate  students  in  engineering 
registered  at  Canadian  universities  amounted 
to  slightly  more  than  6%  of  the  under- 
graduate enrolment,  and  in  addition,  a con- 
siderable number  of  others  were  studying 
abroad,  while  others  undertook  studies  in 
commerce,  economics  and  business  adminis- 
tration. At  the  master’s  level  in  Canada, 
there  were  750  students  in  engineering, 
compared  with  853  in  the  physical  sciences, 
and  at  the  doctorate  level,  181  vs.  777.  The 
disparity  at  Ph.D.  level  will  certainly  de- 
crease. Last  year  50%  of  the  graduate  stu- 
dents in  engineering  at  McGill  were  Ph.D. 
candidates  and  indications  are  that  it  will 
be  greater  next  year.  The  response  to  the 
need  for  more  highly  educated  engineers  is 
certainly  evident. 

Another  matter  upon  which  Mr.  Francis 
touched  was  the  importance  and  place  of 
technicians  in  the  industrial  framework.  I 
agree  with  him  that  this  is  an  area  of  ac- 
tivity which  is  becoming  exceedingly  impor- 
tant and  one  in  which  the  educational 
facilities  in  Canada  have  been  lacking.  In- 
dustry has  relied  almost  completely  upon 
immigration  as  a source  of  such  personnel. 
It  is  true  that  steps  are  now  being  taken  to 
remedy  the  lack  of  such  training  facilities 
and  many  building  programs  are  in  evi- 
dence. However,  it  is  most  essential  that 
the  curricula  of  such  schools  be  carefully 
set  out,  to  see  that  they  extend  to  high 
enough  levels,  that  they  adequately  com- 
plement the  changing  engineering  educational 
requirements,  and  that  they  meet  the  spe- 
cific needs  of  industry. 

Finally,  a further  phase  of  matching  the 
education  of  the  engineer  to  meet  the  needs 
of  the  economy  might  be  found  in  a com- 
bined B.A./B.Eng.  degree  as  is  now  done  in 
other  professions.  At  McGill,  we  have  a 
five-year  undergraduate  engineering  program 
following  junior  matriculation.  It  seems  en- 
tirely feasible  without  two  much  alteration 
and  with  no  change  in  standards  of  the  en- 
gineering course  to  set  out  a combined 
B.A./B.Eng.  program  which  could  be  accom- 
plished in  six  years.  Probably  only  a minority 
of  engineering  students  would  elect  this 
program,  but  it  would  allow  for  a much 
greater  variety  of  comprehensive  studies  and 
a much  broader  based  education  for  some, 
fitting  them  for  a wider  range  of  occupa- 
tions. 

In  conclusion,  since  Mr.  Francis  un- 
doubtedly asked  that  we  defend  our  position, 
I return  to  the  rather  touchy  theme  as  to 
which  is  the  tail  and  which  is  the  dog. 
It  could  be,  of  course,  that  instead  of  the 
polished  graduate  of  a business  manage- 
ment school  hiring  an  engineer  to  look  after 
the  technical  details  of  the  business,  in 
Canada  the  engineer-manager  will  simply 
pick  up  a few  bright  commerce-economics 
graduates  to  ensure  that  his  product  is 
marketed  at  a profit. 

Discussion  by 
David  N.  Solomon 

Although  I have  made  every  effort  to  do 
so,  I cannot  find  any  specific  points  with 
which  to  disagree  or  take  issue  with  Dr. 
Francis’  interesting  and  excellent  paper. 
Dr.  Francis  explains  recent  changes  in  the 
number  of  engineers  in  Canada  by  allocat- 
ing growth  to  changes  in  the  labour  force 
as  a whole,  to  the  exceedingly  rapid  rates 

(Continued  on  page  74) 
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of  growth  of  industries  which  employ  large 
numbers  of  engineers,  and  most  recently  to 
increases  in  the  level  of  technical  skills  re- 
quired in  certain  of  these  industries.  Al- 
though easy  to  understand  this  is  a far  more 
sophisticated  approach  than  the  usual  un- 
critical attempt  to  explain  growth  in  the 
number  of  engineers  in  terms  of  growth  in 
gross  national  product  or  some  other  very 
crude  relationship.  Dr.  Francis,  quite  rightly 
I think,  draws  attention  away  from  the 
technical  problems  involved  in  forecasting 
manpower  requirements.  His  theoretical  in- 
terpretation or  explanation  of  recent  history, 
on  the  other  hand,  lays  out  a set  of  dimen- 
sions which  ought  to  be  basic  considerations 
for  anyone  attempting  forecasts.  I hope  we 
can  look  forward  to  the  application  of  these 
notions  by  Dr.  Francis  and  his  colleagues 
to  the  problems  of  forecasting  future  re- 
quirements. 

I would  like  to  make  one  or  two  com- 
ments which  were  stimulated  by  reading  Dr. 
Francis’  paper.  While  forecasting  future  re- 
quirements is  not  the  central  concern  of 
the  paper,  it  is  a matter  of  interest.  The 
allocation  of  resources  is  a process  which 
goes  on  in  any  social  system,  whether  it  is 
rationally  planned  or  not.  It  is,  if  you  will, 
a natural  process.  The  purpose  of  fore- 
casting is  to  make  possible  a rational  plan 
for  the  allocation  of  resources  which  is  ex- 
pected to  be  more  efficient  than  the  natural, 
but  unseen  hand,  remarked  on  by  Adam 
Smith.  But  most  attempts  at  forecasting  have 
been  concerned  with  occupations  which 
happen  to  catch  the  public  interest.  We 
have  heard  a great  deal  about  past,  present, 
and  probable  future  shortages  of  engineers 
and  scientists.  Some  medical  authorities, 
both  here  and  in  the  United  States,  believe 
that  we  will  have  to  double  or  perhaps 
triple  our  annual  production  of  young 
doctors.  Nurses  and  teachers  are  in  short 
supply.  The  Department  of  National  Health 
and  Welfare  has  recently  allocated  a very 
large  sum  of  money  to  the  training  of  social 
workers.  We  are  told,  and  perhaps  some  of 
us  ought  to  be  thankful,  that  very  soon 
there  will  be  a terrible  dearth  of  professors. 
And  so  it  goes.  WhUe  the  efforts  of  profes- 
sional groups  or  sectors  of  the  economy 
compete  for  recruits  and  look  out  for  their 
own  needs  are  commendable  and  ought  to 
be  encouraged  or  at  any  rate  tolerated,  we 
must  realize  that  no  matter  how  fast  it 
grows  the  manpower  cake  is  still  a limited 
one.  We  are  very  far  from  having  the  com- 
prehensive body  of  information  required  to 
decide  how  to  slice  it  more  rationally  than 
by  following  whatever  sputnik  happens  to 
be  sailing  across  the  horizon  at  the  moment. 

This  brings  me  to  another  of  the  points 
of  great  interest  in  Dr.  Francis'  paper, 
namely  his  assumptions  as  to  the  relation- 
ships between  technological  change  or  inno- 
vation, economic  development,  and  require- 
ments for  highly  trained  manpower.  He 
regards  technological  change  as  the  inde- 
pendent variable  which  produces  both  eco- 
nomic development  and  manpower  de- 
mands. One  may  also  ask,  of  course,  what 
are  the  independent  variables  which  pro- 
duce technological  change.  Economic  de- 
velopment and  the  size  of  the  trained  man- 
power pool  perhaps  determine  as  much  as 
they  are  determined  by  the  rate  of  tech- 
nological innovation.  The  relationship  is 
circular  and  I think  we  do  not  understand 
it  too  well  as  yet.  There  is  another  inde- 
pendent variable,  however,  in  so  far  as  inno- 
vation is  concerned,  and  this  is  a social 


one:  the  question  of  how  receptive  or  re- 
sistant a given  society  is  to  innovation  at 
any  particular  time. 

That  in  1959  only  6%  of  engineers  in 
Canadian  industry  were  engaged  in  research 
and  development  indicates  first,  that  for 
obvious  reasons  a good  deal  of  our  indus- 
trial research  and  development  is  done  in 
other  countries,  and  second,  that  industrial 
management  in  Canada  has  not  been  highly 
receptive  to  innovation.  One  hears  that  in 
such  and  such  an  industry  3%  or  6%  or 
what  have  you  is  regarded  as  the  appropriate 
proportion  of  revenue  to  be  spent  on  re- 
search and  development.  The  scientists  and 
engineers  in  research  and  development, 
sometimes  without  an  assist  from  their  col- 
leagues in  production,  are  hopeful  of  selling 
management  on  a higher  proportion,  but 
despite  recent  changes,  it  remains  an  open 
question  as  to  just  how  rapidly  manage- 
ment in  Canada  will  become  more  con- 
vinced, of  the  virtues  of  investing  in  innova- 
tion. There  is  also  the  question,  of  course, 
of  how  much  investment  which  produces 
quite  long-postponed  returns  can  be  afforded 
by  an  economy  in  our  particular  state  of 
development.  If  Dr.  Francis  is  correct  in 
his  prediction  that  engineers  will  be  re- 
placed or  succeeded  in  management  posi- 
tions by  graduates  of  schools  of  business 
administration,  it  is  interesting  to  speculate 
on  what  impact  this  is  likely  to  have  on 
management  policies  with  regard  to  re- 
search and  development  expenditures  and 
hence  on  the  employment  of  engineers.  My 
own  guess  is  that  it  may  add  something 
new  and  help  to  break  down  the  entrenched 
conservatism  of  much  of  present  manage- 
ment, but  then  maybe  I am  optimistic  about 
the  virtues  of  university  education. 

There  is  hardly  an  end  to  interesting 
points  which  can  be  generated  by  reading 
and  re-reading  Dr.  Francis’  paper  and  I 
should  like  to  have  touched  on  a number 
of  others,  such  as  the  changes  in  the  work 
roles  of  engineers  and  in  engineering  educa- 
tion which  he  forecasts,  but  time  does  not 
permit.  We  are  indebted  to  Dr.  Francis  for 
this  stimulating  presentation. 

Author’s  Closure 

I think  perhaps  the  comments  on  my 
paper  by  Professors  Solomon  and  Bruce 
bring  us  back  to  a basic  question:  what  is 
the  management  function  which  should  be 
performed  in  business  and  industry,  and 
how  can  people  be  best  prepared  to  per- 
form this  function? 

It  is  my  contention  that  the  manage- 
ment function  is  a crucial  one  for  our 
economic  and  social  welfare,  that  it  in- 
volves a terribly  difficult  task  of  bringing 
together  men,  materials  and  know-how  in  a 
manner  which  yields  an  optimum  result, 
that  it  requires  among  other  things  an 
eagerness  to  innovate  and  a willingness  to 
take  a chance,  and  therefore  that  it  should 
be  regarded  as  a professional  activity  for 
which  intensive  and  systematic  preparation 
is  necessary. 

Now  it  seems  to  me  that  the  market 
mechanism  will  not  by  itself  spell  out  clearly 
the  need  for  professionally  trained  people 
to  perform  management  functions  of  these 
kinds,  although  it  will  throw  up  warning 
signals  through  relatively  low  productivity 
and  profits,  through  inabilities  to  compete 
internationally,  and  through  poor  labor- 
management  relations,  that  something  is 
wrong.  Basically,  all  the  market  can  do  is 
allocate  to  management  positions  the  best 
of  the  manpower  resources  which  are  avail- 
able and,  as  I have  pointed  out,  we  have 
a situation  where  a substantial  number  of 
engineers  are  being  allocated  to  these  kinds 
of  jobs. 

The  market  in  effect  does  the  best  it 


can  with  the  resources  available  to  it.  It  is 
up  to  us  as  individuals  and  as  a nation  to 
judge  whether  or  not  these  resources  are 
carrying  out  the  management  function  as 
well  as  it  might  be.  If,  for  example,  a 
person  with  engineering  training  is  one  who 
will  not  be  inclined  to  take  a chance,  and 
if  this  is  an  important  element  in  manage- 
ment, then  we  should  either  change  the 
kind  of  preparation  which  engineers  re- 
ceive or  think  of  making  available  other 
kinds  of  people  who  have  been  trained  to 
gamble  judiciously  and  win  more  often 
than  they  lose. 

I think  to  some  degree  in  Canada  we  have 
not  faced  up  to  the  issue  of  our  needs  for 
management  personnel  and  the  most  appro- 
priate ways  of  producing  such  people.  In 
my  view  we  cannot  afford  to  ignore  this 
matter  very  much  longer.  We  need  to 
realize  that  technology  is  only  one  of  the 
ingredients  which  goes  into  the  making  of  a 
successful  enterprise  these  days.  As  I men- 
tioned in  my  paper,  there  are  many  others: 
manpower,  finances,  labor-management  rela- 
tions, marketing,  forecasting,  and  so  on. 
Basically,  the  task  of  management  is  to 
mix  these  ingredients  together  in  such  a 
way  as  to  produce  the  tastiest  cake,  the  one 
which  will  sell  better  than  any  other.  We 
should  be  doing  much  more  than  we  are 
in  trying  to  find  out  what  kind  of  a person 
can  perform  this  type  of  function  best. 

Professor  Bruce’s  comments  about  the 
increasing  proportion  of  people  receiving 
undergraduate  engineering  degrees  who  are 
going  on  to  postgraduate  work  are  most 
encouraging.  I am  convinced  that  the  en- 
gineer of  tomorrow,  if  he  is  going  to  work 
as  an  engineer,  will  need  much  more  than 
a university  undergraduate  degree.  Profes- 
sor Bruce’s  comment  that  the  increasing 
number  of  technicians  which  will  shortly 
be  produced  in  this  country  will  need  to  be 
trained  to  sufficiently  high  levels  is  also 
well  taken.  It  seems  to  me  that  there  is  a 
constant  danger  of  our  advanced  technical 
institutes  being  watered  down  to  nothing 
more  than  trade  schools. 

Professor  Solomon  pointed  out  that  our 
understanding  of  the  relationship  between 
innovaton,  economic  growth  and  require- 
ments for  high  talent  manpower  leaves  a 
lot  to  be  desired.  I fuEy  agree  with  this 
comment  and  feel  that  this  is  one  problem 
to  which  economists  among  others  need 
to  give  a great  deal  more  attention.  Profes- 
sor Solomon  also  mentioned  that  a more 
sophisticated  methodolody  for  forecasting 
our  requirements  for  highly  trained  man- 
power is  badly  needed  so  that  decisions  af- 
fecting the  way  in  which  these  resources  are 
allocated  can  be  made  on  a more  rational 
basis  than  is  the  case  at  present.  Again, 
I am  in  full  agreement  with  this  remark  and 
might  mention  that  an  increasing  amount  of 
research  on  long-term  forecasting  is  de- 
veloping both  on  this  continent  and  in 
Europe. 

THE  PRODUCTION  AND 
USE  OF  AN  ANIMATED 
FILM  FOR  TEACHING 
KINEMATICS 

G.  F.  Pearce, 

Assistant  Professor  of 
Mechanical  Engineering, 

University  of  Waterloo 

The  Engineering  Journal,  September 
1962.  Page  51. 

Discussion  hy  D.  L.  Allen 

In  recent  years  there  htis  been  an  in- 
crease in  the  number  of  excellent  educa- 

(Continued  on  page  108) 
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The  air  is  no  test  ground  for  aeroplane  cast- 
ings. Radiography  with  Kodak  Industrial 
X-ray  Film  finds  any  and  every  flaw  first! 


Light  Alloys  Ltd.  of  Haley,  Ontario  supplies 
castings  to  more  than  half  a dozen  manufac- 
turers of  aeroplanes  and  aeroplane  engines. 
Everything  from  ski-clamps  for  commercial 
aircraft  to  gear  boxes  for  helicopters  is  pro- 
duced. And,  almost  every  casting  . . . whether 
it  weighs  4 ounces  or  more  than  120  pounds 
— is  examined  in  the  plant’s  radiography  de- 
partment. Only  radiography  gives  proof  that 
a casting  is  sound  enough  to  withstand  cal- 
culated design  stresses! 


“Radiography  ensures  that  a casting  meets 
the  specifications”,  explains  L.  G.  Day,  plant 
manager.  “Without  industrial  X-ray  we  would 
have  no  idea  of  metallurgical  soundness.  For 
example,  a complex  casting  could  have  severe 
porosity  and  yet  appear  satisfactory  to  the 
eye.  X-rays  detect  the  flaws  even  in  internal 
passages.” 


“All  our  machines  are  set  for  Kodak  film”, 
says  Mr.  Laporte,  Chief  Radiographer. 
“There  is  no  tendency  to  fog  or  streak.  Both 
the  film  and  developing  are  so  superior.” 


As  at  Light  Alloys  Ltd.,  Kodak  Industrial 
X-ray  Film  can  guarantee  the  right  answers 
to  your  inspection  problems.  Contact  your 
X-ray  Dealer  or  Kodak  Technical  Represen- 
tative for  the  full  story.  Or  write:  Canadian 


Light  Alloys’  Radiograph  Dept,  uses  a 
revolving,  4-compartment  “turntable”  to 
speed  its  work.  While  castings  are  being 
radiographed  in  one  compartment,  other 
castings  are  set  up  in  the  other  three  ready 
to  be  radiographed.  No  time  is  lost  be- 
tween exposures  of  film! 


CANADIAN  KODAK  CO.,  LIMITED 

Toronto  15,  Ontario 
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lonth  to  Month 


NOMINATIONS  FOR  OFFICERS,  1963 

The  report  of  the  Nominating  Committee,  as  accepted  hy  Council  at  its  meeting  held  on 
September  7th,  1962,  in  Digby,  Nova  Scotia,  is  published  for  the  information  of  all  corporate 
members  as  required  by  Sections  19  and  40  of  its  By-Laws. 


VICE-PRESIDENTS  1963-65 

Zone  “A”  (Western  Provinces)  ...  W.  A.  Smith, 

Calgary 

Zone  ‘"B”  (Ontario)  Maj.-Gen.  G.  R. 

Turner,  Ottawa 

Zone  “C”  (Quebec)  C.  E.  Frost, 

Montreal 

COUNCILLORS 

(Two  Councillors  to  be  elected  for  three  years) 

Montreal  Branch  G.  M.  Boissonneault, 

Montreal 

C.  G.  Kingsmill, 

Montreal 

(One  Councillor  to  be  elected  for  three  years) 

Ottawa  Branch  A.  B.  Connelly 

Toronto  Branch  

(One  Councillor  to  be  elected  for  two  years) 

Amherst  Branch  J.  W.  Wilson 

Baie  Comeau  Branch  G.  W.  Scott 

Belleville  Branch  W.  L.  Caniff 

Border  Cities  Branch  R.  H.  Darke 

Central  B.C.  Branch  Fred  Joplin 

Chalk  River  Branch  R.  D.  Page 


Corner  Brook  Branch  Karl  Bulins 

Eastern  Townships  Branch  James  C.  Davidson 

Edmonton  Braneh  Bryan  A.  Ellis 

Halifax  Branch  J.  G.  Belliveau 

Kingston  Branch  W.  B.  Rice 

Kootenay  Branch  R.  F.  Bailey 

Lakehead  Branch  Curtis  M.  Cotton 

London  Branch  Donald  J.  Matthews 

Lower  St.  Lawrenee  Branch  

Newfoundland  Branch  G.  A.  Myers 

Nipissing  & Upper  Ottawa  

North  Shore  Lower 

St.  Lawrence  Branch  

Prince  Edward  Island  Branch  D.  I.  D.  Rozman 

Port  Credit  Branch  D.  S.  Moyer 

Port  Hope  Branch  J.  L.  Sylvester 

Saguenay  Branch  C.  C.  Louttit 

Saskatchewan  Branch  K.  Allcock 

Saint  John  Branch  Phillip  W.  Hastings 

Saint  Maurice  Valley  Branch W.  A.  Pangborn 

Sudbury  Branch  R.  P.  Crawford 

Vancouver  Branch  R.  H.  Carswell 

Vancouver  Island  Branch  A.  R.  D.  Robertson 

Winnipeg  Branch  J.  Hoogstraten 

Yukon  Branch  G.  B.  Starr 


PLAN  TO  ATTEND 


77th  Annual  Meeting 

of  the 

ENGINEERING  INSTITUTE  OE  CANADA 

CHATEAU  ERONTENAC,  QUEBEC  CITY 

MAY  22-24 
1963 
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Annual  General  Meeting 

1962 


Minutes  of  the  Seventy-Sixth  Annual  Genei'ol  Meeting  of  The  Engineering 
Institute  of  Canada  held  on  Tuesday,  June  12,  1962,  at  The  Queen 
Elizabeth  Hotel,  Montreal,  Quebec,  between  the  hours  of  nine  a.m.  and 
twelve  noon,  presided  over  by  the  President,  B.  G.  Ballard,  Ottawa, 
Ontario. 


QUORUM.  CALL  TO  ORDER  AND 
NOTICE  OF  MEETING 

The  President  established  that  a quorum  of  Mem- 
bers in  good  standing  was  present.  The  President 
called  the  Seventy-Sixth  Annual  General  Meeting  of 
The  Engineering  Institute  of  Canada  to  oi’der  at  &:00 
a.m.  The  General  Secretary  read  the  official  notice  of 
the  meeting  which,  (in  accordance  with  Section  52  of 
the  By-Laws),  had  been  mailed  to  corporate  members 
twenty-one  days  before  the  date  of  the  meeting. 

PRESIDENT’S  OPENING  REMARKS 

(a)  President  Ballard  presented  the  following  mes- 
sage from  H.  R.  H.  The  Duke  of  Edinburgh,  an 
Honorary  Member  of  the  Institute: 

"TO: 

The  Engineering  Institute  of  Canada 
Many  congratulations  on  the  75th  Anniversary 
of  The  Engineering  Institute  of  Canada,  I send 
you  all  my  very  best  wishes  for  a successful 
Annual  Meeting  and  for  the  next  twenty-five 
years  until  your  Centenary  Celebrations. 

Philip”. 


(b)  The  president  extended  a sincere  welcome  to 
those  present.  He  reported  that  the  E.I.C.  has  had  an 
interesting  and  in  some  ways  difficult  year;  and  that 
this  Annual  Meeting  would  discuss  some  very  import- 
ant issues,  one  of  these  being  Confederation. 

(c)  The  President  reported  that  a letter  ballot  for 
the  election  of  Vice-Presidents  of  the  Institute  has  been 
held  in  accordance  with  By-Law  43,  and  requested 
Mr.  Roger  Harvey,  Chairman  of  the  Committee  of 
Scrutineers,  and  his  committee,  to  canvass  publicly  the 
ballots  so  cast. 

CONFIRMATION  OF  MINUTES 

It  was  moved  by  Mr.  J.  J.  Hanna,  seconded  by 
Mr.  R.  B.  Chandler,  and  carried  unanimously,  that 
the  minutes  of  the  Seventy-Fifth  Annual  General 
Meeting  of  The  Institute  held  in  Vancouver,  B.C.  on 
Wednesday,  June  1,  1961,  be  taken  as  read  and 
adopted. 

REPORT  OF  COUNCIL, 

REPORT  OF  FINANCE  COMMITTEE, 

REPORT  OF  OFFICIAL  AUDITORS,  AND 
TREASURER’S  REPORT 

(a)  The  President  stated  that  the  Report  of  Coun- 
cil for  the  year  1961  was  incorporated  in  the  Annual 
Report  of  1961,  which  was  circulated  to  the  member- 
ship in  April,  1962  issue  of  The  Engineering  Journal. 

It  was  moved  by  Mr.  R.  Harvey  Self,  seconded  by 
Mr.  H.  A.  Mullins,  and  carried  unanimously,  that  the 
Annual  Report  of  Council  for  the  year  1961  be 
approved. 


(b)  Mr.  G.  N.  Martin,  Chairman  of  the  Finance 
Committee,  said  that  the  report  of  the  Finance  Com- 
mittee, which  was  contained  in  the  Annual  Report 
for  1961,  was  not  a happy  report,  although  the 
Finance  Committee  had  worked  hard  to  make  it  so. 
He  explained  how  for  many  years  the  Institute  had 
enjoyed  a substantial  revenue  from  its  publications, 
but  that  this  surplus  position  was  now  changed  and 
that  in  order  for  the  Institute  to  maintain  the  services 
which  it  is  now  performing  it  will  be  necessary  to 
receive  additional  revenue  from  membership  fees.  He 
mentioned  that  substantial  voluntary  contributions 
have  been  received  to  date  and  stated  that  later  in 
the  year  the  membership  would  be  asked  to  vote  on 
a change  in  by-laws  in  connection  with  an  increase  in 
membership  fees. 

It  was  moved  by  Professor  R.  E.  Chant,  seconded 
by  Brig.  A.  B.  Connelly,  and  carried  unanimously 
that  the  report  of  the  Finance  Committee  for  1961  be 
adopted. 

Dr.  Ballard  said  that  some  of  the  members  feel 
that  no  further  services  are  necessary  but,  that  if 
they  were  confronted  with  the  day-to-day  operation  of 
the  Institute  they  would  be  convinced  otherwise.  One 
of  the  first  requirements  which  he  felt  was  necessary 
was  to  maintain  better  communications  with  the  mem- 
bership and  the  Branches.  It  has  become  apparent 
that  the  present  system  of  bringing  councillors  from 
Branches  is  not  workable  and  the  result  is  that  very 
often  whole  areas  of  the  country  are  not  represented 
at  Council  meetings.  He  said  that  he  was  convinced 
that  some  method  is  necessary  to  finance  attendance 
at  Council  meetings,  possibly  two  per  year,  so  that 
these  important  issues  can  be  discussed. 

He  added  that  he  also  felt  that  better  methods  of 
publishing  papers  are  needed,  since  the  Institute  is 
essentially  a technical  and  learned  society  and  at  the 
present  time  it  is  not  possible  to  publish  all  the  worth- 
while papers  which  are  received.  He  said  that  methods 
are  being  adopted  to  reduce  the  costs  of  publication, 
and  he  felt  that  if  the  E.I.C.  is  to  maintain  its  high 
technical  standards  it  is  necessary  to  not  only  publish 
the  papers  themselves,  but  also  the  discussion  of  im- 
portant papers. 

(c)  In  presenting  the  Treasurer’s  Report  and  the 
Report  of  the  Official  Auditors,  the  Treasurer,  Mr. 
E.  B.  Jubien,  noted  that  some  of  the  figures  had 
already  been  commented  upon,  and  that  1961  had  been 
a particularly  trying  year. 

It  was  moved  by  Mr.  H.  A.  Mullins,  seconded  by 
Col.  A.  Archavsky,  and  carried  unanimously  that  the 
Treasurer’s  Report  and  the  Report  of  the  Official 
Auditors  be  adopted. 

It  was  moved  by  Mr.  H.  A.  Mullins,  seconded  by 
Col.  A.  Archavsky,  and  carried  unanimously  that  the 
firm  of  Peat  Marwick  Mitchell  & Company,  Char- 
tered Accountants  be  appointed  the  Official  Auditors 
of  the  Engineering  Institute  of  Canada  for  the  vear 
1962. 
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REPORT  OF  COMMITTEE  ON 
BRANCH  OPERATIONS 

Mr.  F.  L.  Lawton,  Chairman,  Committee  on 
Branch  Operations,  said  that  the  report  of  the  Com- 
mittee to  December  31,  is  contained  in  the  1961 
Annual  Report.  Although  the  Committee  was  set  up 
only  a short  while  ago,  the  report  indicates  that  it 
is  making  progress.  The  Activities  of  the  Branches 
were  analyzed  on  the  basis  of  returns  received,  a 
report  was  compiled  and  some  eighteen  recommenda- 
tions were  made,  which  he  believed  were  proving 
useful.  The  Committee,  through  its  sub-committees  on 
Model  Branch  By-Laws  and  Model  Branch  Accounts, 
was  achieving  practical  success.  Branch  Achievement 
Awards  are  being  made  this  year  for  the  first  time. 
He  drew  attention  to  an  error  which  appeared  in  the 
final  sentence  of  the  printed  report,  which  should  read 
“There  is  increasing  evidence  this  Committee,  as  con- 
stituted in  1960,  is  able  to  contribute  materially  to 
those  activities  of  E.I.C.  in  which  the  Branches  are 
most  vitally  concerned.” 

It  was  moved  by  Dr.  J.  B.  Stirling,  seconded  by 
Mr.  J.  J.  Hanna,  and  carried,  that  the  amended  report 
of  the  Committee  on  Branch  Operations  be  adopted. 

REPORT  OF  THE  COMMITTEE  ON  MEMBERSHIP 

Mr.  E.  D.  Gray-Donald,  Chairman  of  the  Committee 
on  Membership,  stated  that  the  report  of  his  com- 
mitte  was  also  contained  in  the  1961  Annual  Report. 
The  final  figure  for  membership  at  the  end  of  1961 
was  22,601  and  this  figure  now  stands  close  to  23,500 
a substantial  increase  in  such  a short  period  of  time. 
He  paid  tribute  to  the  many  members  of  the  Commit- 
tee on  Membership,  with  particular  emphasis  on  the 
outstanding  work  which  Miss  Elsie  MacGill  of  Toronto 
has  been  doing  and  is  continuing  to  do  in  obtaining 
new  members.  He  said  that  the  obtaining  of  new 
members  is  a most  important  activity  and  that  all 
members  of  the  Institute  should  consider  themselves 
members  of  the  Committee  on  Membership. 

It  was  moved  by  Mr.  E.  D.  Gray-Donald,  seconded 
by  Mr.  Huet  Massue,  and  carried,  that  the  report  of 
the  Committee  on  Membership  be  adopted. 

REPORT  OF  THE  COMMITTEE  ON 
TECHNICAL  OPERATIONS 

In  presenting  the  report  of  the  Committee  on 
Technical  Operations  its  Chairman,  Mr.  S.  Sillitoe, 
stated  that  the  report  had  been  written  some  time  ago 
and  that  at  that  time  there  were  nine  active  divisions. 
Since  that  time  there  are  now  twelve  active  divisions 
of  C.T.O.  and  two  more  in  process  of  formation.  This 
is  a good  indication  of  the  progress  that  has  been  made 
in  the  activities  of  C.T.O.  and  there  is  direct  evidence 
of  this  progress  in  the  technical  program  which  has 
been  planned  for  the  Annual  Meetings,  which  includes 
sixty-six  papers  and  three  symposia.  There  are  also 
eight  more  regional  technical  conference  planned.  Mr. 
Sillitoe  reported  that  on  June  11th,  the  most  success- 
ful C.T.O.  meeting  yet  was  held  and  that  it  is  very 
encouraging  to  see  the  progress  that  is  being  made 
in  the  technical  operations  of  the  Institute.  He  paid 
tribute  to  the  chairmen  of  the  various  technical  divi- 
sions, who  have  given  so  much  of  their  time  and  effort. 

President  Ballard  thanked  Mr.  Sillitoe  and  his  com- 
mittee for  the  excellent  work  they  have  done. 

It  was  moved  by  Mr.  Sillitoe,  seconded  by  Col. 
W.  A.  Capelle,  and  carried,  that  the  report  of  the 
Committee  on  Technical  Operations  be  adopted. 

REPORTS  OF  OTHER  COMMITTEES, 

REPORTS  OF  REPRESENTATIVES, 

REPORTS  OF  BRANCHES  AND 

THE  ONTARIO  PROVINCIAL  DIVISION. 

(a)  The  President  stated  that  the  reports  of  other 
committees,  reports  of  Representatives,  reports  of 
Branches  and  the  Ontario  Provincial  Division  were 
incorporated  in  the  1961  Annual  Report. 

(b)  The  General  Secretary  read  a letter  from  Mr. 
H.  Cimon  regarding  the  work  of  the  Life  Members 
Committee. 

After  discussion,  it  was  moved  by  Mr.  E.  A.  Cross, 
seconded  by  Mr.  R.  Harvey  Self,  and  carried,  that 
Council  be  requested  to  investigate  how  the  Life 
Members  Committee  is  being  managed,  to  make  certain 
that  the  policies  of  that  committee  are  in  accordance 
with  the  overall  policies  of  the  Institute. 


(c)  Mr.  R.  N.  Boyd,  Chairman  of  the  Library  and 
House  Committee,  moved  an  amendment  to  the  report  ■ 
of  the  Life  Members  Committee,  to  delete  the  words 

“at  the  request  of  the  Library  and  House  Committee”  u ■ 
from  the  fourth  paragraph  of  the  printed  report  of  ; I 
the  Life  Members  Committee.  This  was  seconded  by 
Mr.  Hammerschmidt,  and  carried. 

(d)  It  was  moved  by  Professor  A.  C.  Davidson, 
seconded  by  Mr.  C.  G.  Southmayd,  and  carried,  that  - 
the  reports  of  other  committees,  reports  of  Représenta-  . 
tives,  and  reports  of  Branches  and  the  Ontario 
Provincial  Division  be  adopted. 

THE  HARRY  F.  BENNETT  EDUCATIONAL 
TRUST  FUND 

The  general  Secretary  presented  the  report  of  the 
Board  of  Trustees  of  the  Harry  F.  Bennett  Educa- 
tional Trust  Fund,  which  was  not  received  in  time 
to  be  published  in  the  Annual  Report  of  Council. 

Dr.  Dick  asked  whether  a statement  of  assets 
would  be  appended  to  the  report.  The  General  Secre- 
tary replied  that  the  Auditors’  report  was  in  the 
hands  of  the  trustees  and  would  be  added  to  the 
printed  minutes  of  this  meeting  as  they  will  appear 
in  the  Journal,  for  the  information  of  the  membership, 
(appendix  “A”). 

It  was  moved  by  Mr.  E.  D.  Gray-Donald,  seconded 
by  Dean  H.  Gaudefroy,  and  carried,  that  the  report 
of  the  Board  of  Trustees  of  the  Harry  F.  Bennett 
Educational  Trust  Fund  be  adopted. 

NOMINATING  COMMITTEE,  1962 

President  Ballard  reported  that  the  composition  of 
the  Nominating  Committee  for  1962  was  listed  on 
Page  13  of  the  Annual  Report,  with  Mr.  E.  D. 
Gray-Donald  of  Montreal  as  Chairman.  One  member 
from  each  Branch  has  been  appointed  to  serve  on 
this  Committee. 

OTHER  BUSINESS 

(a)  Annual  Meeting  of  Council,  June  10,  1962 

President  Ballard  reported  that  the  number  of 
Vice-Presidents  in  Zone  “C”  had  been  increased  on 
an  interim  from  two  to  four;  two  being  assigned  to 
Montreal,  one  to  the  Eastern  portion  of  Quebec, 
including  Quebec  City  and  the  North  Shore,  and  one 
to  the  territory  between  Montreal  and  the  Eastern 
portion,  including  the  Eastern  Townships,  St.  Maurice 
Valley,  and  the  North  Shore.  The  number  of  Vice- 
Presidents  in  the  Atlantic  Provinces,  Zone  “D”  had 
been  increased  from  one  to  two,  with  the  additional 
Vice-President  being  assigned  to  Newfoundland. 

PROPOSED  AMENDMENTS  TO  E.I.C.  BY-LAWS 

(a)  President  Ballard  said  that  for  some  years  it 
has  been  apparent  that  certain  changes  to  the  Insti- 
tute By-Laws  are  necessary  to  bring  them  in  line 
with  current  practice,  as  approved  by  Council.  Accord- 
ingly, Council  requested  the  Committee  on  By-Laws, 
with  Mr.  J.  S.  Waddington  of  Brockville  as  Chairman, 
and  Messrs.  Janitsch  and  Dolphin  of  Belleville  and 
Kingston,  members,  to  prepare  appropriate  amend- 
ments to  the  By-Laws,  and  to  review  amendments  that 
had  been  proposed  by  the  membership  in  accordance 
with  the  By-Laws.  These  proposals  were  approved  by 
Council  and  were  mailed  to  corporated  members  not 
less  than  21  days  before  the  Annual  General  Meeting, 
as  required  by  Section  79  of  the  By-Laws. 

These  proposals  are  now  before  the  membership 
for  discussion;  the  members  here  present  may  propose 
an  amendment  or  amendments  thereto,  and  all  pro- 
posals, together  with  such  amendment  or  amendments 
as  are  approved  by  the  Annual  General  Meeting,  shall 
be  printed  on  a letter  ballot  to  be  submitted  to  the 
corporate  membership  of  the  Institute.  The  General 
Secretary  shall  issue  the  letter  ballot  not  later  than 
two  months  after  this  annual  general  meeting.  An 
affirmative  vote  of  two-thirds  of  all  valid  ballots  shall 
be  necessary  for  the  amendment  or  repeal  of  existing 
By-Laws  or  for  the  adoption  of  new  By-Laws. 

(b)  Section  20 — Entrance  Fees 

The  present  requirement  that  entrance  fees  be 
submitted  with  an  application  is  rather  awkward. 
Reference:  Executive  Committee  Meeting  August  18, 
1961— Minute  61/596. 

It  is  proposed  that  the  first  sentence  of  Section  20 
be  written  as  follows  : 
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Present  Wording; 

The  entrance  fees,  payable  at  the  time  of  application 
for  admission  to  the  Institute  shall  be  as  follows; 

Proposed  Wording; 

The  entrance  fees,  payable  at  the  time  of  admission  to 
the  Institute  shall  be  as  follows. 

It  was  moved  by  Mr.  W.  M.  Hogg  and  seconded  by  Mr. 
' Self,  and  carried  that  this  Annual  General  Meeting 
' approves  the  amendment  to  Section  20,  Entrance  Fees, 

1 for  submission  by  letter  ballot  to  the  corporate 

membership. 

j (c)  Section  21 — Annual  Fees — Table  of  Fees 

This  matter  has  been  under  consideration  for  some 
time,  and  was  included  in  the  proposed  amendments 
I last  year.  Under  Minute  61/678  of  the  Council  Meet- 
ing on  September  23,  1961,  the  Chairman  of  the 
Finance  Committee  reported  that  the  membership  had 
not  accepted  the  proposal  to  increase  fees.  During 
the  discussion,  it  was  pointed  out  that  Council  could 
not  better  prepare  the  membership  for  this  increase, 
because  of  the  By-Law  requirement  for  ballots  to  be 
mailed  within  60  days  of  the  Annual  Meeting. 

It  was  moved  by  Professor  A.  C.  Davidson  and 
seconded  by  Mr.  R.  Harvey  Self  that  the  Institute 
fees  be  increased  to  the  proposed  new  rates  given 
below:  It  is  proposed  that  this  section  be  written  as 


1 follows  : 

j Present  Wording; 

All  other  Branch 

Montreal  Branch 

Residents 

Branch  Non-Residents 

Residents 

Members 

and  Non-Residents 

, $20.00 

$18.00 

$16.00 

i 

1 

Associate  Members 

1 9.00 

7.00 

6.00 

! 

Students 

2.00 

2.00 

2.00 

Affiliates 

21.00 

19.00 

17.00 

Honorary  Members  shall 

be  exempt  from  annual  fees. 

Proposed  Wording: 

Branch  Non-Residents 

All  Branch  Residents 

and  Non-Residents 

$24.00 

Fellows 

$22.00 

24.00 

Members 

22.00 

14.00 

Associate  Members 

12.00 

3.00 

Students 

3.00 

25.00 

Affiliates 

23.00 

Honorary  Members  shall  be  exempt  from  annual  fees. 

Mr.  Gray-Donald  questioned  whether  the  proposed 
fees  are  adequate.  Mr.  Martin  stated  that,  to  the  best 
knowledge  of  the  present  Finance  Committee,  it  is  be- 
lieved that  these  fees  are  adequate,  possibly  for  the 
next  five  years,  taking  into  account  normal  growth  of 
the  membership  and  substantial  increase  in  services. 

Mr.  Self  said  that  he  would  like,  on  behalf  of  the 
Council,  to  urge  everyone  to  go  back  to  their  branches 
and  support  this.  He  stated  that  Mr.  Martin  had  given 
a very  good  report  at  the  last  meeting  of  Council  in 
Toronto  and  at  the  Annual  Meeting  of  Council  on  June 
10th. 

Dr.  Porter  inquired  whether  the  addition  in  the 
fees  takes  into  account  the  possibility  that  the  Institute 
urgently  requires  a new  Headquarters  Building. 

Mr.  Martin  replied  that  a fee  of  $24.00  does  not 
take  into  account  a new  building  for  Headquarters. 
This  is  being  studied  by  the  Finance  Committee  at  the 
present  time  but  studies  are  not  sufficiently  advanced 
to  report  either  to  Council  or  to  the  annual  meeting. 

Dr.  Ballard  mentioned  that  for  the  information  of 
those  who  had  forgotten,  the  membership  fees  used  to 
be  $22.00  per  annum.  This  amount  included  the  sub- 
scription fee  to  the  Journal,  and  when  the  advertising 
policy  of  the  Journal  was  changed,  the  latter  was  dis- 
tributed free  to  the  membership,  since  it  was  expected 
that  it  would  be  self-supporting,  and  the  overall  fee 
was  reduced  accordingly.  The  new  fee  now  being  sug- 
gested is  only  $2.00  per  annum  more  than  that  of  a few 
years  ago. 

Mr.  Gooch  said  that,  as  a Montreal  member,  he  felt 
that  he  would  be  remiss  in  not  proposing  an  amend- 
ment to  the  motion  that  would  add  the  exception  that 
in  the  case  of  Montreal  members  an  additional  $2.00 
be  added.  Montreal  members  recognize  that  they  have 
certain  privileges  and  get  certain  additional  advantages 
by  membership  in  the  Institute.  They  have  had  this 
differential  in  the  past  and  feel  that  their  privileges 
are  going  to  be  none  the  less  in  the  future.  He  moved 
an  amendment  to  the  effect  that  Montreal  members  be 
charged  an  additional  $2.00  for  M.E.I.C  and 
A.M.E.I.C. 


Mr.  C.  G.  Kingsmill  seconded  this  motion. 

Mr.  Hobbs  asked  on  what  basis  the  $2.00  diffei’en- 
tial  for  Montreal  Branch  members  had  been  established. 
Mr.  Gooch  said  that  the  differential  could  not  be  cal- 
culated exactly,  but  that  this  was  the  figure  that  had 
been  used  in  the  past.  He  felt  that  it  was  a reasonable 
figure,  based  on  past  experience. 

Mr.  Martin  stated  that  in  placing  the  revised  fee 
schedule  before  Council,  and  which  was  approved  by 
Council,  he  felt  it  was  fair  that  the  meeting  should 
be  aware  of  the  thinking  behind  this.  The  present 
differential  takes  care  of  the  use  of  the  auditorium 
and  the  use  of  the  Library.  At  the  time  the  By-Law 
changes  were  proposed  it  was  not  known  whether  the 
Library  service  would  be  maintained  as  such.  Further- 
more, it  has  become  apparent  that  members  outside 
Montreal  are  making  much  more  frequent  use  than 
they  did  of  the  Library  in  the  past.  Regarding  the  use 
of  the  Auditorium,  most  of  this  space  has  been  taken 
over  for  administrative  purposes,  and  the  point  has 
been  reached  when  it  will  be  necessary  to  tell  the 
Branch  that  they  cannot  have  the  use  of  the  Audi- 
torium. For  these  reasons,  it  is  felt  that  it  would  be 
preferable  to  have  the  same  fees  all  across  Canada. 

Mr.  Kingsmill  appreciated  Mr.  Martin’s  remarks 
but  wondered,  if  this  is  so,  whether  the  rebates  to  the 
Montreal  Branch  would  not  increase  accordingly. 

Mr.  Martin  replied  that  20%  of  the  $2.00  per 
member  would  be  returned  to  the  Branch  as  a rebate 
and  the  Montreal  Branch  members  might  decide  that 
they  are  not  getting  the  additional  services  they  have 
been  paying  for. 

After  further  discussion,  the  amendment  to  the 
motion  regarding  an  additional  $2.00  for  Montreal 
Branch  members  was  defeated,  30  pro,  the  balance  of 
those  present  con. 

Dr.  Ballard  asked  whether  there  was  any  further 
discussion  on  Section  21. 

The  motion  to  accept  the  amendment  to  Section  21 
of  the  By-Laws  was  carried  unanimously,  that  this 
Annual  General  Meeting  approves  the  amendment  to 
Section  21,  Annual  Fees — Table  of  Fees,  for  submis- 
sion by  letter  ballot  to  the  corporate  membership. 
Nomination  and  Election  of  Officers 

(d)  The  procedure  in  the  present  By-Laws  for  the 
Nomination  and  Election  of  Officers  is  difficult  to 
follow.  A special  committee  appointed  by  Council 
studied  the  procedure  and  reported  to  the  Executive 
Committee  Meeting  of  August  18,  1951. 

After  approval  by  Council,  these  By-Law  changes 
are  based  on  the  report  of  the  Committee — Minute 
61/768. 

Section  37 — Election  of  Nominating  Committee — 

Present  Wording; 

"The  nomination  of  officers  of  the  Institute  shall  be 
made  by  a Nominating  Committee.  The  honorary  Coun- 
cillors shall  be  ex-officio  members  of  this  committee.  The 
remaining  members  shall  be  elected  annually  as  follows; 
Each  branch  shall  appoint  one  member,  and  additional  mem- 
ber appointed  by  the  Council  shall  be  chairman  of  the 
committee.  The  membership  of  the  committee  shall  be 
announced  at  the  Annual  General  Meeting.  Vacancies  in  the 
Nominating  Committee  as  announced  at  the  Annual  General 
Meeting  shall  be  filled  by  Council  from  the  nomination  or 
nominations  submitted  by  the  branch  in  which  the  vacancies 
occur." 

Proposed  Wording: 

"The  nomination  of  officers  of  the  Institute  shall  be 
made  by  a Nominating  Committee  composed  of; 

(A)  A representative  from  each  branch,  elected  annually 
by  the  branch. 

(B)  A representative  from  each  zone  appointed  by  Council 
from  members  of  Council  serving  the  final  year  of  a 
tour  of  duty  as  a Councillor. 

(C)  Honorary  Councillors. 

Categories  (B)  and  (C)  shall  be  concerned  only  with  Presi- 
dential nominees. 

Annually,  Council  shall  appoint  a Committee  member 
from  Category  (B)  to  act  as  Vice-Chairman  of  the  Nominating 
Committee  for  the  following  year,  even  though  he  may 
not  be  a Councillor  during  his  second  year  of  office.  Such 
appointments  shall  be  on  a zone-rotation  basis. 

The  Membership  of  the  Committee  shall  be  announced  at 
the  Annual  General  Meeting. 

Vacancies  in  the  Nominating  Committee  as  announced  at 
the  Annual  General  Meeting  shall  be  filled  by  Council  from 
the  nomination  or  nominations  submitted  by  the  branch  in 
which  the  vacancies  occur." 

It  was  moved  by  Mr.  Edgar  A.  Cross,  seconded 
by  Mr.  B.  Monaghan  and  carried  that  this  Annual 
General  Meeting  approves  the  amendment  to  Section 
37 — “Election  of  Nominating  Committee’’,  for  submis- 
sion by  letter  ballot  to  the  corporate  membership. 
Section  38— Meetings  of  Nominating  Committee 

It  was  proitosed  to  amend  Section  38,  as  follows: 
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Present  Wording: 

"The  Nominating  Committee  shall  meet  not  later  than 
the  first  of  August  to  nominate  officers  for  the  ensuing 
year.  Three  members  shall  constitute  a quorum,  and 
members  unable  to  be  present  may  vote  by  letter." 
Proposed  Wording: 

Delete. 

It  was  moved  by  Mr.  W.  M.  Hogg,  seconded  by  Mr. 
S.  Sillitoe,  and  carried  that  Section  38 — “Meetings  of 
Nominating  Committee”  be  deleted  from  the  By-Laws, 
for  submission  by  letter  ballot  to  the  corporate  mem- 
bership. 

Section  39 — List  of  Nominees  for  Officers 

It  was  proposed  that  Section  39  be  written  as 
follows  : 

Present  Wording: 

"The  Nominating  Committee  shall  prepare  a list  of 
nominees  for  officers,  which  shall  contain  the  names  of 
one  or  more  nominees  for  each  office  to  be  filled,  with 
the  exception  of  that  of  president  for  which  only  one 
name  may  be  submitted.  A vice-president  shall  be  elected 
by  vote  of  the  corporate  members  resident  within  the 
zone  for  which  he  is  a candidate.  One  vice-president  each 
shall  be  elected  from  Zones  A and  D and  two  vice-presi- 
dents each  from  Zones  B and  C.  One  of  the  vice-presidents 
for  Zone  C must  be  resident  within  twenty-five  miles  of 
the  Headquarters  of  the  Institute. 

A councillor  shall  be  elected  by  vote  of  the  corporate 
members  resident  within  the  branch  district  for  which 
he  is  a candidate.  The  list  of  nominees  for  officers  shall 
be  forwarded  by  the  Nominating  Committee  to  reach 
Headquarters  not  later  than  the  fifteenth  day  of  September, 
for  presentation  to  Council  at  a meeting  to  be  held  not 
later  than  the  thirtieth  day  of  September,  and  should  be 
accompanied  by  a letter  of  acceptance  of  nomination  from 
each  nominee. 

The  Council  shall  examine  the  list  of  nominees  for 
officers  submitted  by  the  Nominating  Committee.  If  the 
Council  finds  a nominee  ineligible  for  the  office  which 
he  is  nominated,  or  should  the  consent  in  writing  of  a 
nominee  to  appear  on  the  list  of  nominees  for  officers  not 
be  furnished  before  the  first  meeting  of  Council  in  October, 
or  should  any  nominee  after  such  consent  withdraw  his 
name,  such  name  shall  be  deleted,  and,  if  necessary,  the 
Council  shall  substitute  another  name  therefor.  The  words 
"Proposed  by  Nominating  Committee"  and  "Proposed  by 
Council"  shall  be  printed  conspicuously  on  the  list  of  nomi- 
nees for  officers,  to  indicate  the  manner  of  nomination  of 
all  nominees." 

Proposed  Wording: 

"The  Nominating  Committee  shall  prepare  a list  of 
nominees  for  officers,  which  shall  contain  the  names  of 
one  or  more  nominees  for  each  office  to  be  filled,  with 
the  exception  of  that  of  president,  for  which  only  one 
name  may  be  submitted. 

A vice-president  shall  be  elected  by  vote  of  the  cor- 
porate members  resident  within  the  zone  for  which  he  is  a 
candidate. 

Two  vice-presidents  shall  be  elected  from  Zone  A, 
three  from  Zone  B,  two  from  Zune  C and  one  from  Zone 
D.  One  of  the  vice-presidents  for  Zone  C must  be  resident 
within  twenty-five  miles  of  the  headquarters  of  the 
Institute. 

A councillor  shall  be  elected  by  vote  of  the  corporate 
members  resident  within  the  branch  district  for  which  he 
is  a candidate. 

Before  August  1st,  the  General  Secretary  shall  preoare 
an  initial  letter  to  the  members  of  the  Nominating  Com- 
mittee, notifying  them  of  the  vacancies  to  be  filled  and 
nominations  required. 

Branch  representatives  shall  submit,  by  September  30th, 
direct  to  the  Chairman  of  the  Nominating  Committee, 
nominations  for  Vice-Presidents  and  Councillors,  together 
with  letters  of  acceptance. 

Branch  representatives  shall  submit,  by  September  15th, 
to  their  zone  representative,  nominations  for  President. 
Zone  Representatives  shall  ensure  that  at  least  one,  and 
preferably  two  or  more,  nominations  for  President  (with 
biographies  and  branch  affiliations),  go  Forward  from  their 
zones,  by  October  15th,  to  the  Chairman  of  the  Nominat- 
ing Committee. 

The  Chairman  of  the  Nominating  Committee  shall 
immediately  send  a list  of  all  Presidential  nominees  (with 
biographies  and  branch  affiliations)  to  the  members  of  the 
Nominating  Committee  in  Categories  (b)  and  (c)  and,  at 
the  same  time,  establish  the  order  in  which  the  Presi- 
dential nominees  should  be  approached.  The  Nominating 
Committee  shall  submit  to  Council  for  examination,  the 
list  of  nominees  for  officers.  If  Council  finds  a nominee 
ineligible  for  the  office  for  which  he  is  nominated,  or 
should  the  consent  in  writing  of  a nominee  to  appear  on 
the  list  of  nominations  for  officers  not  be  furnished  be- 
fore the  meeting  of  Council  in  December,  or  should  any 
nominee,  after  such  consent,  withdraw  his  name,  such 
name  shall  be  deleted  and,  if  necessary.  Council  shall  sub- 
stitute another  name  therefore.  The  words  "Proposed  by 
Nominating  Committee'  and  "Proposed  by  Council"  shall 
be  printed  conspicuously  on  the  list  of  nominees  for  officers, 
to  indicate  the  manner  of  nomination  of  all  nominees." 

Mr.  Gray-Donald  stated  that,  in  view  of  the  action 
of  Council,  Minute  62/236,  increasing  the  number  of 
Vice-Presidents  in  Zone  C from  two  to  four;  two  being 
assigned  to  Montreal,  one  to  the  Eastern  portion  of 
Quebec,  including  Quebec  City  and  the  North  Shore, 
and  one  to  the  territory  between  Montreal  and  the 
Eastern  portion,  including  the  Eastern  Townships,  St. 
Maurice  Valley,  and  the  North  Shore;  and  Minute 


62/237,  increasing  number  of  vice-presidents  in  Zone 
D from  one  to  two,  the  additional  vice-presidents  being 
assigned  to  Newfoundland,  that  Paragraph  2 section 
39  should  be  amended  accordingly. 

It  was  moved  by  Mr.  Gray-Donald,  seconded  by  Mr. 
S.  Sillitoe,  and  carried  that  Paragraph  2 of  Section 

39  be  amended  to  read  as  follows; 

"A  vice-president  shall  be  elected  by  vote  of  the 
corporate  members  resident  within  the  zone  for  which  he 
is  a candidate.  Two  vice-presidents  shaii  be  elected  from 
Zone  A,  three  from  Zone  B,  four  from  Zone  C and  two 
from  Zone  D.  Two  vice-presidents  from  Zone  C must  be 
resident  within  twenty-five  miies  of  the  headquarters  of 
the  Institute." 

It  was  moved  by  Mr.  H.  A.  Mullins,  seconded  by- 
Mr.  J.  B.  Delage,  and  carried  that  this  annual  General 
Meeting  of  Council  approves  the  amendment  to  Section 
39,  as  amended — “List  of  Nominees  for  Officers”,  for 
submission  by  letter  ballot  to  the  corporate  membership. 
Section  40 — Publication  of  Nominations 

It  was  proposed  that  Section  40  be  written  as 
follows  : 

Present  Wording: 

"Not  later  than  the  seventh  day  of  November,  the 
secretary  shall  mail  to  each  corporate  member  of  the  Insti- 
tute, the  iist  of  nominees  for  officers,  as  prepared  by  the 
Nominating  Committee  and  the  Council." 

Proposed  Wording: 

"The  list  of  nominees  for  officers  shall  be  published 
in  the  Journal  of  the  Institute  not  later  than  the  January 
issue,  preceding  the  Annual  Meeting." 

It  was  moved  by  Mr.  Watt  and  seconded  by  Mr. 
J.  J.  Hanna  that  the  amendment  to  Section  40  be 
approved. 

It  was  moved  by  Mr.  Murphy,  seconded  by  Mr.  Self, 
and  carried  that  the  report  of  the  Nomination  Com- 
mittee be  printed  in  the  December  issue  of  the  Engi- 
neering Journal. 

Mr.  Hanna  asked  how  it  would  be  possible  to  mail 
the  list  of  nominees  to  the  membership  by  November 
7th  and  have  replies  back  in  time  for  publication  in  the 
December  issue  of  the  Journal. 

The  General  Secretary  replied  that  the  list  of  nomi- 
nations published  in  the  December  issue  are  nomina- 
tions from  the  Nominating  Committee. 

Mr.  Cameron  said  that  the  amendment  to  Section 

40  stated  “A  list  of  nominees  for  officers”,  not  “a 
list  of  nominations  of  the  nominating  committee.” 

It  was  moved  by  Mr.  Hanna,  seconded  by  Col, 
Capelle,  and  carried,  that  Section  40  should  state  “The 
list  of  nominees  for  officers  as  submitted  by  the  Nomi- 
nating Committee  and  approved  by  Council  shall  be 
published  . ”. 

The  original  motion  was  carried  and  it  was  there- 
fore resolved  that  the  amendment  to  Section  40 — 
“Publication  of  Nominations”,  as  amended,  be  approved 
for  submission  by  letter  ballot  to  the  corporate 
membership. 

Section  41 — Additional  Nominations 

It  was  proposed  that  Section  41  be  written  as 
follows  : 

Present  Wording: 

"Additional  nominations  for  the  list  of  nominees  for 
officers  signed  by  ten  or  more  corporate  members  and 
accompanied  by  written  acceptance  of  those  nominated,  if 
received  by  the  general  secretary  on  or  before  the  first 
day  of  December,  shall  be  accepted  by  the  Council  and 
shall  be  placed  on  the  officers'  ballot.  The  words  'Special 
Nomination'  shall  be  printed  conspicuously  near  such 
names,  and  the  names  of  the  members  making  such  nomi- 
nations shall  be  printed  on  some  part  of  the  officers' 
ballot." 

Proposed  Wording; 

"Additional  nominations  for  the  list  of  nominees  for 
officers  may  be  accepted  from  corporate  members  prior  to 
the  first  day  of  March.  Such  additional  nominations  shall 
be  signed  by  ten  or  more  corporate  members,  and  be 
accompanied  by  the  written  acceptance  of  those  nominated. 
These  additional  nominations  shall  be  sent  direct  to  the 
General  Secretary,  considered  by  Council,  and,  if  accepted, 
placed  on  the  officers  ballot.  The  words  'Special  Nomina- 
tion' shall  be  printed  conspicuously  near  such  names,  and 
the  names  of  members  making  such  nominations  shall 
be  printed  on  some  part  of  the  officers'  ballot." 

It  was  moved  by  Col.  A.  Archavsky  and  seconded 
by  Mr.  R.  N.  Boyd  that  this  amendment  be  approved. 

Mr.  E.  D.  Gray-Donald  stated  that  March  1st  was 
too  late  a deadline  for  additional  nominations,  and 
that  he  felt  it  would  be  preferable  to  change  this  to 
February  1st. 

It  was  moved  by  Mr.  Gray-Donald  and  seconded  by 
Professor  R.  E.  Chant  that  the  deadline  for  additional 
nominations  be  amended  to  February  1st. 

Mr.  Neilson  asked  what  were  the  reasons  behind 
this  amendment. 
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I The  General  Secretary  replied  that  the  thinking'  of 

: the  committee  was  that  if  the  membership  are  notified 

V of  nominations  not  later  than  the  7th  of  November, 

(the  date  of  December  1st  did  not  allow  sufficient  time 
for  additional  nominations. 

’ Mr.  Gray-Donald  said  that  since  Section  40  calls 

!|  for  publication  of  the  report  of  the  Nominating-  Com- 
! , mittee  in  the  December  issue  of  the  Engineering 
i . Journal,  he  felt  that  this  amendment  to  Section  41 
* ^ had  some  dependence  upon  Section  40. 

The  amendment  to  the  motion  was  carried,  with  ten 
opposing  votes. 

Di’.  Tait  drew  attention  to  the  clause  which  states 
that  “Such  additional  nominations  shall  be  signed 
by  ten  or  more  corporate  members,  and  be  accompanied 
by  the  written  acceptance  of  those  nominated.  These 
additional  nominations  shall  be  sent  directly  to  the 
General  Secretary,  considei-ed  by  Council,  and,  if 
accepted,  placed  on  the  officers’  ballot.”  He  said  this 
change  would  permit  Council  to  turn  down  a nomina- 
tion, even  though  it  was  signed  by  ten  corporate 
members. 

Dr.  Ballard  said  that  this  was  put  in  to  provide  for 
the  elimination  of  members  who  are  not  in  good 
standing. 

The  original  motion  was  carried,  with  four  votes  in 
opposition,  and  it  was  therefore  resolved  that  the 
amendment  to  Section  41 — “Additional  Nominations” 
be  approved,  as  amended,  for  submission  by  letter 
ballot  to  the  corporate  membership. 

Section  42 — Officers’  Ballot 

It  was  proposed  that  Section  41,  paragraph  3,  be 
amended  as  follows: 

Present  Wording: 

"In  the  event  of  only  one  name  being  submitted  for 
any  office  prior  to  December  1st,  Council  shall  declare 
that  nominee  elected  by  acclamation." 

Proposed  Wording: 

"In  the  event  of  only  one  name  being  submitted  for 
any  office  prior  to  the  first  day  of  March,  Council  shall 
declare  that  nominee  elected  by  acclamation." 

It  was  moved  by  Mr.  J.  J.  Hanna  and  seconded 
by  Mr.  Gray-Donald  that  the  amendment  to  Section  42 
be  approved. 

Mr.  Richmond  questioned  whether  there  were  any 
difficulties  involved  in  the  date  of  March  1st  and 
whether  it  would  not  be  preferable  to  change  this  to 
Februai'y  1st. 

The  General  Secretary  replied  that  from  the  point 
of  view  of  administration  and  operation,  February 
1st  would  be  preferable.  March  1st  is  rather  late  as  far 
as  printing  is  concerned,  but  Section  42  reads  “mailed 
at  least  30  days  before  the  Annual  General  Meeting”, 
which  would  leave  time  enough  before  the  Annual 
General  Meeting. 

It  was  moved  by  Mr.  E.  A.  Cross,  seconded  by  Mr. 
Murphy,  and  carried  that  the  amendment  to  Section 
42  be  amended  to  read  February  1st. 

The  original  motion  was  carried,  and  it  was  there- 
fore resolved  that  Section  42 — “Officers’  Ballot”,  as 
amended,  be  approved  by  this  Annual  General  Meeting 
for  submission  by  letter  ballot  to  the  corporate  member- 
ship. 

There  was  some  discussion  regarding  conflicting- 
dates  in  Sections  39,  40,  41,  and  42  as  amended,  and 
it  was  moved  by  Mr.  R.  H.  Self,  seconded  by  Mr. 
W.  M.  Hogg,  and  carried  that  this  Annual  General 
Meeting  approve  these  dates  in  principle  only  and 
that  the  problem  of  the  exact  dates  be  left  to  the 
Executive  Committee  of  the  Institute  to  decide  prior 
to  mailing  the  ballot  to  the  membership. 

(e)  Section  45 — Appointment  of  General  Secretary, 
Treasurer  and  Committees 

The  membership  of  Council  is  so  large  (91  mem- 
bers) as  to  be  difficult  to  assemble  and  slow  in  execu- 
tive action.  Rather  than  disturb  the  function  of  the 
Council  in  providing  a means  for  communication  both 
ways  between  each  branch  and  Council,  while  at  the 
same  time  speeding  up  the  handling  of  many  items  of 
Institute  business,  an  Executive  Committee  of  Council 
has  been  in  operation  on  a trial  basis  since  the  for- 
mation of  the  1960  Council.  This  action  was  taken  by 
resolution  of  Council.  Minute  61/780  requested  the 
By-Laws  Committee  to  prepare  appropriate  amend- 
ments to  provide  for  appointment  of  the  Executive 
Committee  along  the  lines  established  during  the  trial 
period. 

It  was  proposed  that  Section  45  be  written  as 
follows  : 


Present  Wording: 

"The  Council  shall  meet  within  seven  days  after 
its  election  and  shall  then  appoint  the  general  secre- 
tary, the  treasurer,  and  the  following  standing  com- 
mittees: 

A Finance  Committee  of  five  members,  including  the 
treasurer. 

The  Treasurer  shall  be  ex-officio  vice-chairman  of  the 
Finance  Committee. 

A Library  and  House  Committee  of  five  members. 

A Committee  on  Technical  Operations  of  at  least  six 
members. 

A Publication  Committee  of  five  members. 

A Legislation  Committee  of  three  members. 

An  Admissions  Committee  of  at  least  five  members,  three 
to  constitute  a quorum. 

The  chairman  of  each  standing  committee  shall  be  a 
member  of  the  Council. 

Standing  Committees  shall  perform  their  duties  under  the 
supervision  of  the  Council  and  shall  report  to  the  Council." 

Proposed  Wording: 

"There  shall  be  an  Executive  Committee  of  the 
Council  which  shall  be  composed  of  the  President,  the 
Vice-Presidents,  the  Immediate  Past-President,  the  Treas- 
surer,  and  the  Chairman  of  such  Standing  Committees  as 
shall  be  determined  from  time  to  time  by  Council.  Five 
members  of  the  Executive  Committee  shall  constitute  a 
quorum.  Members  of  Council  not  included  above  are  invited 
to  attend  meetings  of  the  Executive  Comrnittee  and  to 
offer  opinions,  but  will  not  vote.  The  Executive  Committee 
shall  meet  at  least  seven  times  during  the  Institute's 
year. 

The  Council  shall  meet  within  seven  days  after  its  election 
and  shall  then  appoint  the  general  secretary,  the  treasurer, 
and  the  following  standing  committees: 

A Finance  Committee  of  five  members  including^  the 
treasurer.  The  treasurer  shall  be  ex-officio  vice-chairman 
of  the  Finance  Committee. 

A -Library  and  House  Committee  of  five  members. 

A Committee  on  Technical  Operations  of  at  least  six 
members. 

A Publications  Committee  of  five  members. 

A -Legislation  Committee  of  at  least  five  members. 

An  Admissions  Committee  of  at  least  five  members,  three 
to  constitute  a quorum. 

A Committee  on  Branch  Operation  of  at  least  six  members. 
The  Chairman  of  each  standing  committee  shall  be  ex-officio 
a member  of  the  Council. 

Standing  Committees  shall  perform  their  duties  under  the 
supervision  of  the  Council  and  shall  report  to  the  Council." 

It  was  moved  by  Mr.  E.  A.  Cross,  seconded  by  Mr. 
R.  B.  Chandler,  and  carried  that  this  Annual  General 
Meeting  approves  the  amendment  to  Section  45 — 
“Appointment  of  General  Secretary,  Treasurer  and 
Committees”  for  submission  by  letter  ballot  to  the  cor- 
porate membership. 

(f)  Section  55 — Meeting  of  Council 

With  the  appointment  of  the  Executive  Committee, 
it  is  not  necessary  for  the  Council  to  meet  as  frequently 
as  was  the  former  practice. 

It  was  proposed  that  Section  55  be  written  as 
follows  : 

Present  Wording: 

"Council  shall  meet  at  least  once  every  two  months, 
from  October  to  May.  Additional  meetings  that  may  be 
deemed  necessary  to  conduct  properly  the  business  of  the 
Institute  shall  be  held  at  the  call  of  the  president. 

Five  members  shall  constitute  a quorum. 

Proposed  Wording: 

"Council  shall  meet  at  least  three  times  during  the 
Institute's  year  to  conduct  such  business  as  may  come 
before  it,  and  to  review  the  actions  of  the  Executive 
Committee. 

Ordinary  meetings  of  Council  shall  be  held  immediately 
before  the  Annual  General  Meeting,  immediately  after  the 
Annual  General  Meeting,  and  on  another  date  during  the 
year,  at  the  call  of  the  President. 

Extraordinary  meetings  may  be  held  at  any  time  at 
the  call  of  the  President,  or  on  the  written  request  of  ten 
councillors  addressed  to  the  General  Secretary.  He  shall 
give  seven  days'  notice,  and  shall  arrange  that  the  notice 
be  accompanied  by  an  agenda  and  necessary  documentation. 
Five  members  shli  constitute  a quorum." 

It  was  moved  by  Mr.  R.  H.  Self,  and  seconded  by 
Dr.  Tupper  that  the  amendments  to  Section  55  be 
approved. 

It  was  moved  by  Professor  Davidson  and  seconded 
by  Mr.  Boyd  that  Council  should  meet  at  least 
quarterly. 

After  discussion  the  motion  to  amend  the  amend- 
ment was  defeated,  26  pro,  the  balance  of  those  in 
attendance  con. 

The  original  motion  was  carried  with  no  dissenting 
votes  and  it  was  therefore  resolved  that  this  Annual 
General  Meeting  approves  the  amendment  to  Section 
55— “Meetings  of  Council”  for  submission  by  letter 
ballot  to  the  corporate  membership. 

(g)  Section  79 — New  By-Laws — Amendments — Repeal 
The  present  By-Law  does  not  allow  time  for  ex- 
planation, through  branch  meetings,  of  the  circum- 
stances and  background  of  letter  ballots.  Minutes  61 
678  and  61/679 — Council  Meeting-  of  September  23. 
1961. 

It  was  proposed  that  Section  79,  Paragraph  2. 
second  sentence,  be  written  as  follows: 
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Present  Wording: 

"The  general  secretary  shall  issue  the  letter  ballot 
not  later  than  two  months  after  the  Annual  General 
Meeting." 

Proposed  Wording: 

"The  General  Secretary  shall  issue  the  letter  ballot 
not  later  than  six  months  after  the  Annual  General 
Meeting." 

It  was  moved  by  Mr.  Gray-Donald,  seconded  by  Mr. 
Murphy,  and  carried  with  no  dissenting  votes,  that  this 
Annual  General  Meeting  approves  the  amendment  to 
Section  79 — “New  By-Laws — Amendments — Repeal’’ 
for  submission  by  letter  ballot  to  the  corporate  mem- 
bership. 

(h)  Discussion  Re  Ballot  for  Increase  in  Fees 

Further  to  the  discussion  that  took  place  on  the 
proposed  amendment  to  Section  21  of  the  By-Laws  with 
regal’d  to  the  increase  in  membership  fees,  concern  was 
expressed  regarding  the  timing  of  the  ballot,  since  it 
was  felt  that  the  two  month  requirement  for  the  ballot 
would  not  leave  sufficient  time  for  discussion  with  the 
Branches. 

It  was  moved  by  Mr.  R.  H.  Self  and  seconded  by 
Col.  W.  A.  Capelle,  that  in  this  particular  group  of 
by-law  changes  the  ballot  be  delayed  until  October  1, 
1962. 

After  considerable  discussion,  during  which  many 
members  expressed  the  desire  to  hold  the  ballot  on  by- 
law amendments  in  the  fall  of  the  year,  rather  than 
within  the  sixty  days  after  the  annual  general  meeting, 
as  prescribed  by  the  By-Law,  it  was  resolved,  with  five 
dissenting  votes,  that  subject  to  it  being  found  legal, 
the  Executive  Committee  be  instructed  to  conduct  the 
required  ballot  of  the  membership  regarding  the  pro- 
posed amendments  to  the  by-laws,  by  October  1,  1962. 

HONORS,  MEDALS  AND  PRIZES 

The  President  reported  that  the  Council  of  the 
Institute  had  unanimously  voted  that  certain  Honours, 
Awards  and  Medals  be  bestowed  by  the  Institute  as 
follows  : 

HONORARY  MEMBERSHIP 
Robert  S.  Eadie 
’ohn  Jeffery  Hanna 
Professor  Thomas  Richardson  Loudon 
Dr.  E.  W.  R.  Steacie 
Dr.  Donald  McGregor  Stephens 
JULIAN  C.  SMITH  MEDAL,  1961 
Thomas  Wardrope  Eadie 
Frederic  Hatheway  Peters 
THE  GZOWSKI  MEDAL,  1961 
Ernest  Francois  Pariset 
Mr.  Rene  Hausser 
THE  LEONARD  MEDAL,  1961 
T.  W.  Wlodek 

THE  PLUMMER  MEDAL,  1961 
Donald  S.  Scott 

THE  DUGGAN  MEDAL  AND  PRIZE,  1961 
Prof.  A.  Hrennikoff 
THE  R.  A.  ROSS  MEDAL,  1961 
Dr.  R.  C.  Langille 

THE  ROBERT  W.  ANGUS  MEDAL,  1961 
John  Young 

SIR  GEORGE  NELSON  AWARD,  1961 
K.  H.  Williamson 

CANADIAN  LUMBERMEN’S  ASSOCIATION  PRIZE, 
1961 

B.  Madsen 

THE  ERNEST  MARCEAU  PRIZE 
Guy  Laberge 

REPORT  ON  ELECTION  OF  NEW  OFFICERS 
Report  : 

The  President  said  that  a new  President,  and  the 
appropriate  number  of  Councillors  were  elected  at  the 
September  23  and  October  28,  1962  meetings  of  Coun- 
cil in  accordance  with  the  By-Laws,  as  follows: 

PRESIDENT,  1962-63— 

Mr.  F.  L.  Lawton,  M.E.I.C. 
COUNCILLORS 
Elected  for  three  years,  1962-65 

Montreal  Marc  Benoit 

Redmond  Kane 
H.  A.  Mullins 
Ottawa  G.  B.  Williams 

Toronto  W.  L.  Hutchinson 

Elected  for  two  years,  1962-64 

Calgary  F.  L.  Perry 


Cape  Breton 

Vincent  Palmer 

Cornwall 

B.  T.  Yates 

Edmonton 

A.  Sandilands 

Halifax 

H.  A.  Marshall 

Hamilton 

W.  A.  Wheten 

Huronia 

F.  A.  Alport 

Kitchener 

J.  Runge 

Lethbridge 

R.  D.  Hall 

Moncton 

W.  M.  Steeves 

Niagara  Peninsula 

A.  G.  Asplin 

Peterborough 

D.  A.  Lamont 

Quebec 

P.  A.  Dupuis 

Northern 

New  Brunswick 

No  nominee 

Northern 

Nova  Scotia 

No  nominee 

Sarnia 

H.  V.  Page 

Saskatchewan 

R.  Ludwig 

Sault  Ste.  Marie 

W.  M.  Hogg 

Vancouver 

J.  H.  Swerdfeger 

Winnipeg 

L.  A.  Bateman 

The  President  introduced  Mr.  F.  L.  Lawton,  of 
Montreal,  the  Institute’s  new  President  for  1962-63 
to  the  meeting. 

Mr.  Lawton  said  he  was  sure  he  could  speak  for 
the  incoming  officers  and  the  members  of  Council  in 
expressing  their  appreciation  of  the  confidence  which 
has  been  placed  in  them.  They  can  foresee  an 
extremely  heavy  responsibility  before  them  during  the 
ensuing  year  and  realize  they  will  have  very  serious 
decisions  to  make.  He  said  they  would  endeavour  to 
meet  their  responsibilities  to  the  best  of  their  ability 
and  he  knew  they  could  count  on  the  support  of  the 
membership.  He  said  they  would  do  everything  they 
could  to  ensure  that  the  Institute  continues  to  expand 
and  improve. 


CONFEDERATION 

(a)  Dr.  Ballard  reported  that  during  the  past 
year  the  Executive  Committee  of  the  Institute  held 
several  meetings  with  the  Executive  Committee  of  the 
Canadian  Council  of  Professional  Engineers.  Both 
of  these  groups  have  suggested  certain  modifications 
regarding  the  Final  Report  of  the  Engineers  Con- 
federation Commission.  Several  provincial  associations 
have  gone  on  record  as  being  in  favour  of  the  adop- 
tion of  the  report,  but  these  do  not  include  the  three 
more  populous  provinces. 

The  E.I.C.  and  C.C.P.E.  have  not  been  able  to 
come  to  an  agreement,  partly  because  the  C.C.P.E., 
through  no  fault  of  its  own  had  been  unable  to  speak 
for  all  of  its  constituent  bodies.  Consequently,  decisions 
had  to  be  delayed  until  the  conclusion  of  the  annual 
meeting  of  C.C.P.E.,  held  May  9,  10,  11,  1962. 

(b)  Dr.  Ballard  called  upon  Mr.  Antenbring  to 
summarize  the  present  situation  regarding  Confedera- 
tion. 

Mr.  Antenbring  said  that  it  would  be  difficult  to 
summarize  in  a few  minutes  all  that  has  transpired 
during  the  past  year.  Following  the  annual  meeting  of 
C.C.P.E.,  a joint  meeting  was  held  in  Montreal  on 
Saturday,  June  9th  with  attendance  limited  to  four 
representatives  of  E.I.C.  and  four  of  C.C.P.E. 

This  meeting  was  the  culmination  of  several  joint 
meetings  which  have  been  held  since  the  1961  annual 
general  meeting  of  the  Institute.  The  first  of  these 
meetings  was  held  in  Ottawa  on  July  13,  1961  at  which 
it  was  proposed  that  C.C.P.E.  and  E.I.C.  would  study 
the  Report  of  the  Engineers  Confederation  Commis- 
sion and  suggest  any  change  they  thought  fit. 

Meanwhile,  throughout  the  country  interest  was 
created  and  many  discussions  were  held. 

A further  joint  meeting  was  held  in  Montreal  on 
December  15,  1961,  to  discuss  any  major  points  of 
difference.  Little  was  accomplished  because  nothing 
was  brought  forward  by  C.C.P.E.  in  the  way  of  con- 
crete proposals,  C.C.P.E.  being  unable  to  speak  for  its 
constituent  bodies  at  that  time. 

At  the  joint  meeting  held  on  June  9,  the  representa- 
tive of  the  C.C.P.E.  introduced  definite  proposals  for 
discussion.  On  this  basis  and  with  a friendly  attitude, 
two  groups  tried  to  find  some  common  ground  for 
agreement.  Some  of  the  proposals  presented  by 
C.C.P.E.  with  which  the  E.I.C.  was  basically  in  dis- 
agreement were: 

1.  Under  the  new  arrangement,  branches  of  the 
Institute  would  come  under  the  jurisdiction  of  the 
provincial  associations. 


If 

3, 
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2.  Dues — Figures  show  that  the  new  registration 
could  not  operate  on  the  proposed  fees  of  $12.50.  A 
closer  estimate  would  be  $18.00  C.C.P.E.  felt  that 
members  of  the  provincial  associations  would  not  agree 
to  more  than  $10.00  per  year  in  addition  to  the  present 
association  fee. 

3.  The  funds  which  the  E.I.C.  would  have  to  con- 
tribute to  the  organization  would  probably  be  expended 
in  about  a year,  and  the  basic  agreement  would  be  on 
the  basis  of  three  years. 

4.  There  was  a strong  feeling  on  the  part  of 
several  of  the  provincial  associations  that  there  should 
be  no  compulsion  for  their  members  to  join  C.I.PE. 
However,  the  Commission  report  states  that  E.I.C. 
members  must  join  a provincial  association  to  be  elig- 
ible for  membership  in  the  C.I.P.E. 

This  was  the  type  of  subject  which  was  discussed 
at  the  meeting  and  no  agreement  was  reached  on  any 
of  them.  This  is  probably  because  basically,  the  two 
organizations  are  vastly  ditferent,  with  different  objec- 
tives, organization  and  administration. 

The  result  of  the  meeting  was  that  both  bodies  came 
to  the  conclusion  that  further  negotiations  were  point- 
less and  that  the  time  had  come  to  obtain  the  opinion 
of  their  memberships.  It  was  agreed  by  the  repre- 
sentatives of  C.C.P.E.  and  the  E.I.C.  to  recommend 
to  their  Councils  that  a letter  ballot  regarding  the 
acceptability  of  the  Pinal  Report  of  the  Engineers 
Confederation  Commission  be  taken  of  their  respec- 
tive memberships,  at  the  same  time.  Accompanying  the 
letter  ballot  will  be  a statement  of  “pros  and  cons” 
regarding  it,  plus  a statement  of  the  opinion  of 
Council.  This  will  not  be  a joint  statement,  and  each 
Council  is  free  to  prepare  its  own  statement  inde- 
pendently. 

This  action  was  approved  at  the  Annual  Meeting 
of  Council  held  on  June  10,  1962. 

(c)  It  was  moved  by  Mr.  Antenbring,  seconded 
by  Mr.  R.  Harvey  Self,  and  carried  unanimously  that 
this  Annual  General  Meeting  of  the  Engineering 
Institute  of  Canada  authorize  the  Council  of  the  E.I.C. 
or  the  Executive  Committee  of  Council  to  proceed  to 
ballot  the  membership  regarding  the  Final  Report  of 
The  Engineers  Confederation  Commission  as  pub- 
lished in  the  “Engineering  Journal”,  September,  1961. 
The  ballot  to  be  mailed  to  all  members  at  the  appro- 
priate time  to  comply  with  the  wishes  of  both  E.I.C. 
and  C.C.P.E.  namely,  that  the  memberships  of  both 
bodies  be  balloted  at  the  same  time.  The  foregoing 
is  subject  to  all  of  the  constituent  associations  and 
corporation  of  the  C.C.P.E.  agreeing  to  hold  such  a 
ballot. 

(d)  It  was  further  resolved  that  the  necessary 
explanatory  note  be  included  with  the  ballot,  bringing 


to  the  attention  of  the  members  the  important  issues 
to  be  considered,  all  in  accordance  with  usual  E.I.C. 
practice,  and  setting  forth  Council’s  opinion  of  the 
report. 

VOTE  OF  THANKS 

It  was  moved  by  Past-President  V.  A.  McKillop, 
seconded  by  Mr.  A.  E.  Cross,  and  carried  with  accla- 
mation, that  a hearty  vote  of  thanks  be  accorded  to 
the  retiring  President,  Vice-Presidents  and  Members 
of  Council  in  appreciation  of  the  work  they  have  done 
for  the  Institute  during  the  past  year. 

ANNOUNCEMENTS  AND  RESULT  OF 
OFFICERS’  BALLOT 

(a)  Dr.  Ballard  called  upon  Mr.  Roger  Harvey, 
Chairman  of  the  Committee  of  Scrutineers,  to  report 
on  the  canvass  of  the  officers’  Ballot.  On  receipt  of  the 
report,  the  President  declared  that  the  following  are 
elected  Vice-Presidents  of  the  Institute  for  1962-64: 


J.  B.  Mantle, 

Saskatoon,  Sask. 

George  Humphries, 

London,  Ontario 
J.  S.  Waddington, 

Brockville,  Ont. 

Gaétan  Cote, 

Sherbrooke,  Que. 

Georges  Demers, 

Quebec,  Que. 

J.  J.  Rowan, 

Montreal,  Que. 

S.  Carew, 

St.  John’s,  Nfld. 

(b)  It  was  moved  by  C.  G.  Southmayd,  seconded 
by  Mr.  R.  N.  Boyd,  and  carried  that  the  ballots  cast 
in  the  election  of  Vice-Presidents  for  1962-64  be 
destroyed. 

MOTION  OF  ADJOURNMENT 

It  was  moved  by  Col.  W.  A.  Capelle,  seconded  by 
Brig.  A.  B.  Connely,  and  carried,  that  the  Seventy- 
Sixth  Annual  General  Meeting  of  the  Engineering 
Institute  of  Canada  be  adjourned. 

The  meeting  adjourned  at  12:00  noon. 

B.  G.  BALLARD,  hon.  m.e.i.c. 
President 


Zone  “A” 
Zone  “B” 

Zone  “C” 

Zone  “D” 


GARNET  T.  PAGE,  m.e.i.c. 
General  Secretary 
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FSBER-AIRE  CENTRIFUGAL 
WALL  VENTILATOR 

This  Fiberglas*  unit  with  its 
new  molded-in  fawn  tan  colour 
blends  perfectly  with  most  brick 
and  other  external  wall  colours 
— exhausts  fumes  away  from 
the  building  — attractive,  quiet 
and  rugged.  The  perfect  unit  for 
restaurants  and  hotel  kitchens. 
From  235  to  2,415  C-F.M.  capa- 
cities. 


UNIT  MOUNTED  ON  BRICK  WALL 


FIBER-AIRE  WHIRLOUT 

Especially  designed  for  restaurants 
and  commercial  kitchens  — exhausts 
greasy  fumes  up  and  away  from  the 
roof.  Moulded-in  Sky  Blue  Fiberglas* 
housing  is  fire-resistant.  In  case  of 
duct  fire  will  not  melt  or  drop  motor 
through  the  duct  into  deep  fat  friers 
or  cooking  ranges  as  other  ventilators 
could-  From  370  to  2.350  C.F.M.  capa- 
cities. 


Swartwout 


COMMERCIALAND  INDUSTRIAL  VENTILATION  EQUIPMENT  MANU- 
FACTURED IN  CANADA. 


THE  COMBINATION  OF  SWARTWOUT  DESIGN  AND  ROSCO  MANU- 
FACTURE BRINGS  YOU  THE  FINEST  IN  GRAVITY  AND  POWERED 
VENTILATION  EQUIPMENT. 


Combine  ventilation  with  skylighting  to  save 
money,  time  and  space.  Available  in  two  different 
models;  Lite-’n-Aire  Airmover  and  Lite-’n-Aire 
Heat  Valve-  Both  styles  available  with  either 
LITE-'n-AIRE  HEAT  VALVE  molded  Fiberglas*  or  metal  dampers  and  gutters. 


LITE-'n-AIRE 

AIRMOVER 


*TM  — Owois  Corning  Fiberglas  Corporation. 

Write  for  brochures  and  information  to  your  nearest  Rosco  office. 

ROSCO  METAL  PRODUCTS  LTD. 

TORONTO  • MONTREAL  • OTTAWA  • LONDON  • QUEBEC  • HALIFAX 
WINNIPEG  • CALGARY  • EDMONTON  • VANCOUVER 

An  All-Canadian  Organization 


Low-Line  Relief.  Economi- 
cal low  contour  ventilators. 


Sky-Lite  Pyrojector  — 
this  unit  which  features 
emergency  relief 
lighting  opens 
tically  in  case  of  1 
explosion. 


Fiber- Aire  — indestruct- 
ible molded-in  Sky  Blue 
Fiberglas*  housing  is  vir- 
tually impervious  to 
weather,  salt  spray,  chemi- 
cals and  fumes.  Direct 
drive,  belt  drive  and  axial 
units  available. 


Insta-Curb  — high  qual- 
ity prefabricated  roof  curb 
for  fast  installation  — no 
sharp  corners  to  tear  roof- 
ing materials  — wood  top 
with  all  welded  steel  con- 
struction. 


Airlouver  — adjustable  ' 
or  fixed  in  any  size  single 
units  or  multiple  assem- 
blies — weatherproof. 
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PLUG  DISC.  Recommended  for  the  most 
severe  services  where  close  throttling  is 
necessary  and  lasting  tightness  is  essen- 
tial. Plug  disc  and  seat  are  made  from 
nickel  alloy  or  500  Brinnell  stainless 
steel  as  specified.  Offers  greatest  resist- 
ance to  galling,  cutting,  abrasion,  andl 
corrosion.  Seat  rings  and  discs  may  be 
reground  or  renewed  as  required. 


BEVEL  DISC.  Made  of  bronze  or  nickel 
alloy  for  specific  services.  Accurate  rela- 
tionship of  disc  and  seat  assures  contin- 
uous tightness  under  severe  conditions 
and  frequent  operation.  Can  be  reground 
without  removing  valve  from  the  line. 
Discs  and  seat  rings  are  renewable. 


Jenkins  improved  300  ib.  valves  lead  a long  and  active  life 


Wear  resistance  of  Jenkins  300  lb.  bronze  globe  and 
angle  valves  now  surpasses  even  previous  levels.  The 
elongated  bonnet  increases  spindle  engagement  and 
so  produces  less  stress.  The  spindle  threads  them- 
selves are  finer  to  allow  closer  flow-control,  and  the 
deepened  packing  box  provides  a tighter  seal  with 
less  friction  on  the  spindle.  These  refinements  mean 
a longer,  more  active  life — even  under  the  most 
adverse  conditions — and  close  control  of  steam  and 
other  fluids. 

To  meet  the  needs  of  any  installation,  Jenkins  pro- 
duces a full  range  of  these  300  lb.  valves  with  full  port 
bevel  seat  or  throttling  type  plug  seat,  flanged  or 
threaded  ends,  and  bronze,  nickel  alloy  or  500  Brinnell 


stainless  steel  seating  combinations.  Ask  your 
Jenkins  representative  for  complete  specifications  on 
Jenkins  300  lb.  bronze  valves.  Jenkins  Bros.,  Limited, 
Lachine,  Que. 
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Canadian  Developments 


Thermal  capability  is  expected  to  grow 
at  the  yearly  rate  of  14.5  per  cent  in 
the  forecast  peripd  compared  with  17.1 
per  cent  in  the  previous  period.  Hydro- 
electric capability  is  expected  to  increase 
at  3.3  per  cent  per  year  compared  with 
8 per  cent  in  the  previous  10  years. 
Most  of  the  thermal  increase  will  be  in 
steam  plants,  a small  growth  in  gas 
turbines,  while  internal  combustion 
plants  will  be  virtually  unchanged. 

The  first  nuclear  capability  is  forecast 
for  1965  although  this  may  be  postponed 
due,  to  construction  delays,  or  bringing 
the  plant  into  line  because  of  its 
pioneering  nature.  The  nuclear  capa- 
bility does  not  inclulfe  the  20,000  kw. 
plant  at  Rolphton,  Ont.  This  is  an  • 
experimental  plant  and  is  not  considered 
part  of  capability. 


ELECTRIC  POWER  AVAILABLEh  BY  PROVINCES 


monthly 
averages 
or  months 

Canada 

Nfld. 

P.E.l. 

N.S. 

N.B. 

Que, 

Ont. 

Man. 

Sask. 

Alta. 

B.C. 

million  kilowatt  hours 

r.  . 

, 

' ' 

1960 

9,076 

116 

7 

143 

139 

3,658 

3,082 

379 

139 

288 

1,111 

1961 

9,203 

113 

7 

148 

149 

3,630 

3,185 

397 

154 

316 

1,087 

1960  .1 

9,508 

123 

7 

152 

143 

3,734 

3,281 

429 

152 

311 

1,163 

F 

9,110 

120 

6 

142 

135 

3,640 

3,132 

400 

140 

290 

1,093 

M 

9,725 

127 

7 

153 

143 

3,904 

3,326 

422 

146 

305 

1,180 

A 

8,987 

114 

6 

140 

134 

3,682 

3,044 

377 

127 

267 

1,081 

M 

8,858 

116 

6 

136 

139 

3,550 

3,059 

352 

127 

267 

1,094 

.1 

8,599 

111 

6 

132 

140 

3,485 

2,936 

337 

122 

264 

1,053 

J 

8,422 

111 

6 

129 

129 

3,474 

2,816 

319 

122 

259 

1,042 

A 

8,708 

115 

6 

137 

133 

3,603 

2,903 

335 

133 

270 

1,058 

S 

8,824 

112 

6 

136 

131 

3,580 

2,938 

418 

133 

278 

1,077 

0 

9,206 

118 

7 

146 

137 

3,767 

3,077 

361 

140 

291 

1,146 

N 

9,275 

116 

7 

153 

155 

3,686 

3,145 

367 

154 

311 

1,165 

D 

9,686 

112 

8 

158 

154 

3,793 

3,326 

428 

172 

337 

1,183 

1961  .1 

9,808 

117 

8 

157 

L52 

3,809 

3,367 

452 

172 

334 

1,224 

F 

8,891 

104 

7 

150 

129 

3,520 

3,022 

382 

148 

303 

1,111 

M 

9,668 

113 

7 

154 

142 

3,861 

3,267 

401 

155 

319 

1,232 

A 

9,087 

107 

7 

144 

139 

3,646 

3,097 

374 

141 

289 

1,128 

M 

9,297 

114 

7 

145 

145 

3,712 

3,166 

397 

144 

297 

1,155 

.1 

8,586 

112 

6 

138 

143 

3,354 

3,053 

361 

137 

292 

974 

.1 

8,313 

108 

7 

134 

146 

3,394 

2,946 

350 

142 

279 

791 

A 

8,615 

124 

7 

137 

146 

3,514 

3,030 

370 

149 

297 

826 

S 

8,772 

104 

7 

145 

152 

3,477 

3,103 

376 

150 

308 

935 

0 

9,543 

113 

8 

156 

164 

3,714 

3,282 

403 

155 

332 

1,199 

N 

9,713 

119 

9 

156 

159 

3,717 

3,374 

419 

165 

348 

1,229 

D 

10,139 

121 

9 

159 

169 

3,846 

3,516 

473 

195 

389 

1,243 

1962  J 

10,428 r 

122 

9 

168 

166 

3,964 

3,628 

483 

197 

387 

1,283. 

F 

9,510, 

120 

8 

152 

149 

3,651 

3,304 

427 

177 

351 

1,152. 

M 

10,156, 

133 

8 

165 

165 

3,900 

3,521 

440 

180 

368 

1,257. 

A 

9,472 

116 

8 

153 

152 

3,685 

3,284 

408 

148 

312 

1,191 

M 

9,727 

136 

7 

160 

161 

3,804 

3,329 

427 

157 

332 

1,197 

'Total  net  generation  less  net  exports.  Source:  Electric  Power  Statistics,  (57-001),  D.B.S. 


POWER  IN  CANADA 

During  1961  Canada  once  again  in- 
creased its  capability  to  produce  electric 
power,  but  the  increase  was  the  smallest 
in  recent  years.  The  increase  was  248,000 
kw.  to  22,628,000  kw.  This  is  only  1.1 
per  cent. 

These  figures  came  from  the  Eighth 
Annual  Electric  Power  Survey  of  Capa- 
bility and  Load  conducted  by  the 
Dominion  Bureau  of  Statistics  and  in- 
inchide  only  producers  which  generate 
10  million  kwh.  or  more  per  year. 

The  1961  increase  was  small,  and  the 
five-year  forcast  to  1965  is  only  about 
63  per  cent  of  the  compound  growth 
rate  between  1951  and  1960.  The  fore- 
cast years  1961-65  indicate  a compound 
growth  rate  of  5.76  per  cent  compared 
with  9.2  per  cent  for  19.51-60. 


Switch  yard  installation  at  Powell  River 
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Ghost  Dam  on  Bow  River 


The  forecast  of  generating  capacity  for 
1961  was  367,000  kw.  higher  than  was 
achieved.  Reasons  for  this  included  the 
fact  that  65,000  kw.  thermal  capacity 
was  out  of  service  at  the  time  of  the 
survey,  and  that  there  was  a delay  until 
1962-64  in  the  completion  of  some 
plants.  Ontario,  Manitoba  and  Alberta 
were  significantly  below  the  forecast, 
while  British  Columbia  e.xceeded  it. 

The  largest  absolute  growth  in  gener- 
ating capability  for  the  forecast  years  is 
indicated  for  Ontario  (2,135,000  kw.), 
Quebec  (1,616,000  kw.),  British  Columbia 
(582,000  kw.),  and  Alberta  (451,000  kw.). 
Whereas  Quebec  will  meet  most  of  the 
increased  generating  capability  by  add- 
ing more  than  1,300,000  kw.  in  hydro 
capability  and  200,000  kw.  thermal, 
Ontario  plans  to  increase  its  capability 
by  adding  1,750,000  thermal,  including 


200,000  kw.  nuclear,  and  only  385,000 
kw.  hydro.  British  Columbia  plans  to 
add  466,000  kw.  thermal  and  110,000 
kw.  hydro. 

Firm  power  peak  loads  have  not 
shown  the  same  change  in  rate  of 
growth  as  generating  capability.  In  the 
1950’s  the  growth  rate  of  firm  power 
peak  load  in  Canada  was  7.5  per  cent. 
This  compares  with  a forecast  rate  of 
growth  of  6.2  per  cent. 

As  a result  the  indicated  reserve  is 
expected  to  decline  in  1963  and  1964 
from  the  1962  total  of  4,551,000  kw., 
then  rise  to  4,780,000  kw.  in  1965.  The 
indicated  reserve  is  forecast  to  decline 
to  15.2  per  cent  in  1964  and  rise  in 
1965  to  20.3  per  cent. 

Firm  energy  requirements  increased 
2.7  per  cent  for  1961  to  105,076,000,000 
kwh.  compared  with  a growth  of  7.3  per 


cent  in  the  previous  10-year  period,  and 
a forecast  growth  rate  of  6.6  per  cent  for 
the  1961-65  period.  All  provinces  except 
British  Columbia  shared  in  the  current 
increase.  The  forecast  for  firm  energy 
requirements  made  last  year  was  some 
2,500  million  kwh.  higher  than  was 
actually  attained. 

At  the  same  time  firm  energy  require- 
ments were  increasing,  there  was  a 
reduction  in  the  level  of  net  exports 
(exports  minus  imports)  to  the  United 
States  and  lower  deliveries  of  secondary 
energy.  This  combined  with  a long  shut- 
down of  the  Kitimat  plant  of  the  Alumi- 
num Company  of  Canada  Limited  in 
British  Columbia,  and  changed  hydraulic 
conditions  in  certain  parts  of  the  country 
caused  a sliglit  reduction  in  net  genera- 
tion to  113,271,000,000  kwh.— the  first 
decline  since  1947. 


TOTAL  ELECTRIC  POWER 


monthly 
averages 
or  months 

net  generation 

net  exports'' 

available' 

hydraulic^ 

thermal'^ 

total'- 

utilities'^ 

industries'^ 

total 

'primary 

secondary'- 

million  kilowatt  hours 

1960 

8,814 

689 

9,503 

7,415 

2,088 

427 

9,076 

8,471 

605 

1961 

8,639 

796 

9,435 

4,422 

2,013 

232 

9,203 

8,709 

494 

1960  F 

8,790 

654 

9,444 

7,401 

2,043 

334 

9,110 

8,410 

700 

M 

9,320 

752 

10,071 

7,821 

2,250 

346 

9,725 

8,961 

765 

A 

8,811 

600 

9,411 

7,296 

2,115 

424 

8,987 

8,287 

700 

M 

8,765 

603 

9,369 

7,392 

1,977 

510 

8,858 

8,275 

584 

J 

8,557 

578 

9,135 

7,165 

1,970 

536 

8,.599 

8,027 

572 

J 

8,477 

579 

9,057 

7,047 

2,009 

635 

8,422 

7,882 

540 

A 

8,643 

683 

9,326 

7,212 

2,115 

618 

8,708 

8,172 

536 

S 

8,521 

735 

9,256 

7,165 

2,091 

432 

8,824 

8,297 

527 

0 

8,784 

794 

9,578 

7,423 

2,154 

371 

9,206 

8,636 

571 

N 

8,812 

778 

9,591 

7,475 

2,116 

216 

9,275 

8,751 

524 

D 

9,096 

818 

9,914 

7,758 

2,156 

224 

9,686 

9,138 

548 

1961  J 

9,096 

893 

9,989 

7,810 

2,179 

181 

9,808 

9,243 

565 

F 

8,156 

861 

9,018 

7,002 

2,016 

126 

8,891 

8,430 

461 

M 

9,030 

837 

9,867 

7,599 

2,269 

199 

9,668 

9,071 

597 

A 

8,732 

687 

9,419 

7,318 

2,101 

332 

9,087 

8,522 

565 

M 

8,988 

701 

9,689 

7,604 

2,085 

393 

9,297 

8,673 

624 

J 

8,276 

630 

8,906 

7,021 

1,885 

320 

8,586 

8,228 

358 

J 

7,978 

665 

8,643 

6,941 

1,701 

330 

8,313 

7,888 

425 

A 

8,066 

767 

8,833 

7,077 

1,755 

217 

8,615 

8,214 

401 

S 

8,169 

824 

8,993 

7,203 

1,790 

221 

8,772 

8,341 

431 

0 

8,882 

855 

9,737 

7,645 

2,092 

194 

9,543 

9,058 

485 

N 

8,949 

897 

9,846 

7,737 

2,110 

133 

9,713 

9,233 

479 

D 

9,349 

929 

10,279 

8,102 

2,176 

139 

10,139 

9,607 

533 

1962  J 

9,424r 

1,169 

10,593r 

8,355 

2,238r 

166 

10,428r 

9,877, 

551 

F 

8,607  r 

1,013 

9,620r 

7,573 

2,047r 

112 

9,510r 

8,964, 

545 

M 

9,307r 

992 

10, 299 r 

8,099 

2,201r 

143 

10,156r 

9,570, 

586 

A 

8,935 

743 

9,678 

7,625 

2,053 

206 

9,472 

8,921 

552 

M 

9,250 

749 

9,999 

8,011 

1,988 

272 

9,727 

9,153 

573 

'These  totals  inehide  all  Kcneratinn  aKencie.s  prodiicinn  over  ten  million  Ulowatt  hours  per  year.  “Tho.se  oolninn.s  inehulo  all  gonoratinii  utilities  and 

Kcnerating  industries  resi)e(dively,  produciiiK  over  ten  million  kilowatt  ho\irs  per  year.  ■’Less  imports.  'Total  net  generation  less  net  eximrts.  "Mainly  the 
amount  used  in  electric  boilers.  Sources:  Electric  Power  Statistics.  (57-001  ).  D.B.S. 
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Personals 


J.  C.  Waddell  has  been  appointed  Vice 
President  of  Administration  at  Liquid 
Carbonic  Canadian  Limited.  C.  Berntson 
has  been  named  Vice  President  in  charge 
of  sales,  CO-2  Divi,sion  with  the  com- 
pany. Both  men  will  have  headquarters 
at  the  company’s  Montreal  office. 


J.  C.  Waddell  C.  Berntson 


E.  G.  Townsend  has  been  appointed 
Manager,  PItilities  and  Industrial  Sales 
for  the  Quebec  District,  at  Canadian 
General  Electric  Company.  Mr.  Towns- 
end has  been  associated  with  the  com- 
pany since  1927.  A.  H.  Du  Chene  has 
been  named  Manager,  Construction  and 
General  Supply  Sales.  For  the  past  nine 
years  Mr.  Du  Chene  has  been  Manager 
of  the  Wholesale  Department’s  Branch 
office  in  Quebec  City.  P.  E.  St.  George 
has  been  appointed  Manager  of  the  Que- 
bec Branch  office. 

Paul  T-  Hutchison  lias  been  appointed 
sales  .supervisor  for  tlie  Toronto  Branch 
Industrial  Products  Group  of  Honeywell 
Controls  Limited.  Mr.  Hutchison  will  be 
responsible  for  the  co-ordination  of  ac- 
counts, marketing  programs  and  sales 
training.  Other  appointments  at  Honey- 
well inclndes  those  of  Harvey  E.  Allan 
who  will  be  responsible  for  industrial 
instrument  sales  in  Toronto,  and  Douglas 
W.  Burns  who  will  handle  sales  in 
the  Guelph,  Hamilton,  Kitchener  areas. 
John  Kent  will  be  responsible  for  indus- 
trial sales  to  the  pulp  and  paper  indu.stry 
in  the  Ottawa  Valley,  Montreal  and  New 
Brunswick  regions. 

Harvey  E.  Douglas,  A.Ar.E.i.c.  (N.S.T.C. 
’60)  has  joined  the  sales  staff  of  the 
Industrial  Products  Group,  Honeywell 
Controls  Limited,  Toronto  Office. 


William  D.  Garrick  has  been  appointed 
General  Manager  of  Dominion  Bridge’s 
Alberta  Branch.  Mr.  Garrick  will  as.sume 
responsibility  of  the  company’s  plants  at 
Edmonton  and  Calgary,  and  will  have 
headquarters  in  Edmonton. 

R.  J.  Marner  has  been  appointed  ap- 
paratus sales  engineer  at  Canadian  Gen- 
eral Electric’s  Edmonton  offices.  He  will 
be  responsible  for  the  company’s  ap- 
paratus products  throughout  northern 
Alberta  and  the  Northwest  Territories. 
H.  T.  Rappel  was  appointed  apparatus 
sales  engineer  for  Saskatchew'an  w'ith 
head  offices  in  Regina. 

L.  W.  Grover  of  Underwood  McLellan 
and  Associates  has  been  appointed  Vice 
President  and  Area  General  Manager  for 
Alberta.  He  will  have  offices  in  Calgary. 


L.  W.  Grover  G.  R.  Raisbeck 

G.  R.  Raisbeck  has  been  appointed 
manager  of  the  Westinghouse  Whole- 
sale Division.  Mr.  Raisbeck  has  been 
general  products  sales  manager  for  the 
division  since  1961. 

Roland  G.  White,  m.e.i.c.  (Queen’s  ’54) 
has  been  named  Toronto  Manager  of 
Tunnicliff  Consultants  Limited.  Mr. 
White  has  had  several  years  e.xperience 
with  contractors  in  eastern  Canada  as 
Project  Manager  Engineer  on  the  St. 
Lawrence  Seaway,  and  highw'ay  con- 
struction. 

D.  C.  Allen  has  been  appointed  Plant 
Superintendent,  Electrolytic  Plant,  Zinc 
Department,  Metallurgical  Divi.sion  of 
the  Consolidated  Mining  and  Smelting 
Company  at  Trail,  B.C. 


Kalju  Ojala  W.  J.  Adams  m.e.i.c. 

W.  J.  Adams,  m.e.i.c.  (Man.  ’50),  of 
Underw'ood  McLellan  and  Associates, 
has  been  appointed  Vice  President  and 
Area  General  Manager  for  Manitoba. 
He  w'ill  have  offices  in  Winnipeg. 
(Continued  on  page  90) 


N.  J.  Sweetlove  Robert  J.  Sebert 

! 

Robert  J.  Sebert  has  been  appointed  « 
manager  of  the  recently  established  j 
drinking  fountain  systems  division  of  ji 
Wade  In  Canada  Plumbing  Specialties  ij 
Ltd.  Previous  to  his  recent  appointment,  j 
Mr.  Sebert  had  been  responsible  for  the  j 
operation  of  the  company’s  Montreal  ; 
office.  I 

Kalju  Ojala  has  been  named  municipal  - 
engineer  with  McNamara  Engineering 
Limited.  Mr.  Ojala  has  several  years  | 
experience  in  the  design  of  municipal 
engineering  projects  throughout  Ontario. 


Norman  J.  Sweetlove  has  been  appointed  | < 
Sales  Manager  of  Retor  Developments  |1 
Ltd.,  Galt,  Ont.  Mr.  Sweetlove  will  be  it 
responsible  for  Canadian  sales  of  the  h 
Mimik  hydraulic  machine  tool  tracer,  i,i 
and  will  co-ordinate  sales  for  the  com-  ; 
pany  in  the  United  States,  Britain  and  ) 
West  Germany.  j 


88 


THE  ENGINEERING  JOURNAL 


OCTOBER,  1962 


: 

n 

Hr 

1 

Î r 

- 

in 

why  tie  up 


engineers  with 


slow  print  reproduction  methods? 


This  used  to  be  one  of  the  most  exasperating  bottlenecks  in  companies  large  and  small . . . time-pressed  engineers 
waiting  around  for  drawings  to  be  pulled  out  of  file  and  waiting  for  prints  to  be  made.  Not  any  more!  Many 
progressive  companies  are  installing  xerographic  printers  (Copyflo  or  1824)  in  their  reproduction  departments. 
Prints  are  turned  out  in  seconds  from  card-mounted  microfilm.  They  are  dry,  positive,  ready  for  immediate 
use.  You  get  copies  size  for  size  or  reduced — on  ordinary  paper,  vellum,  or  offset  paper  masters!  Write  today 
for  informative  Booklet  X-300,  Xerox  of  Canada  Limited,  Dept.  25,  20  Mobile  Drive,  Toronto  16. 


XEROX 

OF  CANADA  LIMITED 
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^ Complete  Guide 
To  SAFE  And 
Economical 
Shower 
Systems 


One  of  the  most  comprehensive  shower  systems  manuals  ever  published 
is  available  — without  obligation  — to  you  and  other  qualified  persons  in 
your  organization.  It  features  easy-to-follow  diagrams,  practical  installation 
and  operational  information,  also  full  descriptions  of  recommended  com- 
ponents. 

The  index  includes: 

Tub-Shower  Systems  Multiple  Showers 

Progressive  Showers  Coin-Operated  Showers 

Group  Showers  Group  Washfountains 

and  others  . . . plus  data-filled  component  bulletins. 

Request  your  shower  systems  manual  now.  Use  the  handy 
coupon  below. 


THE  POWERS  REGULATOR  COMPANY  OF  CANADA,  LTD. 

Dept.  10-J,  15  Torbarrie  Road,  Downsview,  Ontario 

Send  me  a free  copy  of  Powers  Shower  Systems  Manual. 
Name 

Title 

Company 

Address 

City Zone Prov 

Specific  requirement  or  problem 


PERSONALS 


(Continued  from  page  88) 


Franklin  Dean  A.  J.  LeBIanc, 

M.E.I.C. 

G.  Franklin  Dean,  Supervising  Engineer 
of  Lighting  Service  for  the  Toronto 
Hydro  Electric  Systems,  has  been 
elected  President  of  the  Illuminating 
Engineering  Society  for  1962-63.  This 
marks  only  the  second  occasion  in  the 
57-year  history  of  the  I.E.S.  that  a 
Canadian  has  been  chosen  to  lead  the 
Society. 

Lt.  Col.  A.  J.  LeBIanc,  M.E.I.C.  has  been 
elected  Chairman  of  the  Board  and  Chief 
E.xecutive  Officer  of  Canadian  Dredge 
and  Dock  Co.  Limited.  During  World 
War  II,  Colonel  LeBIanc  served  with 
the  Royal  Canadian  Engineers.  He  is  a 
member  of  the  Order  of  the  British 
Empire.  He  was  formerly  a Director  and 
Project  Manager  for  Atlas  Construction 
Co.  Ltd.;  General  Manager  and  Vice 
President,  Operations  at  Toronto  Iron 
Works  and  was  Executive  Vice  Presi- 
dent of  Iroquois  Constructors  Limited 
of  the  St.  Lawrence  Seaway  and  Power 
Projects. 


W.  W.  Timmins,  m.e.i.c.  (Toronto  ’23) 
has  been  appointed  Resident  Director 
for  the  Province  of  Quebec  of  S.  A. 
Armstrong  Limited,  Mr.  Timmins,  Presi- 
dent of  W.  W.  Timmins  & Company 
Limited  has  been  associated  with  the 
Armstrong  company  for  more  than  twenty 
years.  In  his  new  position,  he  will  be 
concerned  with  the  complete  Armstrong 
line  throughout  Quebec.  He  will  be 
located  in  Montreal. 


J.  E.  Cranswick  W.  W.  Timmins 


M.E.I.C. 

J.  E.  Cranswick  has  been  appointed 
vice  president,  apparatus  sales,  Cana- 
dian Westinghouse  Company  Limited.  j 
Formerly  vice  president  of  the  whole- 
sale division,  Mr.  Cranswick  will  be 
responsible  for  national  sales  of  the 
company’s  products  as  well  as  activities 
of  the  Wholesale  Division. 
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Steel  gives  design  freedom 

Y-shaped  with  clear  spans.  This  is  the  Saskatchewan  Power  Corporation’s  head 
office  building  in  Regina.  There  are  no  columns  inside  the  wings  of  the  build- 
ing and  each  floor  is  a wide  open  space  43  ft.  x 270  ft.  You  can  build  this  way 
with  steel— it  simplifies  interior  partitioning  and  makes  future  changes  easy. 

Architects:  Joseph  Pettick,  M.R.A.I.C. 

Consultants:  C.C.  Parker,  Whittaker  & Co.  Ltd. 


Steel  shows  some  of  its  qualities 


Some  of  the  basic  qualities  of  steel  as  a 
lilding  material  are  illustrated  in  this  round- 
) of  recent  projects  from  across  the  country, 
ieel  produces  light,  flexible  structures  and 
5 inherent  qualities  offer  great  scope  to  the 
laginative  architect. 

When  evaluating  structural  framing  ma- 
riais it  is  worth  considering  all  the  advan- 
ges  offered  by  steel.  Steel  goes  up  fast  to 
ve  an  early  return  on  invested  cai)ital  and 
duces  interest  charges  on  construction  loans. 


Lightweight  framing  keeps  foundation  costs 
down  and  the  strength  of  the  material  permits 
large  column  free  areas  for  better  rentable 
floor  space.  Later  alterations  or  additions  are 
also  easily  effected  and  more  economical  to 
undertake  when  steel  is  used. 

Dominion  Bridge  maintain  design,  fabri- 
cation and  erection  facilities  in  most  of  the 
major  cities.  Their  sales  and  engineering  de- 
partments are  always  available  for  discussion 
and  to  assist  in  any  way  they  can. 


Structural  Steel  Division 
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DOMINION  BRIDGE 


DOMINION  BRIDGE  COMPANY  — SIXTEEN  PLANTS  COAST-TO-COAST 


Library  Notes 


Prepared  by  the  Library,  The 
Engineering  Institute  of  Canada 

Book  notes  marked  by  an  asterisk  have 
been  provided  through  the  courtesy  of 
The  Engineering  Societies  Library  in 
New  York. 

BOOK  REVIEW 

LASTVERTEILUNG  BEI 
PLATTENBALKENBRUCKEN. 

A practical  manual  on  load  distribu- 
tion in  concrete  slab  bridges  with  cross- 
beams. The  theoretical  analysis  is  car- 
ried out  in  Part  A;  followed  by  numerical 
e.xamples  in  Part  B for  cases  with  two, 
three,  four,  and  five  solid  longitudinal 
supports  and  for  two  hollow  beam  sup- 
ports. The  latter  half  of  the  book  con- 
tains the  tabulated  values  that  apply  to 
the  foregoing  cases.  (Heinrich  Trost. 
Dusseldorf,  Werner- Verlag,  1961.  246., 
DM  54.00.) 

“grundbaupraxis. 

A well  illustrated  treatise  on  founda- 
tion engineering  beginning  with  the  fun- 
damentals of  soil  mechanics.  Major  sec- 
tions are  devoted  to  footings,  retaining 
walls,  frameworks  and  trestles,  deep 
foimdations  with  various  types  of  piles 
including  sheet  piling,  deep  foundations 
utilizing  well  points  or  caissons,  com- 
pressed air  work,  and  various  special 
types  of  foundation  construction.  (Ernst 
Bachus.  Berlin,  Springer-Verlag,  1961. 
468p.,  DM  66.00.) 

ENGINEERING  MANAGEMENT  AND 
ADMINISTRATION. 

Administrative  methods  for  engineer- 
ing departments  are  described  in  this 
handbook,  which  deals  with  the  tradi- 
tional responsibilities  of  the  adminis- 
trator and  of  the  development  and  design 
engineering  departments.  Procedures  for 
budget  administration,  personnel  acquisi- 
tion and  training,  distribution  lists,  engi- 
neering records,  experimental  shop  and 
test  operations,  patents,  design  changes, 
and  parts  listing  are  outlined  simply  and 
clearly.  (Val  Cronstedt.  Toronto,  Mc- 
Graw-Hill, 1961.  345p.,  $9.75.) 

FOUNDATION  DESIGN  SIMPLY  EXPLAINED. 

The  problems  which  arise  in  designing 
foundations  are  set  down  in  relatively 
simple  fashion,  and  the  various  ways 
in  which  these  problems  can  be  ap- 
proached are  presented.  (John  Faber  and 
Frank  Mead.  Toronto,  Oxford,  1961.  115 
p.,  $2.25.) 


SCHRIFTTIUM  UBER  BODENMECHANIK  III. 

This  third  volume  adds  another  5400 
references  to  the  13200  contained  in 
volumes  1 and  II.  The  main  divisions 
are:  soils  and  soil  exploration;  soil  pro- 
perties; soil  statics  and  dynamics; 
ground,  interstitial,  and  surface  water; 
foundation  engineering,  hydraulic  struc- 
tures, mining  engineering,  etc.;  road  and 
railway  construction,  earth  works,  agri- 
cultural engineering.  The  table  of  con- 
tents is  in  German,  English,  and  French, 
and  includes  a detailed  decimal  classifi- 
cation of  the  field.  ( Gomp.  by  Hans 
Petermann  and  Herbert  Kiihn.  Bad 
Godesberg,  Germany,  Kirschbaum  Ver- 
lag, 1961.  363p.,  no  price  given.). 

electronics:  a bibliographical  guide. 

This  comprehensive  guide  to  bibli- 
ography sources  in  electronics  literature 
is  divided  into  68  sections.  The  period 
covered  is  from  1945  to  1959,  although 
a number  of  historical  books,  standard 
textbooks,  and  major  bibliographies  of 
earlier  date  are  included.  (G.  K.  Moore 
and  K.  J.  Spencer.  London,  MacDonald, 
1961.  4ilp.,  65/-.) 

PROGRESS  IN  NON-DESTRUCTIVE  TESTING, 
VOLUME  3. 

This  third  volume  discusses  optical 
methods  in  non-destructive  testing, 
xeroradiography,  x-ray  spectrochemical 
analysis,  dynamic  mechanical  properties 
and  structure  of  polymers,  hysteresis 
methods  of  non-destructive  testing, 
coupled  circuit  theory  for  electromag- 
netic testing,  and  x-ray  microscopy.  (Ed. 
by  E.  G.  Stanford  and  J.  H.  Fearon. 
Galt,  Brett-Macmillan,  1961.  272p.,  $12.) 


THE  ENGINEERING 
INSTITUTE  LIBRARY 

The  publications  mentioned  in 
these  notes  are  now  available  in 
the  Library  and  may  be  borrowed 
by  members  of  the  Institute.  Two 
items  may  be  borrowed  at  one 
time  for  a period  of  two  weeks, 
excluding  time  in  transit. 

Library  hours  are:  Monday  to  Fri- 
day: 9 a.m.  to  5 p.m.  All  requests 
and  enquiries  should  be  addressed 
to  the  Librarian  at  2050  Mansfield 
Street,  Montreal. 


ELECTROPLATING  ENGINEERING 
HANDBOOK,  2nD  ED. 

The  present  edition  incorporates 
changes  in  practices  and  equipment  and 
expands  the  coverage  with  respect  to 
plating  and  metal  finishing.  Numerous 
tables,  charts,  plans,  and  illustrations 
complement  the  text.  (Ed.  by  A.  K. 
Graham.  New  York,  Reinhold,  1962. 
774p.,  $18.50.) 


GYROSCOPES:  THEORY  AND  DESIGN. 

The  theory  and  practice  of  high- 
precision  gyroscopics  is  presented  in 
rigorous  fashion.  Prepared  by  eleven 
authorities,  this  work  discusses  the  de- 
sign of  single-  and  two-degree  of  free- 
dom gyros;  error  analysis  and  optimiza- 
tion of  guidance  parameters  in  inertial 
guidance  systems;  properties  and  design 
requirements  of  spin  motors,  pickoffs, 
torquers,  and  other  electrical  elements 
of  gyros;  and  testing  procedures  for 
evaluating  gyro  performance  and  their 
interpretation.  A feature  is  an  extensive 
discussion  of  “Schuler  tuning”  and  its 
relation  to  the  earth’s  curvature.  ( Ed. 
by  P.  H.  Savet.  Toronto,  McGraw-Hill, 
1961.  402p.,  $14.75.) 


PROGRESS  IN  INDUSTRIAL  GAS 
CHROMATOGRAPHY,  VOL.  1. 

The  initial  volume  in  a new  series 
intended  to  implement  the  available  liter- 
ature on  gas  chromatography.  It  con- 
sists of  the  Proceedings  of  the  Advanced 
Sessions  of  the  Third  Annual  Gas  Gro- 
matography  Institute,  held  in  April,  1961, 
at  Ganisus  Gollege,  Buffalo,  N.Y.  (Ed. 
by  H.  A.  Szymanski.  New  York,  Plenum, 
1961.  235p.,  $8.50.) 


SWITCHING  CIRCUITS  FOR  ENGINEERS. 

The  aim  of  this  work  is  to  present  the 
subject  matter  in  such  a way  as  to  be 
readily  understood  and  applied  by  the 
logical  design  engineer.  Much  original 
material  is  included,  such  as  methods  of 
minimizing  relay  and  electronic  trees 
and  a method  of  detecting  and  identi- 
fying symmetric  functions.  Almost  half 
of  the  text  is  devoted  to  sequential  cir- 
cuits, and  in  the  examination  of  the 
synthesis  of  pulse-input  sequential  cir- 
cuits, an  original  method  for  obtaining 
flip-flop  excitation  expressions  is  given. 
(M.  P.  Marcus.  Englewood  Gliffs,  Pren- 
tice- Hall,  1962.  296p.,  $12.) 

(Continued  on  page  102) 
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...CREATES  A STAR  PERFORMER 
FOR  A STELLAR  PERFORMANCE 
Here  is  one  of  fourteen  sets  of 
head  gates  and  lifting  mechan- 
isms, “tailored-to-measure”  for 
the  Beauharnois  Power  project. 

It  is  a typical  example  of  the 
equipment  produced  by  BIG  DAVIE 
—either  to  customer’s  specifica- 
tions or  to  those  prepared  by  J 
experienced  davie  designers  and  | 
engineers.  Industries  served  by  j 
BIG  DAVIE  include  those  associ-  | 
ated  with  Hydro-Electric  and  i 
Irrigation  Developments;  Petro-  I 
Chemical  and  other  Processing  ; 
Plants;  Mining  Operations,  De-  : 
fense  Research  and  Develop-  | 
ment.  Bulk  Storage,  etc. 


Manoeuvring  a DAVIE-built  gate  into  place  at  the  Beauharnois  Power  site.  The  gate  measures  24'  x 31  ' and  weighs  over  45  tons 


FOUNDED  IN  1882 


GENERAL  ENGINEERING  DIVISION 


DAVIE  SHIPBUILDING  LIMITED,  LAUZON,  QUE. 


SHIP  BUILDING'SHIP  RE  PAIRING ‘PRES  SURE  VESSELS'PENSTOCKS 


GATES^STEE^TRUCTURESONDUSTRIA^ACHINER^^QUIPMEN^J 


THE  IMPORTANCE 
OF  MEMBERSHIP 
IN  THE  E.I.C. 


At  its  meeting  of  February  3rd,  1962,  the  Council  of 
the  Institute  adopted  a policy  which,  inter  alia: 


“Continually  serves  to  enhance  the  role  of  the  Insti- 
tute as  the  collective  entity  of  the  profession  in  the  field 
of  national,  voluntary,  professional  and  learned  society.” 


“Recognizes  that  other  voluntary  professional  and 
learned  societies  have  a definite  role  to  play,  based  on 
historical  development,  and  supports  them  in  those  en- 
deavours which  are  of  mutual  interest.” 


I’d  like  to  say  why  I think  you  cannot  afford  to  over- 
look the  very  substantial  values  attached  to  membership  in 
E.I.C.  If  you  are  a member  already,  these  observations 
will  be  helpful  in  talking  to  potential  members  because 
you  are  a member  of  the  Committee  on  Membership  team. 

What  are  these  very  substantial  values  attached  to 
membership  in  E.I.C.? 

If  you  are  a younger  member,  just  entering  on  your 
professional  career,  don’t  fall  into  the  pitfall  of  thinking 
your  “sheepskin”  makes  you  an  engineer.  It  doesn’t.  How- 
ever, it  did  give  you  the  basic  training  needed  by  an 
engineer,  it  did  develop  orderly  processes  of  thought.  Only 
exchange  of  technical  ideas  and  experience  with  other  engi- 
neers can  provide  that  wealth  and  knowledge  and  ability 
to  apply  it  which  makes  an  engineer.  The  only  place  this 
can  be  obtained  is  the  learned  Society  of  your  choice. 


We  hope  your  choice  is  the  Engineering  Institute  of 
Canada. 


There’s  an  aspect  of  membership  you  should  not  over- 
look. It  provides  an  opportunity  to  participate  in  discus- 
sion, in  a more  formal  manner,  at  Branch  and  other  meet- 
ings; to  present  a paper  on  an  engineering  subject;  to 
develop  your  ability  to  participate  in  group  activities  in 
your  profession.  It  may  well  turn  out  you  will  be  invited 
to  take  part  in  committee  activities.  This  will  give  you  an 
opportunity  for  still  further  development. 


As  you  grow  older,  you’ll  find  that  participation  in  the 
technical  activities  of  E.I.C.  is  an  easy  corrective  for  that 
obsolescence  which  is  becoming  of  increasing  significance 
—the  obsolescence  of  a formal  technical  education  due  to 
the  growing  rate  at  which  technology  is  becoming  the  very 
warp  and  woof  of  the  fabric  of  our  nation. 


It  has  been  said  that  the  half-life  of  a technical  edu- 
cation is  1.5  years.  I think  it  is  not  over  10  years  at  the 
most.  Think  of  the  significance  of  this  for  yourself.  You 
can  overcome  this  obsolescence  through  full  use  of  the 
facilities  at  the  “Lifetime  University”— your  E.I.C. 

As  you  grow  older  you  have  an  obligation  to  add  to 
that  fund  of  engineering  knowledge  which  your  profes- 
sional forebears  bequeathed  to  you.  You  can  repay  your 
withdrawal  from  the  common  fund  by  contributing  from 
your  professional  know-how  through  the  medium  of  papers, 
committee  work  and  active  participation  in  Branch  and 
Institute  activities. 


Do  you  know  that,  it  you  find  yourself  seeking  employ-  ! 
ment,  the  Institute  operates  an  Employment  Service  which  j 
has  helped  arrange  employment  opportunities  for  many  ^ 
members  over  the  years.  I 

Do  you  know  that  the  Institute  has  co-operative  I 
agreements  with  many  of  the  United  Kingdom  Institutions,  i 
Commonwealth  Engineering  Societies  and  with  the  U.S.A.  ^ 
Founder  Societies  whereby  many  of  the  advantages  of 
membership  therein  can  be  obtained  at  members’  rates?  ! 
I refer  specifically  to  their  publications.  ! 


Do  you  know  that  the  Institute  has  an  excellent 
Library,  at  your  service?  Use  it.  Write  in  to  the  Librarian  I 
w'hen  you  need  help.  You’ll  receive  prompt  and  amazingly 
helpful  service.  It  is  free.  ^ 

Let  me  add  one  thought.  You’ll  find  that  the  more  ; ■ 
you  participate  in  its  work  the  more  Institute  helps  you  i 
b''  a better  engineer,  able  to  contribute  more  fully  in  the  1 i 
work  of  our  profession.  j 

Remember  you  owe  it  to  your  fellow  engineers  to  assist  | 
them  find  tlieir  role  in  the  engineering  world.  How?  i 
Encourage  them  to  join  the  Institute.  Invite  potential  * . 
members  to  see  the  Institute  in  action.  j 

Finally,  don’t  forget  that  Institute  officers  and  Head-  ! i 
quarters  staff  are  always  glad  to  talk  over  Institute  matters  li* 
with  members.  j J 


F.  L.  Lawton,  President. 

LTMPORTANCE  DE 
L’AFFILIATION  A L’l.C.I. 

A sa  réunion  du  3 février  1962,  le  Conseil  de  l’Institut 
a adopté  comme  ligne  de  conduite,  entre  autres,  de; 

“Tendre  continuellement  à mettre  en  valeur  le  rôle 
de  l’Institut  comme  personne  morale  représentant,  en  tant 
que  société  nationale,  de  caractère  professionnel  et  intel- 
lectuel,, les  ingénieurs,  qui  restent  libres  d’y  adhérer.” 

“Reconnaître  le  rôle  indiscutable  qui  appartient  à 
d’autres  sociétés  de  caractère  professionnel  et  intellectuel, 
volontairement  formées  en  partant  de  facteurs  historiques, 
et  les  soutenir  dans  tous  leurs  efforts  orientés  vers  l’intérêt 
commun.” 


Permettez-moi  d’expliquer  pourquoi  j’estime  que  vous 
ne  pouvez  négliger  les  avantages  considérables  qui  accom- 
pagnent l’affiliation  à l’Institut  canadien  des  Ingénieurs. 
Si  vous  en  êtes  déjà  membre,  ces  remarques  vous  aideront 
à convaincre  d’autres  membres  en  perspective,  puisque  vous 
faites  partie  de  l’équipe  du  Comité  de  recrutement. 


Quels  sont  les  avantages  considérables  de  cette  affilia- 
tion à l’I.C.L? 


Si  vous  êtes  un  jeune  membre,  débutant  dans  la  car- 
rière, ne  commettez  pas  Terreur  de  croire  que  votre  diplôme 
suffit  à faire  de  vous  un  ingénieur.  Vos  études  vous  ont 
donné  la  formation  essentielle,  indispensable  à l’ingénieur; 
elles  vous  ont  appris  à penser  d’une  manière  raisonnée. 
Mais,  seuls  l’échange  d’idées  techniques  avec  d’autres  in- 
génieurs et  l’expérience  qu’ils  peuvent  vous  communiquer 
vous  apporteront  les  connaissances  théoriques  et  pratiques 
qui  feront  de  vous  des  ingénieurs  dignes  de  ce  nom.  Le 
seul  endroit  où  vous  puissiez  les  acquérir  est  dans  la  société 
professionnelle  que  vous  aurez  choisie.  Nous  formons  le 
voeu  que  cette  société  soit  l’Institut  canadien  des  In- 
génieurs! 
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11  >•  a un  aspect  tie  cette  affiliation  tine  vous  ne  pouvez 
négliger:  ce  sont  les  occasions  tpii  en  déconleront  pour 
vous  de  participer  à des  discussions  à titre  qnasi-officiel, 
lors  de  réunions  régionales  on  antres;  de  présenter  une 
dissertation  sur  nn  sujet  technitpie,  d’apprendre  à collaborer 
aux  actix’ités  d’nn  groupe  de  professionnels  partageant  les 
mêmes  intérêts  tpie  \'ons.  Il  pourra  même  arriver  qu’on 
vous  invite  à faire  partie  d’un  comité  où  vous  trouverez 
maintes  occasions  d’enrichir  vos  connaissances  et  d’élargir 
votre  expérience. 

Avec  le  temps,  vous  constaterez  que  le  fait  de  parti- 
ciper aux  activités  professionnelles  de  TLCJ.  est  nn  ex- 
cellent correctif  des  idées  désuètes  qui  accompagnent  la 
décrépitude  d’une  éducation  théorique,  décrépitude  qui 
survient  de  nos  jours  à une  allure  accélérée  à mesure  que 
la  technologie  prend  une  place  plus  grande  dans  le  dévelop- 
pement de  notre  pays. 

On  a dit  que  la  durée  utile  d’une  éducation  technique 
est  de  quinze  ans.  Pour  ma  part,  j’estime  qu’elle  ne  dépasse 
pas  10  ans.  Pensez  à l’importance  de  ce  fait!  Vous  pouvez 
éviter  ce  vieillissement  rapide  de  votre  formation  en  ex- 
ploitant à fond,  à votre  profit,  toutes  les  ressources  de  cette 
“université  permanente”  qu’est  l’I.C.I. 

En  avançant  en  âge,  vous  avez  le  devoir  d’apporter 
votre  part  de  connaissances  au  trésor  d’expérience  technique 
que  vos  prédécesseurs  vous  ont  transmis.  Vous  pourrez 
rembourser  les  emprunts  faits  à ce  fonds  commun  sous 
forme  d’articles  dans  les  publications  professionnelles,  ou  en 
faisant  partie  de  comités  d’études,  ou  en  participant  active- 
ment aux  initiatives  de  votre  Institut  sur  le  plan  régional 
ou  national. 

Saviez-vous  que,  pour  ceux  qui  se  cherchent  un  emploi, 
l'Institut  dispose  d’un  service  de  placement  qui  a pu  offrir 
à de  nombreux  membres,  depuis  sa  création,  des  situations 
qu’ils  n’auraient  peut-être  pas  trouvées  sans  lui? 

Saviez-vous  que  l’Institut  pos.sède  des  ententes  avec 
plusieurs  institutions  du  Royaume-Uni,  sociétés  d’ingénieurs 
du  Commonwealth  et  sociéttés  fondatrices  des  E.-U,  con- 
férant à nos  membres  de  nombreux  avantages,  au  même 
tarif  que  celui  qui  paient  leurs  propres  membres?  Cela  est 
vrai,  notamment,  de  leurs  publications. 

Saviez-vous  que  l’Institut  dispose  d’une  bibliothèque 
très  complète  où  vous  pouvez  puiser?  Vous  n’avez  qu’à 
écrire  au  bibliothécaire.  Vous  trouverez  particulièrement 
rapide  et  précieux  ce  service  gratuit! 

Je  me  permets  d’ajouter  cette  observation:  plus  vous 
participerez  étroitement  aux  travaux  de  l’Institut,  plus 
celui-ci  vous  aidera  à vous  perfectionner  dans  votre  pro- 
fession et  plus  vous  pourrez,  à votre  tour,  favoriser  son 
développement. 

Rappelez-vous  que  vous  vous  devez  d’aider  vos  con- 
frères ingénieurs  à occuper  la  place  qui  leur  revient  dans 
le  domaine  de  la  technique.  Le  meilleur  moyen,  c’est  de 
les  encourager  à s’affilier  à l’Institut.  Invitez  les  membres 
en  perspective  à venir  voir  à l’oeuvre  l’Institut. 

Enfin,  soyez,  assuré  que  les  directeurs  et  le  personnel 
de  l’Institut  se  feront  toujours  un  plaisir  de  discuter  avec 
vous  tous  les  sujets  qui  nous  intéressent  mutuellement. 

F.  L.  Lawton,  President. 


Engineering 

Edueation 

in  Canada 

The  first  part  of  a two-part  series  on 
ENGINEERING  EDUCATION  IN  CAN- 
ADA was  published  in  the  September  issue 
of  The  Engineering  Journal. 

Plans  now  call  for  the  publication  of 
part  two  in  the  JANUARY  issue.  Space 
limitations  made  it  necessary  to  divide  this 
collection  of  histories  into  a series. 

Many  significant  institutions  from  all 
parts  of  Canada  will  be  featured  in  the 
January  Journal.  It  is  not  necessary  to  point 
out  that  the  story  of  Engineering  Education 
in  Canada  would  not  be  complete  without 
them. 

On  completion  of  the  series,  it  is  planned 
to  make  available  a reprint,  without  adver- 
tising, of  the  complete  story. 
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SITUATIONS  VACANT 
MECIL\NICAL 


MECHANICAL  ENGINEER,  A.M.E.I.C., 
B.Eng.,  McGill  1960,  Diploma  Business  Ad- 
ministration (U.W.O.)  1961.  One  year’s 

experience  in  Plant  Engineering  work. 
Experience  in  supervision  of  construction 
and  installations  of  a new  plant,  cost 
reduction  and  cost  analysis:  also  some 
draughting  and  design  experience.  Desires 
interesting  engineering  position,  such  as 
plant  engineering  or  plant  maintenance. 
Location  preferred  — Montreal  or  Quebec. 
File  No.  267-M. 


INDUSTRIAL  ENGINEER  — Young  profes- 
sional engineer,  university  graduate,  mini- 
mum two  years’  experience.  Preferably 
but  not  necessarily  familiar  with  textile 
or  carpet-making  machinery.  Responsible 
to  Works  Manager,  and  will  be  required 
to  develop  and  improve  manufacturing 
methods  and  equipment  in  a carpet  plant 
located  in  Ontario.  Full  social  welfare 
benefits.  File  No.  277-V. 


MISCELLANEOUS 


ELECTRICAL/MECHANICAL  ENGINEER. 

Rapidly  expanding  Canadian  firm  has  a 
requirement  for  an  Electrical  or  Mechani- 
cal Engineer  preferably  with  design  ex- 
perience on  electric  panels  and  diesel  and 
gasoline  generating  sets  to  lead  to  the 
position  of  Chief  Engineer.  Please  send 
complete  resume  of  qualifications  to  File 
No.  280-V. 


AN  ADMINISTRATIVE  OFFICER  to  or- 
ganize administrative  services  for  a re- 
search staff  of  180.  Several  years’  experi- 
ence supervisory  or  administrative  work 
desired.  Salary  $6,000  to  $7,500.  Apply  to 
The  Director,  Researcb  Council  of  Alberta, 
Edmonton,  Alberta. 


ENGINEERS  FOR  MANAGEMENT— pro j - 

ect,  design,  sales,  research,  development 
and  control.  Graduates  of  most  types 
and  ages  required  by  clients  of  the  Tech- 
nical Service  Council,  a non-profit,  indus- 
try-sponsored placement  service.  Write  2 
Homewood  Ave.,  Toronto  5,  Ontario  or 
1500  Stanley  Street,  Montreal  25,  Que. 
for  an  application.  There  is  no  charge  for 
work  done  on  your  behalf.  File  No. 
6648-V. 


MINING 


FOREIGN  EMPLOYMENT.  MINE  GEN- 
ERAL SHIFT  FOREMAN— B.S.  degree  in 
Mining  Engineering.  Fluent  knowledge 
of  English  and  Spanish.  Chilean  subsidiary 
of  large  North  American  mining  company 
desires  to  contract  a Mine  General  Shift 
Foreman  for  a permanent  position  in 
Chile.  Applicants  should  have  3 years’ 
underground  mining  experience  (metal 
mining  preferred)  with  at  least  one  year 
in  a supervisory  capacity.  Primary  func- 
tion would  be  to  translate  into  execution 
all  planning  and  co-ordinate  all  operations 
required  for  the  mining  of  34,.000  tons 
daily.  Excellent  opportunity — large  copper 
company,  central  Chilean  area.  Employ- 
ment on  contract  basis  in  multiples  of  two 
years.  Home  leave  vacation  of  two  months 
at  the  end  of  two  year  contract.  Transpor- 
tation both  ways  and  salary  while  travel- 
ling paid  by  Company.  Provision  also 
made  to  transport  household  effects.  In 
reply,  give  complete  details  and  references 
to  File  No.  278-V. 


TEACHING 


TWO  ACADEMIC  POSITIONS  available  on 
January  1 and/or  July  1,  1963,  at  the 
assistant  or  associate  professor’s  level  in 
(1)  Structural  and  Engineering  Mechanics, 
and  (2)  Traffic  Studies  and  Transportation 
Engineering.  The  applicants  should  hold 
either  a doctoral  degree  or  a Master's 
degree  with  several  years  of  practical  ex- 
perience in  the  field.  Duties  will  include 


DESIGN 

ENGINEER 

Quebec  Iron  and  Titanium  Cor- 
poration, the  world's  largest  pro- 
ducer of  Titania  Slag  for  the  pig- 
ment industry  and  SORELMETAL 
for  foundries  and  the  steel  in- 
dustry, requires  a design  engineer 
to  work  in  its  Engineering  Depart- 
ment. Applicants  should  have  at 
least  6 years'  experience  in  me- 
chanical and  structural  Plant  En- 
gineering Design,  with  sufficient 
initiative  to  carry  projects  through 
the  design  and  start-up  phases 
with  a minimum  of  supervision. 
Bilingualism  would  be  an  asset. 
Interested  persons  should  include 
a detailed  resume  of  experience, 
and  reply  to: 

Mr.  Gérard  Perron, 
Personnel  Manager, 

Quebec  Iron  and 
Titanium  Corporation, 

P.O.  Box  40, 

Sorel,  P.Q. 


instruction  at  the  undergraduate  level  and 
the  development  of  a graduate  study  and 
research  programme.  Current  salary  scales 
for  the  academic  year  are  $7,000  to  $9,000 
for  an  assistant  professor,  and  $9,000  to 
$11,000  for  an  associate  professor.  Summer 
research  stipends  are  available.  Apply  to 
the  Chairman,  Department  of  Civil  Engi- 
neering and  Engineering  Mechanics,  Mc- 
Master University,  Hamilton,  Ontario. 


ALCAN  REQUIRES  ENGINEERS  AND  SCIENTISTS 
OPERATIONS  AND  RESEARCH  OPENINGS 

Electrical  Engineering  graduates,  preferably  with  some  relevant  experience 
are  required.  Our  Saguenay  Power  System  has  an  opening  in  microwave  and  tele- 
communications at  our  Shipshaw  Powerhouse  in  Arvida,  Quebec.  A project  engi- 
neering position  is  available  in  the  Arvida  Smelter. 

Mechanical  Engineer  with  five  to  seven  years  of  plant  engineering  experience 
is  required  for  our  Arvida  Works. 

A bilingual  Mechanical,  Metallurgical,  or  Chemical  Engineer,  preferably  with 
industrial  engineering  training  is  required  for  our  Isle  Maligne,  Quebec  Smelter. 

Chemical  Engineers,  Metallurgists  and  Honour  Chemists  at  Bachelor's, 
Masters,  and  Ph.D.  levels  are  required  with  zero  to  five  years  relevant  experience. 
Development  and  operating  positions  are  available  in  our  Arvida  and  Isle  Maligne 
Smelters.  One  of  the  openings  requires  a graduate  with  five  to  ten  years  experience 
in  calcination  and  drying  processes,  involving  rotary  kilns,  etc. 

Our  Research  Associate,  Aluminium  Laboratories  Limited,  also  has  openings 
in  Arvida  and  Kingston,  Ontario,  the  Kingston  position  being  in  the  field  of  alu- 
minum surface  finishing. 

Applicants  should  apply  in  writing,  giving  full  particulars,  to: 

Aluminum  Company  of  Canada,  Limited, 

\ Staff  Personnel  Division, 

P.O.  Box  6090, 

Montreal  3,  Quebec. 
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ELECTRONIC 

ENGINEERS 


THIS  IS  A UNIQUE  OP- 
PORTUNITY to  fully  utilize 
your  present  knowledge  — 
to  expand  that  knowledge 
and  broaden  your  scope  and 
experience. 

Expansion  and  diversifica- 
tion of  product  lines  have 
made  available  positions  at 
supervisory,  senior,  and  in- 
termediate levels,  working 
on  highly  interesting 
projects. 

These  projects  involve  the 
application  of  radar,  gyros, 
servo  systems,  digital  circui- 
try, logic,  switching  and 
analogue  circuitry  on  both 
a system  and  a detailed 
basis. 

A university  degree  in  elec- 
trical engineering  or  engi- 
neering physics,  3 to  10 
years'  experience  in  the 
electronics  field,  together 
with  a strong  desire  to 
create  and  learn  are  the 
major  prerequisites. 

You  are  invited  to  discuss 
these  positions  with  us. 
Please  forward  your  resume, 
or  telephone  for  information. 


Industrial 

Relations 

Manager 

SPERRY  GYROSCOPE 
COMPANY  OF  CANADA, 
LTD. 

P.O.  Box  710  Montreal  3,  Que. 


• Library  Notes 

(Continued  from  page  94) 


POWDER  METALLURGY. 


The  proceedings  of  an  International 
Conference  held  in  New  York  in  1960, 
sponsored  by  the  Metal  Power  Industries 
Federation  and  the  Powder  Metallurgy 
Committee  of  the  AIMMPE.  The  42 
papers  presented  were  written  by  experts 
from  all  over  the  world,  and  are  divided 
into  four  sections.  The  first  of  these  is 
concerned  with  the  mechanism  of  sinter- 
ing, and  the  papers  cover  not  only  gen- 
eral theory,  but  also  the  sintering  of 
specific  materials.  The  six  papers  in  the 
second  section  deal  with  dispersion 
strengthening.  The  third  group  of  papers 
discuss  powder  metallurgy  technology, 
and  newer  methods  for  forming  metal 
powder  into  useful  shapes.  The  fourth 
part  deals  with  materials,  and  applica- 
tions such  as  refractory  metals,  cemented 
carbides,  self-lubricating  bearings,  struc- 
tural parts,  friction  materials,  and  the 
light  metals.  (Ed.  by  Werner  Leszynski. 
New  York,  Wiley/Intei«cience,  1961. 
847p.,  $25.00.) 


FINANCIAL  POST  SURVEY  OF  OILS,  1962. 

Following  the  usual  practice,  the 
larger  part  of  the  Survey  is  devoted  to 
reviews  of  Canadian  oil  and  gas  com- 
panies, giving  for  each  address,  company 
history,  properties,  wells,  balance  sheet, 
etc.  Information  is  also  given  on  dead 
and  dormant  companies,  and  on  Cana- 
dian production  statistics,  gas  reserves, 
price  range  of  stocks,  and  refinery  capac- 
ity, and  the  Survey  also  includes  maps 
of  oil  and  gas  areas.  (Toronto,  Maclean- 
Hunter,  1962.  216p.,  $5.00.) 


"festigkeitsberechnung  von 

BAUELEMENTEN  DES  DAMPFKESSEL-, 
BEHALTER-  UND  ROHRLEITUNGSBAUES. 


THEORIE  DES  ASSERVISSEMENTS  PAR 
PLUS-OU-MOINS. 


Translated  from  the  Russian,  this  text 
on  servomechanisms  commences  with  two 
introductory  chapters  giving  definitions 
and  base  equations.  These  are  followed  \ 
by  chapters  on  transitory  regimes  and 
the  stability  of  the  state  of  equihbrium. 
In  the  main  part  of  the  book,  the  author 
considers  self-  and  forced  oscillations,  the 
conditions  for  their  existence,  the  deter- 
mination of  the  fundamental  parameters 
of  the  oscillations,  the  calculation  of  the 
oscillations  themselves,  and  stability. 
Two  final  chapters  cover  problems  of 
linearization  and  optimization  of  these 
systems.  (J.  Z.  Cypkin.  Paris,  Dunod, 
1962.  369p.,  78NF.) 


THEORIE  ELECTRONIQUE  DE  LA  CATALYSE 
SUR  LES  SEMI-CONDUCTEURS. 


This  text  covers  the  electronic  theory 
of  catalysis;  different  types  of  adsorption, 
chemisorption;  the  catalytic  activity  of 
semi-conductors;  surface  and  internal 
inter-action  in  a semiconductor;  correla- 
tion between  catalytic  activity  and  elec- 
tric conductibility,  etc.  (T.  Wolkenstein. 
Paris,  Masson,  1961.  15()p.,  30NF.) 


INSTRUMENT  BALL  BEARINGS. 


The  fourth  in  a series  of  surveys  on 
instrument  parts,  this  volume  deals  with 
small  precision  ball  bearings  used  in  in- 
struments and  other  light  apparatus.  The 
series  attempts  to  list  all  available  pub- 
lished material,  in  all  languages,  and 
includes  144  references.  (P.  J.  Geary, 
Chislehurst,  Kent  British  Scientific  In- 
strument Research  Assoc.,  1961.  73p., 
23/6.) 


ELECTROMECHANICS. 


A study  on  stress  calculations  for  the 
structural  parts  of  boilers,  vessels  and 
pipelines,  analyzing  the  actual  formulas 
for  computation  as  well  as  offering  pro- 
posals for  further  development.  The 
topics  discussed  include  cylindrical  walls 
under  internal  and  external  over-pressure; 
arched  and  conical  bottoms;  flat  bottoms, 
flanged  joints,  etc.  (Siegfried  Schwaigerer. 
Berlin,  Springer,  1961.  127p.,  DM  32.50.) 


(Continued  on  page  126) 


This  introduction  to  electromechanical 
energy  conversion  stresses  the  principles 
fundamental  to  all  electromechanical  de- 
vices. The  author  applies  these  principles 
not  only  to  generators  and  motors,  but 
also  to  transducers  and  rotating  ampli- 
fiers, to  sensing  devices  and  indicating 
instruments,  and  to  microphones  and 
speakers.  (H.  H.  Skilling.  New  York, 
Wiley,  1962.  475p.,  $10.) 


NOTICE  TO  ADVERTISERS 


DEADLINE  — Please  note  that  requests  for  insertions  must  be  submitted 
in  writing  not  later  than  the  ISth  of  the  preceding  month.  Cancellations: 
same  as  above. 


SITUATIONS  VACANT  — Classified  rate;  $6  per  column-half-inch  per 
insertion.  Display  rates;  Per  insertion  — ■ 1/12  page  — $100;  1/8  page  — 
$120;  1/6  page  — $195;  1/4  page  — $215;  1/3  page  — $285; 
1/2  page  — $345. 


DATE  IN  CIRCULATION  — 20th  of  month. 


SITUATIONS  WANTED  — Accepted  free  of  charge  from  Members  of  The 
Engineering  Institute  of  Canada  only. 
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to  the  development  of  the  LD  and  LDAC 
processes  by  the  construction  of  modern 
crucibles  and  lance  installations. 


The  largest  LD  plant  in  Europe  with  two 
175-ton  LD  crucibles  has  just  been  completed. 

Further  information  may  be  obtained  from 

DE  MAG  Industrial  Equipment  Ltd., 

2400,  Highway  122,  P.  O.  Box  1240  Clarkson 

DEMAG  AKTIENGESELLSCHAPT  DUISBURG  GERMANY 

THE  ENGINEERING  JOURNAL  |j|  OCTOBER,  1962  103 


Industrial  Briefs 


ML-8130  Machlett  Tubes 

THE  TWO  MACHLETT  Direct  view 
storage  tubes  introduced  by  Raytheon 
Canada  Ltd.,  feature  very  high  writing 
speeds.  At  full  brightness  and  with  uni- 
form storage  characteristics,  the  ML- 
8130  offers  a read-out  capability  exceed- 
ing 500,000  inches  per  second.  The 
ML-8139  writes  at  a rate  of  more  than 
150,000  inches  per  second.  Both  tubes 
are  focused  electrostatically  and  offer 
resolution  characteristics  up  to  80  lines 
per  inch  at  full  brightness.  Deflection 
is  accomplished  electrostatically  in  the 
ML-8130  and  magnetically  in  the  ML- 
8139.  The  fast-writing  tubes  offer  direct 
read-outs  for  airborne  systems  such  as 
radar,  search  navigation  and  ground 
clearance  systems.  Aboard  ship,  the  tubes 
are  applicable  to  long-memory  displays 
for  sonar  and  true  motion  radar  systems. 

POLY-FLEX,  a new  fle.xible  cushioning 
coupling  for  small  shafts,  has  been  an- 
nounced by  United  Steel  Corporation 
Limited-Dodge  Manufacturing  Division. 
This  product,  an  adaption  of  Dodge 
Para-flex,  compensates  for  parallel  shaft 
misalignment  up  to  four  degrees,  cush- 
ions shock  loads,  absorbs  vibration  and 
takes  end  float  up  to  5/16  inch.  The 
PB40  is  approximately  four  inches  in 
diameter,  is  constructed  of  polyurethane 
permanently  bonded  to  two  close-grain 
gray  iron  flanges.  Mounting  is  simple, 
and  bushings  are  easily  changed  for  use 
on  shafts  of  different  sizes. 


Poly-Flex  Flexible  Cushion  Coupling 


THE  “CANADIAN  BUFFALO”,  No.  20 
drilling  machine  introduced  by  Canadian 
Forge  & Blower  Co.  Ltd.,  Kitchener,  has 
a capacity  of  one  inch  in  mild  steel, 
features  easily  located  controls,  stream- 
lined belt  guard  and  five  step  pulleys 
geometrically  progressed  to  permit  belt- 
changing from  step  to  step  without  ad- 
justing the  motor  bracket.  The  spindle 
return  spring  can  be  adjusted  by  hand. 
The  machine  is  available  in  floor  models, 
standard  bench  drill  with  tilting  table, 
and  production  table  models. 


“Canadian  Buffalo”  No.  20 


AN  OUTLINE  OF  PRESTRESSED  con- 
crete applications  in  a variety  of  struc- 
tures is  covered  in  a new  book  produced 
by  the  Steel  Company  of  Canada,  Lim- 
ited. Included  in  the  book  is  essential 
data  on  the  use  of  high  tensile  steel  wire 
and  strand  in  prestressing  techniques.  An 
important  section  of  the  book  is  devoted 
to  the  procedure  for  calculating  yield 
point,  and  the  modulus  of  elasticity  from 
the  stress-strain  diagrams  provided  with 
each  shipment  of  Stelco  high  tensile  steel 
wire  and  strand.  This  book  is  obtainable 
free  from  the  Steel  Company  of  Canada, 
Limited,  Wilcox  Street,  Hamilton. 


1 


Beam  Power  Pentode 


THE  INDUSTRIAL  COMPONENTS 
Division  of  Raytheon  Canada  Limited 
has  announced  a beam  power  pentode, 
designed  for  RF  or  AF  power  amplifiers, 
oscillators,  frequency  multipliers,  or  AF 
modulators  in  mobile  or  fixed  equipment. 
The  CK6146,  capable  of  25  watts  dissi- 
pation, and  operable  up  to  175  me  at 
reduced  ratings,  features  stability  at  re- 
duced heater  voltage. 

T-BOLT  CLOSURES  for  low-pressure 
applications  have  been  introduced  by 
Tube  Turns  of  Canada  Limited,  Toronto. 
The  factory-assembled  units  have  semi- 
ellipsoidal  heads  hinged  to  welded  hubs, 
self-energizing  static  “O”  rings  and  a 
suitable  number  of  swinging  T-bolts, 
varying  with  nominal  pipe  size,  to  main- 
tain a tight  seal.  These  closures  are  de- 
signed to  meet  the  requirements  of  filter 
manufacturers,  tank  and  vessel  fabri- 
cators and  chemical  processing  plants 
for  manways  and  covers  on  storage  tanks, 
mixing  vessels,  separators  and  filters.  The 
closures,  available  from  8 inches  to  42 
inches  in  carbon  steel,  are  rated  for  75 
p.s.i.  service  at  250  degrees  Fahrenheit. 

(Continued  on  page  106) 


T-Bolt  Closures 
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The  ER8,  humanized  In  Boris  Artzybasheff's  unique  style,  is  the  newest 
in  a long  series  of  heavy-duty,  two-stage,  water-cooled  industrial 
air  compressors.  It  delivers  2290  cfm  at  100  psi  at  its  maximum  rating 
of  514  rpm.  At  450  rpm,  its  2020  cfm  for  363  shaft  hp  gives  18  hp  per 
100  cfm.  This  is  probably  a higher  efficiency  than  that  of  any  equiva- 
lent machine  available  in  Canada  today. 


Since  1952,  about  300  Canadian  companies  have 
installed  more  than  500  Atlas  Copco  stationary 
compressors  from  1 to  600  hp.  This  points  up  the 
double  fact  that  they  are  good  machines  and 
that  Atlas  Copco  is  a good  firm  to  deal  with. 


FOR  PROFIT’S  SAKE,  GET  A QUOTE  FROM  COPCO 

Atlas  Copco  Canada  Ltd.  745  Montréal-Toronto  Blvd.,  Dorval,  P.Q. 

Branches  & representatives  coast  to  coast. 


MtlasChpco 


puts  compressed  air  to  work 
for  the  world 
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INDUSTRIAL  BRIEFS 

(Continued  from  page  104) 

CANADIAN  GENERAL  ELECTRIC  has 
announced  a new  line  of  ringless  meter 
sockets,  flexible  in  design  to  accommo- 
date individual  electric  utility  require- 
ments, and  available  for  100-ampere 
single-phase  service.  The  socket  line  is 
welded  throughout  to  provide  weatlrer- 
proof  protection  for  the  meter.  It  is 
constructed  of  16-gauge  zinc  coated  steel. 
The  sockets  are  available  in  three  sizes 
for  100  amp  ratings,  eight  inches  wide, 
with  lengths  of  8.8,  10  and  12  inches. 


Liquid  Level  Regulators 


THREE  NEW  MODELS  of  a simple 
tyi^e  of  liquid  level  regulator  has  been 
introduced  into  Canada  by  Flygt  Canada 
Limited.  The  regulators  are  for  use  in 
diverse  liquids  with  specific  gravities 
between  0.75  and  1.2.  The  regulator 
consists  of  a mercury  in  a plastic  casing, 
suspended  on  a three  conductor  flexible 
cable  in  lengths  of  20,  40  and  60  feet. 
When  fluid  level  changes,  the  regulator 
tilts  and  the  switch  closes  the  circuit  to 
start  or  stop  a pump  or  actuate  an  alarm. 


Model  PNSC  Strapping  Tool. 


AN  ALL-POWER-OPERATED,  push- 
type  strapping  tool  has  been  introduced 
by  Signode  Steel  Strapping  Co.  The 
Model  PNSC  will  not  tension  unless  the 
tensioning  and  sealing  mechanisms  are 
irroperly  aligned  and  will  not  sever  strap- 
ping from  coil  unless  the  seal  has  been 
properly  notched.  It  utilizes  air  power 
to  tension,  seal,  and  cut  the  strapping 
and  is  intended  for  use  on  narrow,  irre- 
gular or  curved  surfaces. 

A SELF-CONTAINED  transfer  function 
computer,  available  from  Glendon  Instru- 
ment Co.  Ltd.,  Scarborough,  Ont.,  is 
so  simple  to  use,  claim  the  manufac- 
turers, that  an  unskilled  operator  can 
obtain  accurate  and  consistent  results  in 
a matter  of  minutes.  This  eliminates  the 
series  of  measurements  often  associated 
with  determining  transfer  functions,  and 
the  graphical  analysis  by  specialist 
mathematicians.  The  SAIOO  measures 
transfer  functions  having  terms  in  the 
numerator  and  denominator  up  to  the 
fourth  order  and  sixth  order  respectively. 
The  computer  can  be  used  on  linear  as 
well  as  non-linear  systems,  and  delivers 
values  directly.  The  SAIOO  can  be  a 
valuable  production  test  instrument. 


A MACHINE  DESIGN  CONCEP'i 
which  enables  a single  machine  tool  tJ 
perform  both  bobbing  and  thread  mill] 
ing  operations  has  been  introduced  bjf 
the  A.  R.  Williams  Machine  Companjj 
Ltd.,  Toronto.  The  Model  HH  Marl] 
HI-C  machine  accommodates  work  up 
to  30  inches  in  diameter,  and  144  inchel 
long.  It  will  hob  straight  or  helical 
splines  or  gears  up  to  16  inch  diameteJ 
with  conventional  gear  and  spline  hobs! 
The  machine  will  mill  single  or  multiple-i 
start  threads  up  to  16  inches  in  diametet 
with  conventional  milling  cutters. 


Model  HH  Mark  HI-C 


CANADIAN  WESTINGHOUSE  COM- 
PANY LIMITED  has  introduced  a new 
load  interrupter  switch  (Type  LBF)  with 
high  fault  closing  capabilities.  This  fuse 
does  not  depend  on  fuses  in  series  for 
protection  and  can  be  closed  against 
fault  currents  of  up  to  61,000  amperes 
without  sustaining  damage.  A spring- 
loaded,  quick-break  blade  ensures  fast 
load  interruptions  without  requiring 
maintenance.  The  unit  is  available  as 
a co-ordinated  three-pole  assembly  which 
includes  the  operating  mechanism.  It  is 
completely  factory-adjusted  and  requires 
only  four  mounting  bolts  for  field  in- 
stallation. Design  features  include  built- 
in  interlocks  and  angle  type  terminals 
which  permit  bus  connections  in  two 
planes. 

A NEW  LINE  of  oil  lubricated  process 
pumps,  designed  to  cut  hours  from 
servicing  time,  has  been  developed  by 
Canadian  Allis-Chalmers  Limited.  The 
line  includes  26  centrifugal  pump  sizes 
requiring  only  three  bearing  frame 
assemblies.  The  pump  is  capable  of 
handling  corrosive  or  hot  liquids,  and 
has  many  applications  in  the  chemical, 
pulp  and  paper,  and  mining  industries. 

lî^ 


Developments 

Information  contained  in  this 
section  has  been  obtained  from 
press  releases.  Mention  of  pro- 
ducts and  services  does  not  imply 
endorsement  by  the  Institute. 
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CONSTRUCTION 


CANADIAN  KELLOGG  ENGINEERS  AND  BUILDS 
CANADA’S  NEWEST  ETHYLENE  PLANT 
FOR  SHAWINIGAN  CHEMICALS  LIMITED 
AT  VARENNES,  QUEBEC 


liecause  of  a desire  to  broaden  its  chemical 
ctivities,  Shawinigan  Chemicals  Limited  has 
mbarked  upon  an  expansion  program  of  its 
ijacilities.  Canadian  Kellogg  has  been  chosen 
|o  design,  engineer  and  construct  a new  petro- 
|!hemical  plant  at  Varennes,  Quebec.  Con- 
^jitruction  work  is  now  starting  on  this  project, 
lïbllowing  long  study  on  its  feasibility  and 
|idvantages.  Kellogg’s  design  will  allow  for 
)|A^ide  flexibility  in  operation  and  selection  of 
fijfeedstocks  in  order  to  produce  ethylene,  pro- 

Ipylene  and  other  products  basic  to  the  chem- 
ical industry. 

jrhe  Shawinigan  Chemicals’  project  demon- 
strates the  advantages  of  efficiency  and  up- 
to-date  engineering  to  be  gained  when  full 
use  is  made  of  professional  design,  engineer- 
ing, procurement  and  construction  services. 
These  services  are  available  through  Canadian 
Kellogg.  We  welcome  your  enquiries. 


NEW  SHAWINIGAN  ETHYLENE  PLANT 

FEEDSTOCK 

Wide  range  of  naphthas  produced 
from  crude  oil.  Initially,  these  will  be 
supplied  by  The  British  American 

Oil  Company. 

PRODUCTS 

Ethylene,  propylene,  butylenes,  bu- 
tadiene, gasolines  and  fuel  oils. 

COMPLETION  DATE 

Early  1963 

KELLOGG 

RESPONSIBILITY 

Design,  procurement  of  materials, 
and  construction  of  olefin  unit,  as 
well  as  offsites,  roads,  railroad 
spurs,  buildings,  and  other  services. 
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• Discussion 

(Continued  from  page  74) 

tional  instruction  films  in  many  fields  of 
engineering.  There  has  also  been  a lack  of 
films  to  aid  in  teaching  kinematics,  and  Pro- 
fessor Pearce  is  to  be  commended  for  his 
efforts  to  fill  this  void. 

In  teaching  the  subjects  of  kinematics  and 
theory  of  machines,  all  too  often  the  stu- 
dent has  a limited  prior  knowledge  of 
mechanisms.  As  the  author  indicates,  the 
use  of  models  will  amply  serve  to  impress 
upon  him  the  motions  of  the  various  links 
making  up  the  mechanism.  Next,  the  stu- 
dent is  faced  with  analyzing  the  mechanism, 
and  as  the  lecturer  unfolds  and  explains  the 


theory,  the  student  absorbs  the  analysis  of 
velocities  and  accelerations  with  little  diffi- 
culty. However,  at  this  point  the  student 
acquires  the  impression  that  the  analysis  as 
presented  is  either  representative  for  all 
positions  of  the  cycle,  or  the  lecturer  has 
mysteriously  chosen  and  presented  that  posi- 
tion where  both  the  velocities  and  accelera- 
tions are  simultaneously  a maximum.  The 
conception  that  velocities  and  accelerations 
of  each  link  vary  throughout  the  cycle 
seems  difficult  to  grasp,  and  in  addition  the 
manner  in  which  they  vary  is  unquestonably 
difficult  to  conceive.  Successful  instruction 
of  this  phase  of  kinematics  requires  time 
consuming  effort  on  the  part  of  both  the 
lecturer  and  student. 

The  writer  has  had  the  opportunity  of 
using  the  film  whose  production  is  described 


Bristol  instruments  mastermind  the  basis  weight  and  moisture  control  system 
on  the  dry  end  of  the  board  machine  at  the  new  multi-million  dollar  Price 
Brothers  Mill. 


Once  again 


provides  the  control  system 

Bristol  is  proud  to  hove  hod  o port  in  equipping  Price  Brothers 
pace-setting  new  mill  at  Kenogomi.  In  the  pulp  and  paper  industry, 
the  petro-chemical  industry,  in  mining  and  manufacturing — in  fact 
wherever  precision  measuring,  recording,  transmitting  or  controlling 
is  needed  by  industry,  you  will  find  Bristol  installations. 

For  information  and  literature,  write  or  call 

Bristol 

OF=  C/V.ISJADA  LIIN/IITEO 

TORONTO  • MONTREAL  • HAMILTON  • CALGARY  • VANCOUVER 


BRISmOl’S 


in  this  paper.  A considerable  portion  of 
the  course  on  kinematics  and  theory  of 
machines  at  the  University  of  Toronto  had 
been  completed  and  the  idea  of  phase 
dependency  of  velocity  and  accelerations 
was  being  stressed  when  the  film  became 
available.  The  presentation  of  the  10-minute 
film  had  a most  gratifying  impact  on  the 
class  and  left  a clear  impression  of  phase 
dependency.  Although  only  the  four-bar 
mechanism  was  used,  the  class  appeared 
more  aware  of  phase  dependency  of  other! 
mechanisms  throughout  the  remainder  of  the!  | 
course.  i ^ 

Because  of  the  nature  of  kinematics  the'  - 
method  used  in  producing  an  animated  film!- 
must  be  essentially  that  employed  in  the< 
production  of  cartoon  films.  This  suggests! 
that  there  are  few  possible  short  cuts  in' 
the  method  used  by  the  author,  making  the| 
production  of  such  films  unavoidably  time 
consuming. 

In  conclusion  the  author  should  be  en- 
couraged to  continue  his  work  on  teaching 
aids  for  kinematics,  and  it  is  to  be  hoped 
that  he  will  produce  more  such  animated 
films.  Such  films  will  surely  prove  to  be 
invaluable  for  more  successful  engineering 
instruction. 


Discussion  by 
J.  Deane 

I have  been  most  impressed  by  the  auth- 
or’s method  of  presenting  a concept  that  « 
is  normally  rather  baffling  to  new  students. 

I wonder  if  the  author  has  given  any 
thought  to  the  use  of  an  automatic  plotter  ! 
to  transform  the  output  of  the  digital  com- 
puter to  a diagram  on  paper.  Nowadays, 
such  plotters  are  “off-the-shelf”  items.  It  !; 
would  appear  that  elimination  of  this  bottle-  ) 
neck  would  shorten  the  whole  film  produc-  î 
tion  system  considerably.  Ï 


Discussion  by 
I.  W.  Smith 

Professor  Pearce  is  to  be  congratulated  on 
having  made  a considerable  contribution  to 
the  teaching  of  mechanism  kinematics,  by 
first  preparing  an  education  film  and  sec- 
ondly by  making  available  the  details  of 
its  production.  By  the  use  of  relatively 
simple  equipment  and  a straightforward  pro- 
cedure he  has  produced  a very  credible 
result.  He  also  modestly  omits  mention  of 
the  large  amount  of  skill,  patience,  and  time 
that  he  contributed  to  make  it  a success. 

The  teaching  of  mechanism  kinematics  has 
always  been  defected  by  a lack  of  adequate 
visualization  by  the  student.  He  is  usually 
in  the  sophomore  year  when  the  course  is 
taken  and  has  had  very  little  actual  contact 
with  mechanisms  that  employ  cranks,  link- 
ages, or  cams.  Working  models  that  he  can 
personally  operate  are  helpful  but,  as  the 
author  points  out,  only  a limited  return  can 
be  expected  from  their  use.  I am  sure  every 
educator  faced  with  this  problem  has  con- 
sidered the  use  of  an  animated  film. 

The  usual  engineering  approach  to  a prob- 
lem includes  an  attempt  to  balance  the  cost 
of  the  project  against  the  benefits  to  be  de- 
rived. In  education  the  cost  factor  is  a bal- 
ance between  capital  outlay,  teacher  time 
and  student  time.  The  benefits  derived,  in 
the  form  of  effective  teaching,  are  difficult 
to  assess  as  the  author  has  pointed  out.  All 
good  teachers  have  a desire  to  perfect  their 
teaching  methods,  but  achieving  absolute 
perfection  usually  requires  far  more  prepa- 
ration time  than  is  normally  available.  So 
a compromise  must  be  made,  resulting  in 

(Continued  on  page  118) 
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F YOU  HAVE  A PROBLEM  WITH  WATER  OR  OTHER  LIQUIDS|We  can  help  you.  Graver  systems  are  widely  and 
profitably  used  for  liquid  conditioning,  product  recovery,  liquid-solids  separation,  purification,  and  other  related  processes, 
We  design  and  manufacture  equipment  and  processes  for  boiler  feedwater  treatment,  municipal  and  industrial  water  treat- 
ment, industrial  waste  treatment,  and  chemical  processing.  Our  experience  is  extensive,  with  a national  and  international 
background,  and  we  have  a research  and  development  programme  that  is  modern,  flexible  and  geared  for  the  future.  We 
would  like  to  consider  you  part  of  our  future  and  we  invite  your  enquiries.  GRAVER  WATER  CONDITIONING 


DIVISION-PROCOR  LIMITED,  THIRD  LINE,  OAKVILLE,  ONTARIO 


PRONTO  URANIUM  MINES  LIMITED  HOOKER  CHEMICALS  LIMITED  ONTARIO  HYDRO 
UNIVERSITY  OF  TORONTO  SiMPSONS-SEARS  SHELL  OIL  BURNS  & CO.  LIMITED 
SALADA-SHlRRiFF-HORSEY  MACMILLAN,  BLOEDEL  AND  POWELL  RIVER  LIMITED 

C.P.R.  CONSOLIDATED  MINING  AND  SMELTING  CYANAMID  OF  CANADA  LIMITED 
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QUALITY 


IN  CANADA 


LONDON 


VANCOUVER 


PERSONALS 

(Continued  jruin  page  90) 


G.  H.  Blumenauer 
M.E.I.C. 


E.  E.  Moore  i 


George  H.  Blumenauer,  m.e.i.c.  (U.B.C.i  I 
’45)  has  been  elected  President  of  Otis’  I 
Elevator  Company  Limited.  Mr.  BIu-  * 
menauer  joined  the  company  in  1946. 
After  varied  experience  in  the  Sales  and 
Service  Divisions,  he  was  appointed  As- 
sistant District  Manager,  and  then  Dis- 
trict Manager  in  the  Toronto  area.  In' 
1961,  he  was  elected  vice-president. 


E.  E.  Moore  has  been  appointed  district 
manager,  industrial  engines  sales  at  thej 
newly  opened  Calgary,  Alberta  branch 
office  of  the  Orenda  Engines  Division  of. 
Hawker  Siddeley  Canada  Ltd.  Mr.! 
Moore,  an  engineering  graduate  of  Okla-j 
homa  State  University,  will  have  hisj 
office  in  Calgary’s  Wales  Hotel  Building.] 


John  L.  Durrell,  m.e.i.c.  (Queen’s  ’51) 
has  been  appointed  Division  Engineer, 
Mining  and  Metallurgy,  Foundation  of 
Canada  Engineering  Corporation  Lim- 
ited. Mr.  Durrell  joined  FENCO  in  1955^ 
as  a Group  Leader,  Mechanical  Services. 
Two  years  later  he  became  Project  Engi- 
neer co-ordinating  FENCO  work  in  min- 
ing and  metallurgy  and  heavy  industry. 
He  will  be  based  in  Toronto. 


J.  L.  Durrell,  D.  A.  Cockburn 

M.E.I.C. 


Allan  S.  Binns  has  been  appointed  senior 
salesman,  Toronto  Branch,  for  the  In- 
dustrial Products  Group  of  Honeywell 
Controls  Limited.  Mr.  Binns  will  be  re- 
sponsible for  pulp  and  paper,  and  scien- 
tific accounts  in  the  Toronto  area.  Don- 
ald A.  Cockburn  has  been  appointed 
Market  Supervisor-Mining  for  Honey- 
well. Mr.  Cockburn  will  be  responsible 
for  market  sales  and  application  of  in- 
strumentation in  the  mining  and  metal 
processing  industries. 
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FI.  P.  Klassen,  m.e.i.c.  (Sask.  ’52),  of 
Underwood  McLellaii  and  Associates 
Limited,  has  been  named  Vice  Presi- 
dent mid  Area  General  Manager  for 
Saskatchewan.  His  offices  will  be  located 
in  Saskatoon  and  Regina. 


ONLY  YOUR  BALANCE  SHEET 
KNOWS  THE  DIFFERENCE 


I 

I 

, Donald  C.  Turner,  m.e.i.c.  (McGill  ’32) 
;jhas  been  named  assistant  secretary  of 
jthe  Ganada  Starch  Company  Limited. 
I Mr.  Turner  is  past-chairman  of  the 
j BrockHlle  Branch  of  the  Institute,  and 
lis  a fellow  of  the  Chemical  Institute  of 
I Canada.  In  addition  to  his  new  duties, 
' he  will  continue  in  his  present  capacity 
as  chief  personnel  officer. 


H.  P.  Klassen, 

M.E.I.C. 


D.  C.  Turner, 

' M.E.I.C. 

I 


i L.  H.  Fransen,  m.e.i.c.  (U.B.C.  ’52) 

' has  been  appointed  Assistant  to  the 
I Superintendent  of  Engineering  Services, 
Engineering  Division  of  The  Consoli- 
; ] dated  Mining  and  Smelting  Company  at 
■!  Trail,  B.C. 


QUALITY 

CASTINGS 


1 D.  J.  Inglis,  A.M.E.i.c.  (U.  of  Aber- 
I deen  ’50)  has  been  named  Manager  of 
i tlie  newly  formed  Pollution  Control  Divi- 
. sion  at  Flygt  Canada  Limited.  Mr.  Inglis 
j has  had  extensive  experience  in  the  sani- 
tary engineering  field,  including  respon- 
1 sibility  for  the  complete  design,  installa- 


I tion  and  operation 
I Flygt’s  new  line  of 


D.  J.  Inglis, 

I A.M.E.I.C. 


of  various  units  in 
sewage  equipment. 


J.  K.  Young, 

M.E.I.C. 


BRONZE  - BRASS  - ALUMINUM  - MONEL 

Castings  may  look  alike  . . . but  only  Union 
Castings  pay  the  big  dividends  on  a balance 
sheet.  Specifying  Union  means  sound  castings 
with  controlled  analysis  for  each  application  — 
an  investment  made  to  last. 

Sixteen  ounces  ...  or  three  thousand 
pounds  — Union  handles  each  with  care  in  one 
of  Canada’s  most  modern  non-ferrous  foundries. 

UNION  QUALITY  PATTERNS 

Dependability,  design  and  accuracy  are  built 
into  Union  Patterns  whether  they  be  of  wood  or 
metal — Pressure  cast  match  plates  a specialty. 

Invest  in  the  best. 


J.  K.  Young,  M.E.I.C.  (U.N.B.  ’45)  has 
established  a new  construction  company 
specializing  in  drainage  construction  and 
soft  earth  tunnehng.  The  firm,  Kilbarco 
Construction  Ltd.,  will  have  offices  in 
Montreal,  Fredericton,  N.B.  and  Amherst, 
N.S.  Mr.  Young  was  formerly  associated 
with  Armco  Drainage  & Metal  Products 
Canada  Ltd. 

(Continued  on  page  112) 


THE  UNION  SCREEN  PLATE  COMPANY 
OF  CANADA  (LIMITED) 

HEAD  OFFICE:  LENNOXVILLE,  QUE. 

3 PLANTS  TO  StkV[  YOU  — AT  STkATTGK  LOCATIONS 
PLANT  and  SALES  OFFICES:  LENNOXVILLE,  MONTREAL,  P.Q.and  BRAMPTON,  ONT. 
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PE^SOMALS 


(Continued  from  page  111) 


Gordon  W.  Walker 

M.E.I.C. 


Gordon  W.  Walker,  m.e.i.c.  (Alta.  ’49) 
has  been  appointed  Manager  of  Techni- 
cal Services  at  The  Alberta  Gas  Trunk 
Line  Company  Limited.  Mr.  Walker 
has  had  a broad  background  in  pipeline 
design  and  construction.  In  his  new 
position,  Mr.  Walker  will  be  responsible 
for  the  design  and  construction  of  gas 
pipeline  projects. 


Obituaries 


E.  W.  R.  Steacie 

M.E.I.C. 


E.  W.  R.  Steacie,  hon.  m.e.i.c.  Presi- 
dent of  the  National  Research  Council 
and  one  of  the  world’s  foremost  physical 
chemists,  died  at  Ottawa  August  28.  He 
was  61. 

Dr.  Steacie  was  internationally  re- 
nowned as  a scientist  and  at  the  time  of 
his  death  was  serving  a three-year  term 
as  President  of  the  International  Coun- 
cil of  Scientific  Unions,  the  chief  non- 
governmental organization  of  co-ordinat- 
ing international  activity  in  science. 

During  the  1962  Annual  Meeting  of 
the  Engineering  Institute  of  Canada  Dr. 
Steacie  was  awarded  an  Honorary  Mem- 
bership for  his  outstanding  service  to  the 
profession. 


ff  Industrisl  Development 
f Services  Rendered 

I 


Dr.  Steacie  was  bom  in  Montreal  and 
earned  his  B.Sc.,  M.Sc.,  and  Ph.D.  de- 
grees from  McGill,  where  he  subse- 
quently taught  until  1939.  In  that  year 
he  joined  the  National  Research  Council 
as  Director  of  the  Division  of  Chemis- 
try. He  became  Vice-President  (Scien- 
tific) in  1950  and  in  April,  1952,  was 
named  President  of  the  NRC. 


E.  G.  M.  Cape,  DSO,  m.e.i.c.,  supervisor 
of  the  construction  of  many  well-known 
buildings  in  Eastern  Canada,  died  Sep- 
tember 16  in  Montreal.  He  was  84. 

Col.  Cape  was  born  in  Hamilton,  and 
was  educated  at  McGill  University, 
where  he  graduated  with  a BSc.  degree 
in  1898.  He  became  a Member  of  the 
Institute  in  1899.  He  became  a Life 
Member  in  1947.  Before  founding  E.G.M. 
Cape  Co.  in  1906,  he  was  assistant  en- 
gineer of  the  Lake  Superior  Power  Co., 
and  then  chief  engineer  of  the  Canada 
Car  Co.  in  Montreal.  At  the  outbreak  of 
World  War  I,  he  recruited  and  com- 
manded the  3rd  Canadian  Seige  Battery, 
later  known  as  “Cape’s  Battery’’.  Col. 
Cape  was  awarded  the  DSO  for  bravery 
under  fire  during  the  battles  of  the 
Somme  and  Vimy  Ridge  during  World 
War  I. 

Col.  Cape  served  as  president  of  his . 
firm  until  1950  when  he  became  chair- 
man of  the  board.  He  became  honorary 
chairman  in  1958. 


CALGARY  POWER  LTD. 


Advice  to  Existing  Industry 
on  Diversification 


Information  on  Natural 
Resources  including  Oil, 
Natural  Gas,  L.P.G.  and 
Agriculture 


Information  on 
Economics  and 
Geography  in  relation 
to  Alberta  Plant  Sites 


Manufacturing 

Opportunities 


Market  Statistics 


Write  or  Phone: 

E.  H.  PARSONS, 

Director,  Industrial  Development, 
CALGARY  POWER  LTD,, 

140  - 1st  Avenue  S.W., 

Calgary,  Alberta 

Telephone  AM  6-4631 


Power  Cost  Analysis 
G.  A,  Engbloom,  P.Eng. 
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Engineers’  Ball 


r 


f 

1 


The  Hamilton  Branch  of  the 
E.I.C.  is  holding  its  annual 
Professional  Engineers’  Ball  at 
Eischer’s  Hotel  in  Hamilton  on 
Saturday,  November  10. 

A limited  number  of  tickets 
are  available  to  this  dinner 
dance  which  will  honour  the 
75th  Anniversary  of  the  In- 
stitute. 


EURTHER  INEORMATION 
MAY  BE  OBTAINED  EROM 
B.  N.  PETERSON, 
ROBERTSON-IRWIN 
LIMITED, 
HAMILTON 


i 

I 


COMING  EVENTS 

Sixth  World  Power  Conference.  Mel- 
bourne, Australia.  October  20-27. 

Chemical  Institute  of  Canada.  Engineer- 
ing Institute  of  Canada.  Chemical  En- 
gineering Division.  1962  Canadian 
Chemical  Engineering  Conference. 
Sarnia,  Ont.  October  22-24. 

Institute  of  Radio  Engineers.  Electronic 
Devices  Meeting.  Washington,  D.C. 
October  25-27. 

American  Institute  of  Mining,  Metallurgi- 
cal and  Petroleum  Engineers  Inc., 
Metallurgical  Society.  Fall  Meeting 
New  York.  October  29-November  1. 

Society  for  Non-Destructive  Testing. 
22nd  Annual  Meeting.  New  York. 
October  29-Novembr  2. 

Society  of  Automative  Engineers  Inc. 
Combined  National  Fuels  and  Lubri- 
cants; Powerplant  and  Transportation 
Meetings.  Philadelphia,  Pa.  October 
29-November  2. 

Institute  of  Radio  Engineers,  American 
Institute  of  Electrical  Engineers, 
American  Institute  of  Mining,  Metal- 
lurgical and  Petroleum  Engineers  Inc., 
American  Institute  of  Physics.  Eighth 
Conference  on  Magnetism  and  Mag- 
netic Materials.  Pittsburg,  Pa..  Nov. 
12-15. 


American  Petroleum  Institute.  42nd  An- 
nual Meeting.  Chicago.  November 


12-15. 


ir 

ANNUAL  MEETING 


of  the 

Engineering  Institute 
of  Canada 


CHATEAU  FRONTENAC 
QUEBEC  CITY 
May  22  - 24, 1963 


Plan  NOW  To  Attend 
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CALL  FOR  PAPERS 
FOR  THE  FOURTH 

JOINT  AUTOMATIC  CONTROL  CONFERENCE 

THE  FOURTH  JOINT  AUTOMATIC  CONTROL  CONFERENCE  WILL  BE  HELD  AT  THE 
UNIVERSITY  OF  MINNESOTA  IN  MINNEAPOLIS  ON  JUNE  19-21,  1963.  PAPERS  ON  CON- 
TROL THEORY,  APPLICATIONS,  AND  COMPONENTS  NOW  ARE  BEING  INVITED. 


Meetings  of  Special  Interest  to  E.I.C.  Members 

OCTOBER  22-24  EARLY  DECEMBER  1962 

Joint  CIC-EIC  Chemical  Engineering  Divisional  Northwestern  Ontario  Regional 

Technical  Conference  at  Sarnia  Technical  Conference  at  Fort  William 

FALL  OF  1962  FALL  OF  1963 

Newfoundland  Regional  Conference  St.  Maurice  Valley  Regional  Technical 

Conference  at  Grand’Mere 


The  sponsoring  societies  of  the  JAAC  are  the  American  Institute  of  Chemical  Engineers  (which  has 
prime  responsibility  in  1963),  the  American  Institute  of  Electrical  Engineers,  the  American  Society  of  Mech- 
anical Engineers,  the  Institute  of  Radio  Engineers,  and  the  Instrument  Society  of  America.  Abstracts  and 
papers  may  be  submitted  through  the  member  society  headquarters  with  the  designation  “for  1963  JACC” 
or  to  the  Program  Chairman,  Professor  Otis  L.  Updike,  Department  of  Chemical  Engineering,  University  of 
Virginia,  Charlottesville,  Va.  Early  submission  is  urged.  Further  details  on  paper  submission  will  be  supplied 
after  abstracts  are  received.  The  deadline  schedule  has  been  established  to  permit  full  preprinting  of  con- 
ference papers. 

Papers  prepared  for  the  Congress  of  the  International  Federation  for  Automatic  Control  in  Basle  may 
be  presented  also  at  the  JACC,  and  will  be  preprinted  in  abstract  only  to  conform  with  IF AC  requirements. 


1962  Canadian  Chemical  Engineering  Conference 

C.I.C.  - E.I.C. 

Sarnia,  Ontario  — October  21-24,  1962. 


Sunday,  Oct.  21,  1962  — Coffee  Party 

Monday,  Oct.  22,  1962  — 9:30  a.m.  — technical  session  1 
Heat  Transfer  — Three  Technical  Papers 
TECHNICAL  SESSION  2 — General  — Three  Technical 
Papers 

12:30  p.m.  — Luncheon  — R.  E.  McBurney,  N.R.C.  — 
Speaker 

2:15-4:30  p.m.  — Eight  plant  tours 

2:15-4:30  p.m.  — technical  session  3 — Chemical  Reac- 
tion — ■ Four  Technical  Papers 

Evening  — Annual  Dinner  — Speaker 

Tuesday,  Oct.  23,  1962  — 9:00  a.m.  — technical  session  4 
Heat  Transfer  — Three  Technical  Papers  scheduled 
technical  session  5 — Caustic-Chlorine  Technology 
— Three  Technical  Papers 

11:30  a.m.  — R.  S.  Jane  Memorial  Lecture  — Dr.  F.  A. 
Forward 


12:45  p.m.  — Luncheon,  Sarnia  Riding  Club  — Speaker 
J.  Newell 

2:30  p.m.  — technical  session  6 — Mass  Transfer  — 
Four  Papers 

technical  session  7 — Chemical  Plant  Maintenance 
— Four  Technical  Papers 

8:15  p.m.  — Report  of  the  Chemical  Engineering  Division 
Computer  Project  — A.  I.  Johnson 
— Joint  Meeting  with  Sarnia  C.I.C.  Section 
— Machine  Computation  for  Chemical  Engineers, 
A.  I.  Johnson 

Wednesday,  Oct.  24,  1962  — 9:00  a.m.  — technical  ses- 
sion 8 — Heat  Transfer  — Four  Technical  Papers 

technical  session  9 — Industrial  Waste  Disposal  — 
Four  Technical  Papers 

Noon  — Informal  Luncheon  — Sarnia  Golf  & Curling  Club 

2:00  p.m.  — technical  session  10  — Industrial  Develop- 
ment — Training  and  Trends  — Four  Technical  Papers 
technical  session  11  — General  — Four  Technical 
Papers 
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FIRST  NORTHWESTERN 
ONTARIO  REGIONAL 
CONEERENCE 

Port  Arthur 
Prince  Arthur  Hotel 
December  7,  1962 


9:00  a.m. — 10:00  a.m. 
10:00  a.m. — noon 
Noon — 2:15  p.m. 

2:30  p.m. — 4:30  p.m. 
5:30  p.m. — 7:30  p.m. 

7 :30  p.m. 

9:00  p.m. — 1:00  a.m. 


Registration 
Technical  Session 
Lunch,  Guest  Speaker 
Technical  Session 
Reception 
Dinner,  informal 
Dance 


SKULE  NITE  6T3 

Presented 

By  The  University  of  Toronto 
Engineering  Society 

Hart  House  Theatre,  Toronto 
November  13,  14,  15,  16,  17 

The  1963  version  of  this  popular  campus  revue 
commemorates  the  40th  anniversary  of  the  beginning 
of  the  show  in  1923. 

Some  50,000  persons  have  attended  Skule  Nite 
since  1923,  and  it  is  hoped  many  will  return  to  re- 
kindle the  pleasant  memory. 


TECHNICAL  PAPERS 

FOR  THE  1963  ANNUAL  GENERAL  MEETING 


Members  are  reminded  that  they  are  invited  to  submit  papers  for  presentation  at  the  Annual 
Meeting  in  Quebec  City,  May  22-24,  1963.  Deadline  for  complete  manuscripts  is  January  31, 
1963.  (Ideal  length  is  equivalent  of  4 to  5 Journal  pages.) 

Abstracts  or  summaries  of  400-500  words  should  be  sent  without  delay  to  the  appropriate  C.T.O. 
Division  Chairman  listed  below  for  his  consideration  in  each  case: 
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papers  to  Mechanical  Division.) 
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LETTER 

TO  THE  EDITOR 

NEVER  A DULL 
BENDING  MOMENT 


Dear  Sir: 

It  occurred  to  me  the  other  day— while  oiling  my  slide 
rule,  that  in  these  days  of  stress,  strain,  plastic  flaw  and 
creep,  a word  or  two  (approximately)  from  a structural 
engineer,  might  lighten  the  load— even  for  a moment,  for 
the  architect  and  also  perhaps,  provide  some  enlightenment 
to  the  man  in  the  street,  who  perchance  might  peruse 
these  lines. 

Most  people  don’t  know  what  engineers  do. 

Even  more  people  don’t  know  what  structural  en- 
gineers do. 

Structural  engineers  are  people  who  are  neither  quali- 
fied by  training— nor  by  law— to  design  or  build  buildings 
by  themselves.  They  are  neither  architects  nor  contractors. 

But,  here  is  what  they  do. 

Tliey  surround  space  with  material. 

Tlie  size  and  shape  of  the  space  is  determined  by 
architects.  That  is  what  architects  do. 

The  material  enclosing  the  space  or  spaces  must  resist 
gravity  and  wind,  with  reasonable  success. 

People  in  all  walks  of  life  are  affected,  except  those 
who  inhabit  houses.  Houses  are  accustomed  to  stand-up  on 
their  own  account— without  the  help  of  the  beam  and 
column  boys. 

Structural  engineers  are  concerned,  among  other 
things— with  floor  systems  (which  in  multi-storey  buildings, 
occurs  with  more  frequency  than  roofs)— the  function  of 
which  are  to  support  partitions  and  plumbing  fixtures. 

Ultimately,  everything  is  connected  to  the  earth’s 
crust. 

That  is  to  say— all  parts  of  a building  that  appear 
above  the  ground— are  supported  on  what  is  below  the 
ground— normally  referred  to  as  foundations. 

The  engineer’s  first  step  then  is  soil  investigation.  The 
traditional  approach  is  to  poke  a slide  rule  into  the  bottom 
of  a test  pit— and  measure  the  penetration.  The  figure  tlius 
obtained  is  inserted  into  a patented  formula— which  gives 
the  phone  number  of  a reliable  soil  consultant.  However, 
aerial  photography  is  now  replacing  this. 

The  footings  or  foundations  are  usually  medium  to 
large  blocks— under  the  basement  floor— which  are  intended 
to  prevent  undue  vertical  movement.  The  blocks  are 
located  more  or  less  under  uprights  (technical  nomenclature 
—columns)  which  are  generally  frowned  upon  by  architects. 

The  columns  carry  other  architecturally  undesirable 
elements  called  beams  or  girders.  Beams  are  small  girders 
and  vice  versa,  possibly. 

To  digress,  architects  prefer  flat  or  beamless  floors— 
or  the  “long  span  thin  plate  columnless  system”. 

The  three  basic  structural  materials  generally  employed 
are  described— very  sketchily— below: 

Reinforced  Concrete:  A material  which  exhibits  an  amazing 
tenacity  to  hold  together  in  spite  of  everything. 

Structural  Steel:  Sold  by  steel  companies— easier  to  bolt 
together  than  concrete— and  can  also  be  reused  later. 
Timber:  Satisfactorj'  if  kept  out  of  stale  air  and  fire— best 
under  water. 

A further  e.xplanation  of  the  materials  referred  to 
above  may  be  in  order:  Steel  is  well  known  to  all.  Timber 
is  wood.  Concrete  is  a mixture  of  water,  cement,  sand, 
crushed  stone,  all  dried-up.  Cement  is  a mysterious  material 
—mostly  sold  in  bags— which  should  not  get  wet.  Reinforc- 
ing consists  mainly  of  small  round  rods— embedded  some- 


where within  the  mass  of  the  concrete— and  placed,  par- 
ticularly by  the  impartial  contractor,  near  the  neutral  axis. 
The  reinforcing  holds  the  cracked  portions  of  the  concrete 
together. 

A word  about  plans 

Firstly,  architectural  plans  are  blue  prints— which  by 
means  of  lines  in  two  directions— generally  show  where 
nearly  everytliing  goes.  Blue  prints  are  cheaper  than  white 
prints— and  also  night  courses  concentrate  mostly  on  “How 
to  read  blue  prints”. 

Structural  plans  show  what  is  eventually  concealed  by 
architectural  materials— which  is  why  nobody  knows  any- 
thing about  structural  engineers.  However,  structural  draw- 
ings are  referred  to,  occasionally,  by  what  is  known  as  a 
contractor. 

The  contractor  is  a man— or  group  of  men— who  con- 
spire to  successfully  evade  most  of  what  is  shown  on  the 
plans— particularly  reinforcing  steel. 

A word  about  specifications. 

Specifications— which  accompany  drawings— are  a very 
boring  written  description  of  what  is  missing  on  the  plans, 
and  generally  are  not  taken  too  seriously  by  the  building 
trade.  This  has  given  rise  to  the  “specifications  writers 
association”— a dedicated  body  striving  at  least  to  be  heard 
—if  not  read. 

The  structural  specification  however,  is  quite  simple— 
and  is  usually  confined  to  a note  on  the  drawing,  which 
specifies  the  age  of  the  concrete  at  28  days. 

A brief  reference  to  inspection. 

The  inspector  is  a man  or  group  of  men— engaged  by 
the  architect  or  engineer— but  generally  paid  by  the  con- 
tractor to  watch  the  contractor.  Contractors  resent  criti- 
cism—and  prefer  the  inspector  who  is  understanding  and 
forgiving. 

Lastly,  insurance. 

This  is  something  the  architect,  engineer  and  con- 
tractor buy— should  what  they  plan  and  build,  collapse,  in 
which  case,  the  insurance  company  hires  an  expert  to 
prove  it  didn’t. 

The  foregoing  is  an  all  too  brief  account  of  what 
structural  engineering  is  all  about— and  anything  that  has 
been  written  should  not  be  construed  or  interpreted  in  any 
way— and  all  references  to  the  other  professional  con- 
spirators, although  inevitable,  is  unintentional. 

This  article  may  be  quoted  from  in  whole  or  in  part 
—even  though  the  writer  may  be  jointly  and  severally 
responsible. 


L.  Shector,  m.e.i.c, 
Montreal 


STUDENTS; 


ATHLONE  FELLOWSHIPS  |l 

Forty-one  young  Canadian  engineers  again 
will  be  selected  this  fall  for  two  years  of  training  | 
in  industrial  establishments  or  universities  in  j 
Britain  under  the  Athlone  Fellowships  Scheme.  || 

Selection  Boards  for  the  Awards  will  sit  at  f 
17  Canadian  universities  which  grant  degrees  in 
engineering.  The  Boards  will  meet  in  October, 
November  and  December,  with  the  first  being 
held  at  Carleton  University,  Ottawa,  October  24.  i 

Information  concerning  eligibility,  and  ap- 
plication forms,  may  be  obtained  now  from  your 
Registrar. 
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It  takes  5 years  to  throw  the  switch! 


To  research,  design,  construct,  equip  and 
produce  electrical  power  requires  time  — 
usually  about  five  years.  But  time  alone 
builds  nothing  but  a past  — it  takes  time 
plus  men,  machines  and  materials  to  build 
and  create  power  projects.  Manitoba  Hydro 
is  people:  people  on  the  move  researching 


better  resources  and  better  methods  to  help 
all  of  Canada  grow  and  prosper . . . through 
electricity. 

MANITOBA  HYDRO 
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• Library  Notes 

(Continued  from  page  102) 

NOUVEAU  TRAITE  DE  MATERIAUX  DE 
CONSTRUCTION,  VOL.  1,  2 ED. 

First  volume  of  three  of  an  extensive 
treatise  on  construction  materials.  The 
first  three  chapters  cover  basic  proper- 
ties of  materials,  building  stone,  and 
aggregates;  the  remaining  1150  pages 
deal  with  cements  and  concrete — their 
constitution,  properties,  and  the  general 
methods  of  use.  Numerous  tables  and 
graphs  add  to  the  usefulness  of  tlie 
work.  There  is  an  extensive  bibliography 
of  mostly  French  references,  and  a de- 
tailed subject  index  by  chapters.  (M. 
Duriez  and  J.  Arrambide.  Paris,  Dunod, 
1961.  1491p.,  225  NF.) 


NON-DESTRUCTIVE  TESTING  OF  CONCRETE. 

This  is  a description  of  four  methods 
of  non-destructive  testing  of  concrete: 
resonance,  pulse,  radioactive  absorption, 
and  hardness  methods,  with  a discus- 
sion of  the  physical  and  experimental 
basis  of  each.  The  scope  and  limitations 
of  each  method  and  the  relations  be- 
tween the  measured  quantities  and  the 
strength  properties  of  concrete  are  em- 
phasized. (R.  Jones.  Toronto,  Macmillan, 
1962.  103p.,  $4.25.) 


AN  ENGINEERING  THEORY  OF  PLASTICITY. 

In  this  translation  of  a Russian  work, 
the  author  develops  the  principles  of 
engineering  methods  for  calculating  de- 


EIC CERTIFICATE  OF 


How  do  you  find  an  interesting  way  of 
telling  engineers  you  manufacture  a pre- 


AUTOMATIC  PACKAGED 
SEWAGE  LIFT  STATIONS 


formation  forces  encoimtered  in  the  prin- 
cipal processes  of  working  metal  by 
pressure.  The  first  three  chapters  set 
out  the  physical  principles  of  plastic 
flow,  and  analyze  the  basic  factors  af- 
fecting the  course  of  the  process  of 
plastic  flow,  the  structure  of  the  de- 
formed metal,  and  its  mechanical  pro- 
perties. There  follow  two  chapters  de- 
voted to  the  study  of  stress,  while  the 
last  five  set  out  the  experimental  basis 
of  the  suggested  method  and  its  applica- 
tion. (E.  P.  Unksov.  Toronto,  Butter- 
worth,  1961.  275p.,  $14.) 


TABLES  FOR  ULTIMATE  STRENGTH  DESIGN 
OF  REINFORCED  CONCRETE  BEAMS 
JOISTS  SLABS. 

A set  of  ready-reference  tables  for 
the  designers,  to  aid  him  in  selecting 
the  proper  size  and  reinforcement  for 
the  conditions  indicated  by  his  own 
computations  of  moments  and  shears. 
The  basic  theories  and  derivations  of  ul- 
timate strength  design  are  briefly  pre- 
sented, with  sample  problems.  Also  in- 
cluded is  an  “ultimate  strength  wind 
formulas  graph,”  with  derivation.  (James 
Cunningham  and  others.  Jacksonville, 
CKNP  Tables,  1961.  177p.,  $4.95.) 


semiconductor  device  physics. 

Those  aspects  of  physics  necessary  to 
understand  semiconductor  devices  are 
presented  in  a unified  fashion.  Speci- 
fic topics  discussed  include  quantum 
physics,  thermostatics  and  statistical 
physics,  energy  bands  and  carrier  sta- 


tistics, the  theory  of  junction  devices, 
periodic  structures  and  energy  bands,  ir- 
reversible thermodynamics,  transport 
theory,  and  semiconductor  parameters 
( Allen  Nussbaum,  Englewood  Cliffs, 
Prentice-Hall,  1962.  340p.,  $11.) 


the  planning  and  design  OF  AIRPORTS. 

The  various  aspects  of  airport  planning 
and  design  are  covered,  ranging  from 
the  nature  of  civil  aviation  to  airport 
financing,  airport  site  selection,  landing 
areas,  terminal  areas,  and  lighting.  Tech- 
niques for  estimating  volumes  of  pas- 
sengers and  aircraft  are  described,  as 
are  the  function  and  operation  of  air 
traffic  control.  ( Robert  Horonjeff.  Toron- 
to, McGraw-Hill,  1962.  484p.,  $16.75.) 


SYMPOSIUM  ON  ELECTRICAL  CONDUCTIVITY 
IN  ORGANIC  SOLIDS. 

This  volume  includes  the  papers  pre- 
sented at  a symposium  held  at  Duke 
University,  in  1960.  The  papers  cover  a 
wide  variety  of  topics,  including  charge- 
transport  processes  in  organic  materials, 
properties  of  aromatic  hydrocarbons, 
photoelectric  properties  of  semiconduct- 
ing organic  dyes,  analyses  of  molecular 
crystals,  chemical  aspects  of  semi-con- 
ductive  compounds,  semiconductive  pro- 
perties of  molecular  complexes,  and  elec- 
tric and  magnetic  properties  of  low- 
resistance  organic  semiconductors.  (Ed. 
by  H.  Kallmann  and  M.  Silver.  New 
York,  Wiley /Interscience,  1961.  398p., 
$12.50.) 


ADVERTISING  MERIT 


fabricated  sewage  lift  station  package, 
complete  with  pumps,  air  conditioning, 
controls  and  wet-wall  structure?  Bab- 
cock-Wilcox  and  Goldie-McCulloch  Lim- 
ited did  it  with  a cut-away  drawing 
imbedded  in  a green  profile  of  the  earth, 
complete  with  sprouting  grass  on  top. 
And  it  was  so  successful  it  captured  the 
Monthly  Award  as  the  best  advertise- 
ment in  the  July  issue  of  The  Journal. 
The  add  is  two-colour,  full  page,  and  is 
headed:  “B&W  Automatic  Packaged 
Sewage  Lift  Stations”.  The  B&W  is  a 
large  use  of  the  corporate  logotype. 


Each  month  a different  panel  of  50 
Journal  readers  from  across  Ganada  is 
asked  to  select  the  award-winning  ad 
from  the  viewpoint  of  AGGURAGY- 
INFORMATION  and  ATTRAGTION. 
Babcock-Wilcox  and  Goldie-McGulloch 
Limited  advertising  is  produced  by  the 
Toronto  office  of  Gockfield,  Brown  & 
Go.  Ltd.,  G.  W.  McLeod,  account 
supervisor,  G.  J.  Rawnsley,  account 
executive.  Gompany  advertising  man- 
ager is  V.  A.  Johnson.  Agency  and 
Company  will  both  receive  a framed 
fcertificate  from  The  Journal. 


SPUN  ROCK 


BLANKETS 


and 

PIPE  INSULATION 

for  Canadian  industry 

Has  all  the  features  expected  of  a 
good  thermal  insulation,  plus  these 

IMPORTANT  EXTRAS: 


• Long,  resilient,  stable  fibres; 
no  binder 

• Non-corrosive  to  any  metal 

• Withstands  continued 
vibration 

• Maximum  thermal  efficiency 
at  temperatures  as  high  as 
1200°  F. 

• Made  from  rock,  by  electric 
furnace  process. 

• Conforms  to  Commercial 
Standards  CS-1 17-49 


Technical  information  and  samples  available. 


SPUN  ROCK  WOOLS 


LIMITED 
Thorold  Ontario 

ooot 


126 


THE  ENGINEERING  JOURNAL  OCTOBER,  1962 


SQVARE-LOOP  FERRITE  CIRCUITRY. 

The  discovery  of  ferrite  materials  with  a rectangular 
In’steresis  loop  has  aided  in  the  development  of  high  speed 
digital  computers.  It  enabled  the  development  of  storage 
SNStems  which  were  cheap,  reliable  and  which  made  in- 
foiTnation  available  in  microseconds.  The  author  discusses 
the  properties  of  square-loop  ferrites,  their  use  in  coincident 
drive  and  word  access  storage  systems  and  matrix  and 
logical  circuits.  Ninety-two  diagrams  are  included.  (C.  J. 
Quartly.  London,  Iliffe,  1962.  166p.,  42s.) 


APPLIED  THERMODYNAMICS  PROBLEMS  FOR  ENGINEERS. 

This  book  was  written  to  be  used  in  conjunction  with 
thermodynamics  texts  rather  than  to  replace  them.  Each 
chapter  deals  with  a particular  aspect  of  thermodynamics 
such  as  combustion  turbines,  air  compressors  and  gas  laws, 
and  works  through  problems  related  to  the  topic.  At  the 
end  of  each  chapter  is  a set  of  problems  with  hints,  inter- 
mediate steps  and  final  answers.  This  book  is  useful  for 
students  with  the  prospect  of  an  examination  before  them. 
(H.  T-  Peck  and  A.  J.  Richmond.  London,  Edward  Arnold, 
196i.  344p.,  $3.80.) 


“vector  mechanics  for  ENGINEERS,  PART  II;  DYNAMICS. 

This  is  a profusely  and  well-illustrated  text  intended  for 
use  in  the  first  undergraduate  course  in  dynamics  for  en- 
gineers beyond  the  introduction  to  dynamics  in  the  usual 
physics  sequence.  The  topics  covered  include  kinematics, 
particle  dynamics,  rigid  bodies,  and  vibrating  systems. 
Answers  to  the  many  problems  are  included.  (Ed.  by  H.  R. 
Nara.  New  York,  Wiley,  1962.  434p.,  $6.50.) 

“heating  AND  HUMIDIFYING  LOAD  ANALYSIS. 

This  work  deals  primarily  with  the  accurate  determination 
of  the  design  load  necessary  for  maintaining  a selected  tem- 
perature and  humidity  within  a structure.  For  this  purpose 
it  provides  a synthesis  of  the  engineering  techniques  neces- 
sary to  achieve  an  effective  and  economic  system  design. 
Climatological,  human,  and  structural  factors  are  considered 
as  well  as  the  applications  of  thermal  engineering.  The 
mathematical  techniques  for  the  analysis  of  heat  and  mass 
transmission,  in  both  the  steady  and  unsteady  states,  are 
developed  and  demonstrated.  In  addition,  special  problems 
such  as  those  encountered  in  solar  and  panel  heating  are 
also  treated.  Comprehensive  coverage  of  design  data  in 
convenient  tabular  form  is  included.  (F.  W.  Hutchinson, 
New  York,  Ronald,  1962.  494p.,  $12.50.) 

(Continued  on  page  128) 


COMPRESSED  AIR  POWER 


NEWFOUNDLAND  & 
LABRADOR: 

DOMtNION  MACHINERY 
& EOUIPMENT 
CO.  LTD., 

56  New  Gower  Street, 
St.  John's,  Nfid. 


"BROOMWADE"  V.500 


for 

Contractors 

at  the 
LOWEST 
POSSIBLE 
COST 


QUEBEC; 

LAURIE  & LAMB  LTD., 
637  Craig  St.  West, 
Montreal  3,  Quebec. 
UNITED  CONTINENTAL 
ENGINES  LTD., 

100  Port  Royal  East, 
Montreal  12,  Quebec. 
STEPHENS  EQUIPMENT 
LTD., 

292  Decarie  Blvd., 

Ville  St.  Laurent, 
Montreal  9,  Quebec. 

AlP  & HYDRAULIC 
EQUIPMENT, 

9240  St.  Lawrence 
Blvd., 

Montreal,  Quebec. 

ONTARIO: 

LAURIE  & LAMB  LTD., 
2 College  Street, 
Toronto  2,  Ontario 
RAY'-GORDON  LIMITED, 
1385  Bloor  Street  W., 
Toronto,  Ontario. 

R.  A.  WARREN 
EQUIPMENT  LTD. 

1315  Hammond  Street, 
North  Bay,  Ontario. 
HUGGARD  EQUIPMENT 
LTD., 

1010  Memorial  Avenue, 
Port  Arthur,  Ontario. 


Here  is  the  compressor  that  contractors  have 
always  wanted  — an  easily  transportable  skid- 
mounted  set,  weighing  approximately  5 tons,  com- 
plete with  radiator  cooling. 

On  large  contracts,  where  a 50  or  60  cycle 
electric  supply  is  available,  this  specially  designed 
compressor,  type  V.500,  provides  AIR  POWER 
AT  THE  LOWEST  POSSIBLE  COST. 


Write  for  full  details 


Air  Compressors  and  Pneumatic  Tools 


YOUR  BEST  INVESTMENT 


The  90  degree  ‘V’  arrangement  of  the  cylinders 
gives  perfect  running  balance  with  an  absolute 
minimum  of  vibration. 

A highly  sensitive  regulator  operates  within  1 lb. 
per  sq.  in.  and  constantly  maintains  full  working 
pressure  under  all  variations  of  load. 

For  economy  and  efficiency  this  is  the  finest 
of  its  kind  now  on  offer. 

The  capacity  of  the  V.500  is  525  c.f.m.  of  free 
air  at  100  p.s.i. 

The  ‘V’  range  comprises  compressors  with  out- 
puts from  350-  1,000  cu.  ft.  of  free  air  delivered 
per  minute  at  the  normal  working  pressure  of 
100  p.s.i. 


ALBERTA; 

BENNETT  & EMMOTT 
LTD., 

715  - 1 1th  Ave.  West, 
Calgary,  Alberta. 


BENNETT  & EMMOTT 
LTD., 

10820  - 119th  Street, 
Edmonton,  Alberta. 


BRITISH  COLUMBIA: 

B.C.  EQUIPMENT 
CO.  LTD., 

551  Howe  Street, 
Vancouver  1,  B.C. 


SARNIA  SCAFFOLDS 
LIMITED, 

2293  Douglas  Road, 

N.  Burnaby,  B.C. 


NEW  BRUNSWICK 

GILL  & COMPANY  LTD., 
93  Bridge  Street, 
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• Library  Notes 

(Continued  from  page  127) 

THE  WAVE  MECHANICS  OF  ELECTRONS 
IN  METALS. 

The  basic  principles  of  wave  mecha- 
nics are  developed  from  the  fundamen- 
tals, and  applications  are  given  to  simple 
one-electron  systems,  atoms,  and  mole- 
cules, as  well  as  to  the  more  complex 
problems  of  metals  and  other  solids. 
Particular  attention  is  paid  to  the  calcu- 
lation of  energies — not  only  one-electron 
energies,  but  also  the  energy  of  the 
metallic  system  as  a whole.  (By  Stanley 
Raimes.  New  York,  Wiley/Interscience, 
1951.  367p.,  $13.) 


GEOLOGY  AND  ENGINEERING,  2nD  ED. 

The  significance  of  geology  in  the 
execution  of  civil  engineering  projects  is 
the  main  consideration  of  this  book. 
Following  a brief  review  of  geological 
principles,  the  author  examines  the 
main  branches  of  civil  engineering  from 
this  point  of  view:  tunnels  and  under- 
ground excavations;  open  excavation 
and  dredging;  earth  movement  and  land- 
slides; foundations  of  buildings,  dams, 
and  bridges;  reservoirs  and  catchment 
areas;  transportation  routes;  and  marine 
works.  Case  histories  are  used  to  illus- 
trate the  principles  involved.  ( R.  F. 
Legget.  Toronto,  McGraw-Hill,  1962 
884p.,  $12.50.) 


C.M.C.  #PA4, 50  ton 
special  automatic 
slotting  press 


Engineers  agree: 


specialized  machine 
does  a BETTER  job!” 


It’s  common  sense  really  — in 
every  field  of  endeavour  it’s  the 
specialist  who  does  the  hest,  most 
efficient  work.  The  same  applies  to 
machinery  ...  a special  machine 
performing  one  key  function  can 
play  a tremendous  role  in  the  con- 
stant battle  with  costs,  time  and 
production. 

Investigate  the  advantages  of 
Special  Purpose  Machinery  in 
your  operation.  We  can  design  the 
machinery  alone  or  work  with  your 
engineering  department.  Call  on 
us  without  any  obligation. 


ec;4 


CaHJPORATION  T/ro. 


GALT  • ONTARIO  • CANADA 


THEORETICAL  GEOMORPHOLOGY. 

An  advanced  mathematical  treatment 
of  the  surface  features  of  the  earth.  The 
author  describes  briefly  the  physio- 
graphic facts  of  geomorphology,  and  re- 
views some  of  the  basic  physics  neces- 
sary for  the  understanding  of  the  sub- 
sequent exposition.  He  then  gives  in 
sequence  such  topics  as  the  mechanics 
of  slope  formation,  river  bed  processes, 
the  dynamics  of  valley  formation,  the 
theory  of  subaquatic  effects,  and  niveal 
effects.  (A.  E.  Scheidegger.  Englewood 
Cliffs,  Prentice-Hall,  1961.  333p.,  $18.) 

BUILDING  CONSTRUCTION  COST  DATA, 

20tH  ED. 

This  manual  provides  average  unit 
prices  for  industrial  and  commercial 
building  construction  items  and  is  useful 
in  making  engineering  estimates.  The 
prices  are  based  on  United  States  aver- 
ages for  material  and  labor  costs  as  of 
January,  1962.  The  first  part  is  an  al- 
phabetical listing  of  materials  with  unit 
and  installation  costs,  the  second  half 
contains  breakdowns  of  these  figures, 
descriptions,  and  notes  on  the  best 
methods  to  be  used  in  handling  materials. 
(Ed.  by  R.  G.  Godfrey.  Duxbury,  Mass., 
Robert  Snow  Means  Company,  1962. 
138p.,  $3.50.) 

^ELECTRONIC  COMPUTERS: 
FUNDAMENTALS,  SYSTEMS  AND 
APPLICATIONS. 

Written  for  those  who  have  no  special 
knowledge  of  computers,  this  book  pre- 
sents an  over-all  view  of  the  various 
types.  Subject  areas  covered  are:  com- 
puting control  systems  (basic  principles, 
specific  functions,  design  considerations, 
etc.),  digital  differential  analysers  (com- 
ponents, systems,  sealing,  speed,  etc.), 
analog  computers  (components,  the  DC 
system,  programming,  design  applica- 
tions). Emphasis  is  placed  on  advantages 
and  disadvantages  of  underlying  prin- 
ciples rather  than  on  specific  machines 
or  applications.  (Ed.  by  Paul  von  Handel. 
Englewood  Cliffs,  Prentice-Hall,  1961. 
235p.,  $13.50.) 

VISUAL  ART  FOR  INDUSTRY. 

The  author,  industrial  art  director  for 
the  Hughes  Aircraft  Company,  has  writ- 
ten this  book  to  describe  the  job  of  the 
industrial  artist,  and  the  place  of 
graphic  communication  in  modem  in- 
dustry. Half  the  book  is  concerned  with 
technical  illustrations,  and  covers  draw- 
ing methods,  freehand  drawing,  ortho- 
graphic drawings,  perspective,  etc.,  and 
the  various  types  of  technical  handbooks 
and  manuals,  and  the  ways  of  illustrat- 
ing them.  A chapter  is  devoted  to  the 
different  types  of  charts  and  graphs, 
and  their  use  in  presenting  statistical 
and  non-statistical  information,  and  an- 
other covers  display  charts,  posters, 
slides  for  projection,  movies  etc.,  and  a 
final  chapter  touches  briefly  on  the 
printing  and  reproduction  of  art  work. 
This  book  makes  easy,  and  often  enter- 
taining reading,  and  is  well  illustrated. 
(George  Magnan.  New  York,  Reinhold, 
1961.  176p.,  $13.75.) 

(Continued  on  page  140) 
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uses 
nickel  to 
improve 
density  and 
mechanical  properties 


“To  assure  our  customers  top  quality  products,  we  at  Emco  use  only 
the  finest  materials  and  modern  foundry  practices  and  we  add  1%  nickel 
to  our  bronze  castings  to  improve  density  and  mechanical  properties” 


Emco  Limited,  London,  Ontario 


This  chart  illustrates  how  increased  additions  of  nickel  can  help  you  broaden  the  scope  of 
usefulness  in  a group  of  readily  producible  bronzes.  For  more  demanding  service,  nickel 
additions  in  amounts  of  3 to  8%  produce  properties,  which  are  substantially  greater  than 
those  obtainable  from  their  lesser  alloyed  companions. 


Pressure  Bronzes  in  Common  Use  Alloyed  with  Small  Amounts  of  Nickel 


Tensile 

Yield  Elonga- 

No, 

Type 

Application 

Nickel 

Copper 

Tin 

Lead 

Zinc 

Phos. 

Strength 

Point 

tion  % 

Bhn* 

8 

Fine  grained 

Pumps,  valves,  fittings, 
general  purpose 

1.50 

83.50 

5.00 

5.00 

5.00 

0.02 

38,000 

17,000 

34 

73 

9 

High  pressures 

Pumps,  valves,  specialties 

3..50 

87.00 

6.50 

2.00 

1.00 

0.02 

44,000 

23,000 

19 

77 

10 

Very  high  pressures 

Pumps,  valves,  specialties 

3.50 

88.00 

6.50 

.50  max 

2.00 

0.05 

49,000 

23,000 

48 

86 

11 

High  strength  and 
pressures 

Ni-Vee  L5-Z5 

Pumps,  valves,  fittings, 
etc. 

5.00 

Bal. 

5.00 

5.00 

5.00 

0.05 

40,000 

20,000 

20 

80 

IIHT 

Heat  treated! 

Ni-Vee  L5-Z5 

Pumps,  valves,  fittings, 
etc. 

5.00 

Bal. 

5.00 

5.00 

5.00 

0.05 

50,000 

30,000 

5 

120 

12 

Moderate  pressures 

Pumps,  valves,  fittings 

1.00 

85.00 

4.00 

3.00 

7.00 

0.02 

35,000 

17,000 

27 

62 

13 

Moderate  pressures 

Pumps,  valves,  fittings 

1.50 

85.00 

3.50 

5.00 

5.00 

0.03 

36,000 

15,000 

30 

71 

14 

Good  strength, 
pressures 

Pumps,  valves,  water  and 
gas  fittings 

2.50 

Bal. 

2.50 

5.00 

5.00 

0.05 

35,000 

17,000 

30 

60 

15 

Low  pressure 
(81  Metal) 

Plumbing  goods,  miscel- 
laneous 

3.00 

Bal. 

3.00 

7.00 

9.00 

0.05 

29,000 

13,000 

18 

55 

16 

Moderate  pressure 
(81  Metal) 

Plumbing  goods,  valves 
and  fittings 

3.00 

Bal. 

3.00 

7.00 

9.00 

0.05 

32,000 

15,000 

20 

58 

17 

High  strength 
(81  Metal) 

Plumbing  goods,  valves 
and  fittings 

5.00 

Bal. 

3.00 

7.00 

9.00 

0.05 

35,000 

17,000 

25 

60 

18 

Semi-red  brass, 
Leaded 

Plumbing  goods,  low 
pressure  work 

1.00 

Bal. 

3.00 

6.00 

15.00 

0.02 

25,000 

12,000 

15 

35 

19 

Semi-red  brass, 
high  leaded 

Plumbing  goods,  refriger- 
ator and  gas  fittings,  etc. 

2.00 

77.00 

5.00 

10.00 

6.00 

0.02 

30,000 

16,000 

20 

55 

t Heat  treatment;  5-10  hr.  at  550°  F.,  air  cool.  * Brinell  hardness  obtained  with  10-mm  hall  at  1000-kg  load. 


NICKEI Its  contribution  is  quality 


For  further  information  write  to 

THE  INTERNATIONAL  NICKEL  COMPANY  OF  CANADA,  LIMITED,  55  YONGE  ST.,T0R0NT0  1,  ONI 
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• Library  Notes  (Continued  from  page  128) 


MAGNETO-FLUID  DYNAMICS,  CURRENT  PAPERS  AND  ABSTRACTS. 

This,  the  first  bibliography  to  be  published  under  the 
auspices  of  AGARD,  NATO,  covers  thoroughly  the  field 
of  magneto-fluid-dynamics.  It  consists  of  over  two  thou- 
sand references,  with  abstracts  being  included  for  seven 
hundred  of  them.  The  references  are  divided  into  seven 
categories:  magnetohydrodynamics  (incompressible  fluids), 
magneto-gas-dynamics  (compressible  fluids),  magneto-fluid- 
dynamics,  magneto-fluid-dynamic  waves,  plasma  physics 
(particle  approach),  applied  magneto-fluid-dynamics  (aero- 
astronautical,  geophysical,  thermonuclear,  etc.)  and  proper- 
ties of  conducting  fluids.  (Ed.  by  G.  Napolitano  and  G. 
Gontursi.  O.xford,  Pergammon  Press,  1962.  251p.,  $10.00.) 


TRANSISTOR  CIRCUITS. 

The  fourth  in  this  publisher’s  Basic  Electronics  Series, 
this  volume  explains  transistor  circuit  operation  clearly  and 
simply.  It  covers  simplified  transistor  physics;  the  three 
basic  configurations,  the  common  base,  common  emitter  and 
common  collector;  oscillator  circuits,  amplifier  circuits;  de- 
tector circuits.  For  greater  clarity,  the  circuits  are  printed 
in  four  colours.  (T.  M.  Adams.  Indianapolis,  Sams,  1962. 
136p.,  $3.95.) 


"shell  research. 

A publication  of  the  papers  presented  at  a symposium 
held  in  1961  at  Delft,  Netherlands.  The  scope  of  the  sym- 
posium was  chiefly  limited  to  a consideration  of  experi- 
mental investigations  on  small  or  large  models  or  on  full 
scale  shells  executed  in  reinforced  or  prestressed  concrete 
or  in  such  other  materials  as  timber,  brick,  steel,  aluminum 
and  plastic.  Major  problems  considered  included  strength 
and  stability  under  various  loading  conditions,  influence 
of  shape  and  edge  conditions  on  stresses,  influence  of  tem- 
perature changes  and  of  the  properties  of  the  materials, 
effects  of  prestressing  and  préfabrication.  The  majority  of 
the  papers  are  in  English.  (Edited  by  A.  M.  Haas  and 
A.  L.  Bouma.  Amsterdam,  North-Holland  Pub.  Go.,  1961. 
362p.,  86s.) 


"structural  analysis. 

This  volume  is  a unified  treatment  of  the  methods  of 
analysis  of  statically  determinate  and  indeterminate  struc- 
tures in  both  elastic  and  plastic  conditions.  It  covers  three- 
dimensional  displacement  geometry,  compatibility,  general- 
ized stiffness,  strain-energy  methods,  “frenum  moments,” 
three-  and  four-moment  equations  for  frames  with  non- 
prismatic  members  and  sideway,  collapse  or  plastic  methods, 
the  generalized  column-analogy  equation  and  multiple 
rings,  and  the  symbolic  generalization  of  influence  functions. 
(By  L.  Mantell  and  F.  Marron.  New  York,  Ronald  Press, 
1962.  423p.,  $10.00.) 


"thermal  environmental  engineering. 

The  principles  of  thermodynamics  and  heat  transfer  form 
the  basis  of  this  work  which  is  concerned  with  methods  of 
controlling  the  thermal  environment.  The  thermal  environ- 
ment is  defined  as  the  composite  influence  of  the  surround- 
ings upon  the  thermal  equilibrium  of  the  enclosed  object. 
The  scope  of  the  book  is  indicated  by  the  detailed  coverage 
of  thermoelectric  cooling,  solar  radiation,  the  fundamental 
Mollier-type  psychrometric  chart,  drying  of  materials,  ab- 
sorption refrigeration,  cryogenics,  psychrometry,  heat  trans- 
fer and  mass  transfer  processes  with  moist  air,  and  periodic 
heat  transfer  in  building  structures.  In  the  two  concluding 
chapters  the  author  describes  practical  applications.  (J.  L. 
Threlkeld.  Englewood  Gliffs,  Prentice-Hall,  1962.  514p., 
$16.00.) 


HOPKINSONS’  VALVES 


Hopkinsons’  name  is  well  represented  in  every  major 
thermal  power  generating  station  in  Canada.  A com- 
plete line  of  steam  valves,  safety  valves,  soot  blowers 
and  boiler  mountings  is  available  for  all  temperatures 
and  pressures.  To  keep  maintenance  and  shut-down 
costs  at  a minimum  and  to  ensure  the  maximum  in 
dependability,  Hopkinsons’  is  the  name  to  specify. 

represented  in  Canada  by 

PEACOCK  BROTHERS  LIMITED 

P.O.  BOX  1040,  MONTREAL  3 

SYDNEY  • TORONTO  • SUDBURY  • CALGARY  • VANCOUVER 


Hopkinson-Ferranti 
parallel  slide  stop 
valve  with  pressure 
seal  bonnet,  for  steam 
pressures  up  to  2,800  psi., 
1060°  F. 
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HIGH  MAGNETIC  FIELDS. 


The  88  papers  given  at  the  MIT  International  Conference 
on  High  Magnetic  Fields  in  1961,  and  published  in  this 
volume,  are  grouped  in  four  main  sections:  design  of  high- 
field  solenoids  and  supporting  systems;  high-field  research  I 
programs  now  underway  at  laboratories  around  the  world;  i 
application  of  high  fields  in  solid-state  and  low-temperature  } 
physics;  and  use  of  high  fields  in  plasma  physics.  A con- 
siderable range  of  special-application  fields  is  covered,  in-  ^ 
eluding  thermonuclear-fusion  containment  and  space-vehicle 
shielding.  References  at  the  end  of  each  paper  constitute 
ONcrall  the  most  complete  bibliography  of  the  field  yet 
compiled.  (Henry  Kolm  and  others.  New  York,  M.I.T.  Press 
and  Wiley,  1962.  751p.,  $15.00.) 


“computer  control  SYSTEMS  TECHNOLOGY. 

A unified,  integrated  treatment  of  computer  control 
system  technology.  Many  of  the  most  recent  theoretical 
advances  are  included,  as  well  as  many  of  the  most  import- 
ant recent  applications.  The  authors  thus  discuss  system  i 
error  analysis  techniques  for  analog  and  digital  computers, 
random  processes  in  automatic  control  systems,  guidance 
and  control  of  aerospace  vehicles,  optimal  control  problems 
in  discrete  time  systems,  air  traffic  control,  automatic 
machine  tool  control,  optimalizing  cruise  control,  and  com- 
puter control  in  the  process  industries.  (Ed.  by  C.  T. 
Leondes.  Toronto,  McGraw-Hill,  1961.  649p.,  $18.50.) 


“electronic  measuring  instruments. 

An  introduction  to  electronic  measurement  and  control 
as  used  in  the  laboratory  and  industry.  Primary  emphasis 
is  placed  on  the  function  and  use  of  the  basic  components 
employed  in  the  measuring  system.  Basic  test  instruments 
most  commonly  used  for  the  measurement  of  current,  volt- 
age, power,  resistance,  impedance,  inductance,  capacitance, 
and  wave  shapes  are  covered  in  associated  groups.  Elec- 
tronic instrument  systems  which  are  used  in  counting, 
chnical  measurements,  simulation,  and  computation  are 
then  introduced  and  discussed.  (H.  E.  Soisson.  Toronto, 
McGraw-Hill,  1961.  32.5p.,  $8.75.) 


“advances  in  electrochemistry  and  electrochemical  i 

ENGINEERING,  VOLUME  1,  ELECTROCHEMISTRY.  | 

This  volume  is  the  first  in  a series  intended  to  make 
available  authoritative  reviews  in  the  area  of  electrochemical 
phenomena,  and  to  bridge  the  gap  between  electrochemistry 
as  a part  of  physical  chemistry  and  electrochemical  engi- 
neering. It  begins  with  an  account  of  recent  work  on 
double-layer  phenomena  and  their  correlation  with  electrode  j 
kinetics.  Hydrogen  overvoltage  and  oxygen  overvoltage  are  | 
then  considered,  and  followed  by  discussions  of  two  expand-  | 
ing  areas  of  electrochemistry:  semiconductors  as  electrodes 
and  relaxation  methods  for  fast  electrode  processes.  (Ed.  by 
Paul  Delahay.  New  York,  Wiley/Interscience,  1961.  326p., 
$12.00.) 


“treatment  and  disposal  of  radioactive  wastes.  j 

A broad  survey  of  the  problem  of  radioactive  wastes 
which  gives  attention  to  many  of  the  recent  developments. 
After  discussing  the  origins  of  radioactive  wastes,  the  ques- 
tion of  chemical  separation  is  considered  from  the  view-  1 
points  of  waste  treatment  and  of  the  recovery  of  potentially 
valuable  materials.  An  account  of  the  evaporation  and 
storage  of  highly-active  wastes  is  then  followed  by  a de- 
scription of  the  attempts  which  arc  being  made  to  convert 
such  wastes  into  stable  solids  for  long-term  storage,  'flic 
disposal  of  solid  wastes  is  next  outlined,  and  followed  by 
descriptions  of  low  activity  waste  treatment  and  of  the 
treatment  of  gaseous  wastes.  (G.  B.  Amphlett.  London, 
Pergamon,  1961.  289p.,  $12.00.) 


Performance  Guaranteed 


3B 

K-M  C expresses  its  guarantee  in  terms  of  performance— a 
specified  number  of  trouble-free  operations  under  specific 
conditions  of  load,  frequency  and  type  of  operation,  without 
changing  of  contacts  or  other  maintenance. 

Thus,  you  can  precisely  and  economically  select  "Bell-M” 
contactors,  to  suit  your  requirements  and  to  match  the 
expected  “service  life”  of  the  machines  they  are  to  control. 
This  is  worth  investigating.  Call  any  office  below 

Klockner-Moeller 
Canada  Ltd. 

Head  Office  and  Factory,  Granby.  Quo. 

MONTREAL,  Pointe  Claire;  TORONTO,  Rexdale; 

GRANBY,  LONDON,  VANCOUVER 

Bennett  A Eniniott  Limited,  Edmonton  and  Calgary, 
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Consulting  Services 


LIMITED, 

BURLINGTON,  ONTARIO 

Specializing  in  water  treatment,  petroleum 
inhibitors,  fuel  catalysts,  papermaking  chemicals 
and  allied  metallographic,  microbiological 
and  other  services. 

COODE,  BINNIE  & PREECE 

Consulting  Civil  Electrical  & 

Mechanical  Engineers 

Reports,  Designs,  Supervision,  Docks  & Harbours: 

Bridges:  Water  Supply  & Drainage:  Flood  Protection  & 
Irrigation:  Sewerage  Schemes:  Hydro-Electric  & 

Thermal  Power. 

36  Roxbotough  Apartments,  Ottawa  4,  Ontario 

Telephone:  Central  4-4674 

ASSOCIATED  ENGINEERING  SERVICES  LTD. 

G.  E.  CRIPPEN  & ASSOCIATES  LTD. 

Consulting  Engineers 

MUNICIPAL  SANITARY 

Engineering  Consultants 

INDUSTRIAL  STRUCTURAL 

Investigations,  Designs,  Supervision 

Surveys,  Town  Planning,  Reports,  Supervision 

Hydro  Electric  Developments,  Water  Supply  Projects 

Industrial  Structures,  Bridges,  Dams,  Electric  Power 

REGINA  EDMONTON  VANCOUVER 

PHOTOGRAMMETRIC  and  AERIAL  SURVEYS 

1233  Winnipeg  St.  12225-105  Avenue  2256  West  12th  Avenue 

207  West  Hastings  Street  Vancouver,  Canada 

BEAUCHEMIN  - BEATON  - LAPOINTE 

EDGAR  A.  CROSS  & ASSOCIATES 

CONSULTING  ENGINEERS 

Reports  • Estimates  • Design  • Construction  Supervision 
for  public  works,  municipalities,  and  industry 

6655  COTE  DES  NEIGES  ROAD  MONTREAL  26,  CANADA 

Consulting  Engineers 

Q INDUSTRIAL  PLANT  DESIGN 

REgent  1-8521 

2510  YONCE  STREET,  TORONTO  HU.  1-1139 

CANADIAN  BRITISH  ENGINEERING 

DE  LEUW,  GATHER  & COMPANY 

CONSULTANTS 

OF  CANADA  LIMITED 

Water  Supply  and  Purification 

Sewerage  and  Sewage  Disposal 
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Penstocks  for  India  designed  in  @ "T- 

The  Kundah  Hydro  Electric  Project  in  Madras  State, 
india,  is  one  of  the  world’s  major  water  power  develop- 
ments. Eventually,  five  power  plants  will  be  built  to 
develop  the  power  of  the  Kundah  River.  Two  plants  are 
already  in  operation  using  six  penstocks— among  the 
first  in  the  world  to  be  designed  using  USS  “T-1”  Con- 
structional Alloy  Steel.  The  project  is  a part  of  the  Cana- 
dian aid  program  of  the  Colombo  Plan  Administration. 

Why  USS  “T-1”  Steel  was  used.  The  huge  penstocks 
carry  water  under  tremendous  pressure.  Some  are  over 
five  feet  in  diameter  and  lengths  range  up  to  5,255  feet. 
The  designer,  Montreal  Engineering  Company,  Ltd.,  real- 
ized that  an  extra  strong  steel  such  as  USS  “T-1”  brand 
could  cut  weight  by  about  50%.  Shipping  costs  and  con- 
struction costs  would  be  greatly  reduced.  USS  “T-1” 
Steel  also  offered  good  weldability,  good  ductility,  tough- 
ness, high  corrosion  resistance  and  did  not  require  stress 
relieving  in  the  field.  All  these  factors  led  to  its  choice. 

How  economy  was  obtained.  In  1956,  USS  “T-1”  Steel 
was  furnished  with  a minimum  yield  strength  of  90,000 
psi.  Since  then  it  has  been  raised  to  100,000  psi.  (Our 
recently  introduced,  lower-priced  USS  “T-1”  type  A [1" 
max.]  with  heat  treated  properties  comparable  to  USS 


'1 

” Steel . . .weight  savings  50%  ! 

“T-1”  Steel,  is  also  ideal  for  hydroelectric  application: 

It  is  significant  that  the  Kundah  penstocks  were  c! 
signed  to  a working  stress  of  40,000  psi  (including  2S 
water  hammer),  using  the  earlier  90,000  minimum  yie 
strength  USS  “T-1”  Steel.  This  design  stress  is  2.. 
times  higher  than  the  17,000  psi  value  commonly  us 
for  penstocks  made  of  ASTM  A285  Grade  C Carbon  Ste 
4,000  tons  of  USS  “T-1”  Steel  were  required  for  the  ; 
penstocks  in  plate  thicknesses  ranging  from  to 
Weight  savings  were  about  50%.  Note:  In  the  Unit 
States  today,  under  the  ASME  Code  Case  1204-8 
pressure  vessels,  the  allowable  unit  working  stress 
28,750  psi  for  USS  “T-1”  Steel  in  plates  2"  thick  or  le 
Recent  installations  of  USS  “T-1”  Steel  penstocks  ha 
been  made  in  Canada  and  Europe  and  one  is  under  cc 
struction  in  the  United  States.  USS  “T-1”  Steel  also  h; 
been  widely  used  for  spiral  cases,  dam  gates,  bridg 
and  equipment  requiring  great  strength  and  durabili' 
For  more  information  on  USS  “T-1”  Steels,  or  to  borr 
our  new  18-minute,  16  mm  color  motion  picture  “How 
Weld  USS  ‘T-1’  Steel,”  write  to  United  States  St 
Export  Company,  Royal  Bank  Building,  Toronto,  Ontar 
USS  and  “T-1”  are  registered  trademarks. 

United  States  Steel  Export  Compan 

TORONTO  . MONTREAL  • WINNIPEG  i WINDSOR  . CALGARY  . VANCOUV? 


Four  USS  "T-l”  Steel  penstocks,  leading  to  Kundah  Power  Plant  No.  2.  Designer;  Montreal  Engineering  Company,  Ltd.,  Montreal,  Quebec.  Fabricator:  Davie  Shipbuilding,  Ltd.,  Lauzon,  Qu( 
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IN  THIS  ISSUE 


n In  his  paper,  “Ground  Control  Around  Underground  Open- 
I ings”,  D.  F.  Coates,  m.e.i.c.,  presents  a review  for  civil 
!(  engineers  of  foe  pertinent  developments  in  mining  research 
ij  and  underground  practices  concerned  with  ground  control. 
’ Developments  during  foe  past  15  years  have  improved  the 
j possibility  either  of  preventing  rock  failure  and  excessive  de- 
j formation,  or  of  controlling  these  occurrences  when  they 
cannot  be  resisted.  Rock  mechanics  is  a new  subject  of  re- 
j search  that  is  attempting  to  provide  a scientific  basis  for 
' understanding  ground  control  problems.  The  principal  areas 
i of  research  within  this  subject  are  concerned  with  material 
: properties  as  exhibited  by  both  small  size  laboratory  speci- 
mens and  in  a geological  mass  in-situ;  the  determination  of 
actual  stress  distribution  around  openings  and,  the  estab- 
hshment  of  appropriate  failure  theories  to  permit  the  predic- 
tion of  instability. 

While  the  standard  slide  rule  has  long  been  considered 
as  almost  synonymous  with  engineering  calculations,  there 
is  a rather  widespread  tendency  to  belittle  its  capabilities 
because  of  its  inherent  limitations.  Since  the  slide  rule  is 
I an  analogue  device,  these  limitations  are  real  enough  and 
must  be  respected.  Within  its  field  of  application,  the  slide 
I rule  can  be  a superb  instrument  and  capable  of  much 
j more  than  the  simple  tasks  usually  given  to  it.  Dr.  L.  E. 
Jones,  M.E.I.C.,  Professor  of  Mechanical  Engineering  at 
foe  University  of  Toronto,  in  his  paper,  “Some  Unsuspected 
Capabilities  of  the  Standard  Slide  Rule”,  explores  a 
number  of  the  other-than-ordinary  apphcations  including 
use  of  procedural  strategy  to  increase  munerical  accuracy, 
extension  of  the  proportion  principle,  and  the  solution  of 
polynominal  equations  of  degree  five  or  less.  Professor 
Jones  received  a Ph.D.  from  the  University  of  Toronto  in 
1941.  He  has  been  associated  with  the  University  since 
1936  and  in  1944  he  joined  the  Department  of  Mechanical 
Engineering.  He  now  is  responsible  for  Department  Division 
of  Hydraulics  and  Fluid  Mechanics  and  for  departmental- 
digital  calculation  facilities.  Professor  Jones  gives  slide  rule 
instruction  annually  to  freshmen. 

In  their  paper,  “Selection  of  Dyke  Freeboard  and  Spillway 
Capacity  for  Grand  Rapids  Generating  Station”,  I.  W. 
McCaig  M.E.I.C.,  Director  and  Hydraulic  Engineer;  F.  H. 
Jonker,  Hydraulic  Engineer  and  W.  Hamilton,  Project 
Engineer  all  of  H.  G.  Acres  & Co.  Ltd.,  Niagara  Falls, 
describe  techniques  used  in  computing  the  effects  of 
waves  on  dykes  of  the  Grand  Rapids  Generating  Station, 
and  show  how  the  heights  of  foe  various  dykes  were 
adjusted  to  allow  for  varying  conditions  of  exposure  to 
wave  attack.  Meteorological  studies  of  wind  frequencies 
and  hydrological  studies  of  extreme  floods  were  combined 
with  an  economic  assessment  of  the  risks  of  over  topping 
of  the  dykes.  These  studies  showed  that  it  was  necessary 
to  make  foe  dykes  secure  against  the  effects  of  storms 
and  floods  of  a combined  return  period  of  5000  years;  that 
the  effects  of  wind  storms  were  the  controlling  conditions 


for  the  design  of  the  dykes;  and  that  economy  of  a spill- 
way construction  could  be  achieved  by  taking  advantage 
of  the  differing  seasons  in  which  these  phenomena  are 
likely  to  occur. 

A.  B.  Hunt,  M.E.I.C.,  Vice  President,  Research  and  Develop- 
ment, Northern  Electric  Gompany,  Limited,  states  in  his 
paper,  “Research  and  Development  Objectives”  that  half 
the  work  of  research  and  development  is  carried  out  within 
industry  where  the  ultimate  motive  is  to  increase  profit 
for  the  shareholders.  Industrial  research  must,  therefore 
be  objective.  Some  of  the  so-called  research  and  product 
development  carried  out  by  Ganadian  companies  is  just 
another  function  of  engineering,  dominated  by  manufac- 
turing. Reseaich  to  be  effective,  must  have  technical  and 
financial  freedom  within  authorized  hmits  well  defined  by 
company  policy.  It  cannot  be  turned  on  and  off  as  com- 
pany profits  rise  and  fall,  or  diverted  to  meet  cash  produc- 
tion programs.  To  estabhsh  objectives,  research  must  be 
aware  of  market  requirements,  current  and  future,  as  well 
as  capabilities  of  manufacturing.  A co-ordinated  team 
representing  marketing,  engineering,  manufacturing  and 
research  is  therefore  necessary  to  estabhsh  company  pohcy. 
Research  must  justify  its  expenditures  by  increased  com- 
pany policy.  With  the  huge  sums  being  spent  today  by 
individual  companies  on  research,  top  management  must 
be  fully  informed  well  in  advance  of  development  pro- 
grams and  foe  possible  effect  on  future  manufacturing 
requirements  and  marketing  methods. 

G.  E.  Gunter,  m.e.i.c.,  Mechanical  Engineer,  Design  and 
Construction  Division,  New  Brunswick  Electric  Power 
Commission,  in  his  paper,  “Design  and  Construction  Aspects 
of  the  Reechwood  Third  Unit”,  describes  the  third  and  final 
unit  as  the  Beechwood  Generating  Station  on  the  Saint  John 
River.  The  Unit,  rated  at  55,500  H.P.  at  a net  head  of  57 
feet  is  somewhat  larger  than  the  existing  two  units.  The 
governor  for  the  turbine  is  of  the  electro-hydrauhc  type 
similar  to  those  on  units  one  and  two.  Investigations  showed 
that  efficiencies  from  foe  combination  of  foe  turbine  and  foe 
existing  draft  tube  were  caused  by  an  incompatibility  be- 
tween turbine  and  draft  tube  which  manifested  itself  as  a 
separation  at  the  elbow  of  the  tube. 

J.  E.  Brett,  m.e.i.c.,  of  Brett  & Ouellette,  Consulting  En- 
gineers, Montreal,  in  his  paper  “The  Isolation  of  the 
Ruildings  in  the  Place  Ville  Marie  Development  from 
Railroad  Induced  Vibrations”,  describes  the  design  and 
installation  methods  used  to  counteract  the  effects  of  rail- 
road-induced vibrations  upon  foe  various  components  of 
foe  project,  including  the  Royal  Bank  of  Canada  Building. 
The  paper  also  summarizes  the  techniques  and  results  of 
the  extensive  field  studies  carried  out  to  delineate  foe  noise 
and  vibration  environment  to  which  the  structure  is  ex- 
posed. 


COVER  ILLUSTRATION 

Shown  is  a drilling  operation  for  a new  crushing  chamber  in  the  Sullivan  Mine  of  the  Consolidated  Min- 
ing and  Smelting  Company  of  Canada  Limited,  at  Kimberly,  R.C.  Photo  courtesy  Consolidated  Mining  and 

Smelting  Company  Limited,  Trail,  B.C. 
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Continuous  Steel  Casting 

High  capacity  multi-strand  installations  were 
first  designed  and  built  after  Junghons  by 
DEMAG  in  order  to  keep  up  with  the 
needs  of  the  modern  steel  industry  to  cast 
greater  quantities  continuously.  Such  plant 
has  been  operating  reliably  and  economically 
tor  some  years  now  in  Germany,  Italy,  France, 
Austria  and  Brazil.  Particular  characteristics  of 
Continuous  Steel  Casting  are,  first,  considerable 
reduction  of  costs  due  to  there  being  no 
necessity  for  ingot  stripping,  soaking  pits  and 
blooming  mills,  and,  second,  there  is  no  great 
variation  in  the  mechanical  properties  within 
each  casting. 


DEMAG  AKTIENGESELLSCHAFT 
DUISBURG  GERMANY 

DEMAG  Industrial  Equipment  Ltd., 
2400  Highway  122,  P.O.  Box  1240, 
Clarkson,  Ontario. 


Junghans'  Continuous  Casting  by  DEMAG  in 
Cooperation  with  Mannesmann  AG.,  Hüttenwerk 
Huckingen  and  Gebr.  Bohler  AG.,  Kapfenberg/Austria 


GROUND  CONTROL  AROUND 
UNDERGROUND  OPENINGS 


D.  F.  Coates,  m.e.i.c. 

Professional  Research  Engineer 


This  paper  is  a review  for  civil 
engineers  of  the  pertinent  de- 
velopments in  mining  research  and 
underground  practices  concerned  with 
ground  control.  Developments  during 
the  past  15  years  have  improved  the 
possibility  either  of  preventing  rock 
failure  and  excessive  deformation  or 
of  controlling  these  occurrences  when 
they  cannot  be  resisted.  In  addition, 
although  not  of  interest  to  the  civil 
engineer,  those  in  mining  have  im- 
proved their  ability  to  cause  failure 


and  flow  conditions  for  purposes  of 
extraction. 

Rock  mechanics  is  a new  subject 
of  research  that  is  attempting  to  pro- 
vide a scientific  basis  for  understand- 
ing ground  control  problems.  The 
principal  areas  of  research  within 
this  subject  are  concerned  with;  (1) 
material  properties  as  exhibited  by 
both  small  size  laboratory  specimens 
and  in  a geological  ma.ss  in-situ, 
(2)  the  determination  of  actual  stress 
distributions  around  openings,  and 


(3)  the  establishment  of  appropriate 
failure  theories  to  permit  the  predic- 
tion of  instability. 

The  principal  underground  open- 
ings that  civil  engineers  are  con- 
cerned with  are  tunnels  for  various 
purposes  and  in  some  cases  large 
chambers  for  pouer  houses.  For  the 
mining  engineer  a tunnel  or  drift  is 
a relati\'ely  simple  opening  com- 
pared with  those  that  are  created  for 
actual  mining  operations.  Tins  means 
that  in  mining,  more  complex  stress 
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distributions  and  generally  more  dif- 
ficult geological  conditions  are  en- 
countered. A third  area  has  developed 
from  the  recent  need  for  placing  de- 
fence installations  underground.  The 
degree  of  complexity  of  these  open- 
ings are  somewhere  between  those 
normally  experienced  by  civil  engi- 
neers and  those  which  the  mining 
engineer  must  handle. 

Besides  these  technical  differences 
between  the  various  fields  involved 
in  underground  work,  it  is  intriguing 
to  examine  the  differences  due  to 
organizational  frameworks.  Without 
going  into  details  it  seems  clear  that 
the  major  incentives  for  engineers 
working  in  these  various  fields  are 
somewhat  different.  The  mining  en- 
gineer is  very  concerned  with  costs 
and  safety,  but  is  willing  to  work 
towards  these  objectives  over  a period 
of  time.  The  civil  engineer  working 
in  the  construction  aspect  of  under- 
ground installations  is  also  con- 
cerned with  minimum  costs  and 
safety,  but,  considering  the  variety  of 
jobs  which  any  one  contractor  must 
handle,  he  is  generally  not  able  to 
work  towards  these  objectives  over 
a long  period  of  time,  having  to 
achieve  the  best  that  is  possible  on 
a job  basis.  The  civil  engineer  work- 
ing in  design^  although  concerned 
with  costs,  is  probably  most  con- 
cerned with  designing  a safe  instal- 
lation. Again,  his  orientation  gener- 
ally is  on  a job  basis  rather  than 
being  able  to  work  towards  optimum 
objectives  during  a period  of  time. 

Hence  the  incentives  îor  research 
and  development  to  improve  methods 
seem  to  be  stronger  and  more  direct 
in  the  mining  industry  than  in  the 
construction  industry.  One  example  of 
how  these  differential  incentives  pro- 
duce different  results  can  be  seen  in 
the  operation  of  drilling  and  blast- 
ing. Most  mining  operations  include 
studies,  if  not  research,  on  this  sub- 
ject, whereas  there  are  very  few 
owners  of  civil  structures,  consulting 
engineer  designers  or  contractors  who 
are  doing  any  research  in  drilling  and 
blasting.  In  the  case  of  those  involved 
in  the  heavy  construction  industry  no 
one  group  seems  to  have  strong 
long-term  incentives  to  provide  the 
money  for  these  kinds  of  applied  re- 
search. 

Before  proceeding  with  the  details 
of  some  of  the  information  that  is 
available  in  this  field,  it  is  useful  to 
have  the  differences  between  soil  and 
rock  established.  As  a structural  ma- 
terial, rock  differs  from  soil  in  two 
respects:  (1)  rock  strengths  are  of 
a higher  order  of  magnitude  than  soil 
strengths;  (2)  rock  formations  are 
seldom  found  that  form  comprehen- 
sive masses  similar  to  cohesive  soils, 


i.e.  rocks  almost  always  contain  a 
family  of  joints,  not  to  mention  the 
possibility  of  other  structural  features, 
which  divide  the  mass  into  a system 
of  blocks.  The  effects  of  bedding, 
schistosity,  etc.,  can  be  considered 
analytically  as  being  additional  com- 
plexities super-imposed  on  this  block 
system. 

The  blocks  of  a rock  mass  may 
or  may  not  be  cemented  together. 
However,  the  strength  of  the  cement 
between  the  blocks  is  normally  less 
than  that  of  the  blocks  themselves. 
Figure  1 shows  a block  mass  sub- 
jected to  stress.  From  the  reaction  of 
the  individual  blocks  it  can  be  ap- 
preciated that  a mass  of  such  blocks 
could  not  be  expected  to  behave  like 
a comprehensive  body. 


Fig.  1.  A mass  of  Rock  Block  Subjected 
to  Pressure  (19). 


This  concept  suggests  the  follow- 
ing definition  for  rock  masses:  “a  body 
made  up  of  blocks  joined  together 
with  a cement  that  is  weaker  than 
the  block  material  and  having  a zero 
void  ratio”.  When  the  strength  of  the 
cement  is  equal  to  the  strength  of 
the  block  material  the  mass  would  be- 
have like  a cohesive  coil.  When  the 
elements  are  too  small  to  be  con- 
sidered as  blocks,  possibly  six  inches 
minimum,  and  the  void  ratio  is 
greater  than  zero,  the  mass  would 
behave  like  a granular  soil.  Recog- 
nizing these  differences  it  can  be  ap- 
preciated that  the  methods  estab- 
lished for  use  in  soil  mechanics  are 
not  necessarily  applicable  to  rocks. 

Another  aspect  of  the  differentiates 
the  fields  involved  with  underground 
openings.  Underground  installations 
in  the  fields  of  civil  engineering  or 
defence  are  generally  permanent. 
Hence  they  cannot  be  treated  exactly 
like  mining  openings.  For  example, 
scaling  of  walls  and  backs  may  not 
be  possible  after  the  installation  is 
completed;  rehabilitation  and  replace- 
ment sets  in  deteriorated  sections 
generally  is  not  possible;  support  such 
as  rock  bolting  must  resist  corrosion. 
Also,  the  shape  of  the  openings  can- 
not normally  be  modified  after  the 


nature  of  the  ground  reaction  has  | 
been  experienced. 


STRESS  DISTRIBUTION 

The  distribution  of  stress  around 
an  underground  opening  is  based  pri- 
marily on  elastic  theory.  The  varia- 
tion of  stresses  and  their  magnitudes, 
based  on  this  theory,  for  the  various  • 
shapes  of  openings  has  been  well  es- 
tablished.^ 

Many  rocks,  of  course,  do  not  be- 
have in  an  elastic  manner.  However, 
aside  from  the  fact  no  other  theory 
is  yet  as  serviceable,  use  of  elastic 
theory  has  some  justification.  Other 
types  of  ground  reaction,  e.g.  visco- 
elastic, plasto-elastic,  elasto-plastic, 
can  be  considered  as  modifications  of 
the  answer  obtained  from  the  elastic 
solution. 

The  analyses  for  these  other  ideal- 
ized materials,  whenever  they  be- 
come possible,  must  still  include  the 
same  equilibrium  equations  and 
boundary  conditions.  The  compati- 
bility equations  will  be  different. 
Hence  the  elastic  solution  can  always 
be  considered  as  a first  approximation 
and,  if  necessary,  extrapolation  can 
be  by  judgment.  At  the  same  time,  in 
some  situations  such  as  plastic  theory 
that  has  been  established  is  quite 
useful.^ 

Figure  2 shows  some  typical  stress 
distributions  around  a tunnel  in  a 
gravitational  stress  field.  In  Figure 
2a  the  variation  of  the  tangential 
stress  (i.e.  the  stress  parallel  to  the 
surface  of  the  opening)  around  a 
assuming  elastic  ground,  is 
The  maximum  values  occur 
sides  and  the  minimum  at 
the  crown. 

In  Figures  2b  the  variation  of  both 
the  tangential  and  radial  stresses  in 
the  sides  with  distance  into  the 
ground  is  shown.  It  can  be  seen  that 
a rapid  decrease  occurs  in  the  surface 
value  of  the  tangential  stress  to  the 
field  value.  The  radial  stress  must  be 
zero  at  the  surface,  if  the  tunnel  has 
no  lining,  and  hence  rise  for  the  field 
value. 

In  Figure  2c  the  case  shown  where 
the  stress  at  the  surface  of  the  tunnel 
has  exceeded  the  strength  of  the 
ground.  Hence  stability  can  only  be 
achieved  with  some  method  of  ground 
support.  If  a lining  is  provided  the 
stress  pattern  within  the  failed  zone 
(e)  follows  plastic  relations  and  then 
beyond  (e)  is  transformed  into  elastic 
relations.  The  zone  (f)  indicates  the 
probable  failure  zone  taking  into  ac- 
count the  probability  that  not  all  the 
failed  ground  is  contained.  Any  loss 
of  this  material,  such  as  is  most  likely 
to  occur  in  the  roof,  will  permit  the 
failure  zone  to  be  extended  from  (e) 
to  (f). 
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In  Figure  2d  the  interaction  of  twin 
I tunnels  is  shown.  Whereas  for  a single 
^ tunnel  the  maximum  stress  only  ap- 
i plies  to  a thin  annular  layer,  for  twin 
I tunnels,  when  close  enough,  the  maxi- 
mum stress  can  act  on  the  entire 
pillar  between  the  tunnels. 

In  Figure  2e  the  vertical  stress 
that  w'ould  exist  over  a series  of  three 
tunnels  is  sho\\'n.  The  transfer  of 
J stress  into  the  abutments  and  pillars 

! accounts  for  the  pattern  shown  here. 
This  pattern  could  be  expected  to 
apply  in  both  elastic  and  plastic 
;!  ground. 

ij  The  original  stress  field  existing 
in  the  ground  before  an  opening  is 
made  determines,  to  a large  extent, 
the  ultimate  stress  distribution  around 
the  opening.  The  surrounding  ground 
must  support  the  stress  formerly  re- 
sisted by  the  excavated  material.  Ver- 
tical stress,  unless  seriously  modified 
by  geological  structure,  can  general- 
ly be  assumed  to  be  equal  to  the 
weight  of  the  overburden. 

j The  horizontal  stress  in  rock  may 
j be  due  simply  to  confinement  of  rock 
in  the  horizontal  direction  resisting 
the  tendency  to  expand  owing  to  ver- 
tical gravitational  stresses.  In  this 
case,  the  horizontal  stress  in  brittle 
rocks  would  be  related  to  the  vertical 
stress  through  Poisson’s  ratio.  In  less 
competent  ground  the  horizontal  and 
vertical  stresses  may  be  related 
through  plastic  parameters. - 

However,  the  probability  exists  that 
a great  deal  of  tlie  ground  in  which 
underground  openings  are  placed  will 
be  affected  by  organic  action  which 
could  produce  a horizontal  stress 
greater  than  the  vertical  stress.  In  this 
case,  the  field  stress  is  theoretically  in- 


determinent  and  must  be  measured  in 
the  field.  Some  measurements  have 
indicated  that  in  a few  locations  the 
horizontal  stress  was  about  50  per 
cent  greater  than  the  vertical  gravi- 
tational stress^^ 

Various  methods  are  being  de- 
veloped for  the  measurement  of  field 
stress.  Gauge  points  have  been 
socketed  in  the  rock  face  and  their 
distance  apart  measured  accurately 
before  and  after  the  surrounding  rock 
is  cut  free  from  the  formation.  ^ An- 
other technique  is  to  measure  very 
accurately  the  deformation  that  takes 
place  in  a bore  hole  when,  by  over- 
coring, the  surrounding  rock  is  dis- 
engaged from  the  formation. Other 
techniques  involving  the  trepanning 
of  the  rock  around  a bore  hole  have 
also  been  tried. The  use  of  photo- 
elastic reflective  coatings  is  a new 
technique  that  may  turn  out  to  be 
useful  for  the  determination  of  field 
stresses.®’ 

Geological  factors  can  affect  signi- 
ficantly the  stress  distribution  around 
mining  openings.  Structural  condi- 
tions such  as  nearby  faults  or  dikes 
can  produce  local  variations  in  the 
field  stress  resulting  from  lack  of  con- 
straint of  the  rock  in  the  direction 
parallel  to  the  fault.  This  has  re- 
sulted in  ground  failure  around  open- 
ings that  were  otherwise  stable.  In 
addition,  it  would  not  be  unsual  if  the 
superincumbent  loads  which  had  pre- 
viously existed,  as  well  as  the  varia- 
tions in  temperature,  had  provided 
a legacy  of  built-in  stresses  that  would 
explain  many  of  the  hitherto  puzzl- 
ing cases  of  ground  failure.  These 
factors  reinforce  the  conclusion  that 
field  stress  measurements  are  im- 
portant. 


Whatever  the  nature  and  source  of 
field  stress,  the  result  is  that  this  stress 
is  concentrated  around  the  under- 
ground opening.  A compressive  stress 
two  to  three  times  the  field  stress  is 
thus  created  in  adjacent  ground.  In 
addition,  when  the  field  stress  in  one 
direction  is  less  than  about  a third 
of  the  maximum  field  stress  at  right 
angles  to  it,  tensile  stresses  will  be 
created  in  the  ground  on  the  axis 
parallel  to  the  direction  of  this  maxi- 
mum stress.  As  rock  masses  are  gener- 
ally weak  in  tension  such  a resultant 
stress  is  likely  to  cause  loose  ground. 

The  presence  or  absence  of  ten- 
sile stresses  can  also  be  influenced  to 
some  extent  by  the  shape  of  the  open- 
ing. ^ For  example,  in  the  same  stress 
field  a circular  opening  could  have 
a compressive  stress  whereas  a square 
opening  would  have  a tensile  stress. 

STRENGTH  FACTORS 

For  the  analytical  appraisal  of  po- 
tential failure  or  excessive  deforma- 
tion it  is  necessary  to  have  a quanti- 
tative measure  of  the  physical  pro- 
perties of  the  rocks.  This,  of  course, 
assumes  that  all  the  pertinent  geo- 
logical information  has  been  gathered 
and  that  the  rocks  have  been  classi- 
fied according  to  their  petrology  and 
stratigraph.  The  objective  then  is  to 
be  able  to  predict  the  reaction  of  the 
rocks  surrounding  the  underground 
opening  when  subjected  to  the  extra 
stresses  created  by  the  opening. 

The  determination  of  the  deforma- 
tion and  strength  properties  in  com- 
pression, and  thus  also  in  shear,  is 
not  straightforward.  Methods  estab- 
lished in  the  field  of  concrete  control 
were  largely  adopted  in  rock 
mechanics.  However,  it  has  been 
found  that  for  rocks  the  results  can 
be  very  sensitive  to  the  test  condi- 
tions. For  example,  it  is  quite  com- 
mon for  rock  samples  tested  in  uni- 
axial compression  to  actually  fail  in 
tension  axial  planes. 

Also,  the  absolute  size  as  well  as 
the  shape  of  samples  have  been  shown 
to  be  very  significant.^®’  The 
strength  of  most  rock  samples  de- 
creases with  an  increase  in  size  and 
with  an  increase  in  length  to  width 
ratio.  However,  some  rocks  have 
shown  the  reverse  effect. 

Triaxial  testing,  although  expensive, 
is  being  increasingly  recognized  as 
important  to  eliminate  some  of  these 
unrepresentative  effects. 

The  tension  testing  of  rocks  has 
also  been  found  to  be  ver\-  sensitive 
to  the  state  of  the  sample  and  test 
conditions.  Uniaxial  and  beam  tests 
have  been  tried  but  are  not  con- 
sidered perfectly  satisfactor\'.  It  is 


Fig.  2.  Stresses  around  Tunnels 


(a)  o-j  vs  e 
in  Elastic  Ground 


(b)  a o-j.  vs  r 
in  Elastic  Ground 


in  Plastic  - Elastic 
Ground 
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(d)  a.  in  Elastic  Ground 


(e)  O’,  in  Elastic  or  Plastic  Ground 
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difficult  with  these  tests  to  obtain 
results  that  do  not  have  a high  dis- 
persion. A simple  method,  the  Bra- 
zilian test,  has  recently  been  de- 
veloped which  seems  able  to  produce 
consistent  results.  This  method  only 
requires  the  application  of  a diametral 
force  to  a disc  of  rock  cut  from 
diamond  drill  cores. 

When  the  testing  of  laboratory 
samples  has  been  satisfactorily  ac- 
complished it  is  then  necessary  to 
relate  these  properties  to  those  of 
the  rock  formation.  Here  it  is  im- 
portant to  recognize  the  importance 
of  the  geological  structural  features 
as  well  as  the  basic  blocky  nature  of 
a rock  mass.  Besides  the  normal  geo- 
logical techniques  for  determining 
structural  details  other  methods  of 
probing  for  planes  of  weakness  using 
geophysical  methods  are  being  de- 
veloped.^^ 

The  use  of  test  results  on  any  ma- 
terial usually  requires  the  extrapola- 
tion of  this  information  through  a 
strength  theory  to  the  various  com- 
binations of  stress  that  might  exist  in 
the  structure  to  be  designed.  In  rocks 
there  are  two  theories  which  are  con- 
sidered to  have  some  validity;  Mohr’s 
theory  and  Griffith’s  theory.  It  may 
turn  out  that  other  theories  are  more 
applicable;  however,  there  is  little 
empirical  data  as  yet  on  which  to 
make  a suitable  selection.  At  the  mo- 
ment, such  information  as  exists  in- 
dicates that  Mohr’s  theory  has  some 
validity. 

On  the  other  hand,  Griffith’s 
theory,  which  conceives  of  failure  as 
the  result  of  the  formation  or  elonga- 
tion of  existing  cracks  in  the  material, 
conceptually  has  much  to  recom- 
mend it.  Furthermore,  the  finding  of 
an  element  of  plastic  strain  in  many 
otherwise  brittle  rocks  supplies  some 
evidence  to  support  this  theory.  Ac- 
tually, in  the  mathematical  extrapola- 
tion from  test  results  to  prototype 
situations  both  Mohr’s  and  Griffith’s 
theories  give  similar  answers.-^ 

In  addition,  the  residual  effects  of 
blasting  must  be  recognized.  The  par- 
tition of  the  explosive  energy  between 
the  broken  and  the  solid  rock  is  such 
that  large  forces  are  applied  to  the 
unbroken  face.  These  forces  actually 
cause  internal  damage  which  results 
in  the  develoxrment  of  loose  surface 
rock. 

It  is  sometimes  possible  to  reduce 
the  damaging  effects  of  blasting  and 
at  the  same  time  not  incur  extra  costs. 
For  example,  more  destructive  force 
is  transmitted  into  the  remaining 
ground  when  blast  holes  drilled  per- 
pendicular to  the  face  are  used  than 
when  holes  drilled  parallel  to  the  face 
can  be  used.  Also,  recently  developed 


smooth-wall  blasting  techniques  have 
been  shown  to  reduce  the  damage  to 
the  remaining  faces,  reduce  the  cost 
of  scaling  loose  rock  from  the  backs 
and  walls  and  hence  increase  the 
advance  per  shift  of  the  same  crew. 

When  numbers  have  been  selected 
for  maximum  stresses  and  strength,  it 
remains  to  be  questioned  whether 
ground  will  fail  under  stress  concen- 
trations. Gonsidering  the  infinitesimal 
thickness  of  ground  which  is  sub- 
jected to  the  maximum  stress  it  is 
possible  for  minor  deviations  from 
perfect  elasticity  to  modify  signifi- 
cantly the  stress  distribution.  In  one 
case  it  seemed  that  the  stress  con- 
centration required  to  produce  failure 
was  10  per  cent  greater  than  the  load- 
ing required  to  produce  failure  on  a 
normal  sample,  whereas  in  another 
case,  the  theoretical  stress  concentra- 
tion had  to  exceed  the  strength  by 
100  per  cent  to  200  per  cent  before 
failure  occurred.  One  explanation  of 
these  phenomena  is  the  possibility  of 
relaxation  of  surface  tangential 
stresses  (Fig.  2).  The  actual  occurr- 
ence of  this  phenomena  has  been 
demonstrated. 

DEFORMATION 

It  has  been  suggested  that  rocks 
should  be  considered  as  rheological 
materials.  In  other  words,  it  should 
be  recognized  that  the  strain  occur- 
ring in  rocks  at  a constant  stress  level 
can  increase  with  time;  similarly,  the 
release  of  strain  on  the  release  of 
stress  may  include  an  instantaneous 
component  but  probably  also  includes 
a component  that  takes  time.  Of 
course,  with  the  wide  variety  of  rocks 
in  existence  the  time  dependent  ele- 
ments of  strain  may  be  insignificant 
in  very  hard  brittle  rocks;  whereas, 
the  time  dependent  strain  might  com- 
prise the  major  part  of  the  total  ulti- 
mate strain  for  other  less  competent 
rocks. 

To  predict  the  amount  of  deforma- 
tion to  be  expected  as  a consequence 
of  excavating  rocks  from  a tunnel  or 
chambers,  it  is  necessary  to  study 
these  rheological  properties.  Some 
rocks  will  produce  an  insignificant 
deformation  or  shortening  of  the 
diameter  of  the  tunnel.  On  the  other 
hand,  in  rocks  where  yield  can  occur 
without  rupture,  the  deformation  can 
be  more  significant  and  may  either 
come  to  equilibrium  at  some  ultimate 
value,  or  continue  to  creep  at  some 
ultimately  constant  rate.  Glearly,  it  is 
important  to  determine  which  type  of 
ground  reaction  to  expect  when  estab- 
lishing the  rock  pressures  that  are  to 
be  used  in  the  design  of  the  lining 
together  with  the  selection  of  the  type 
of  lining  to  be  used. 

Deformation  as  a consequence  of 


failure  and  expansion  of  the  surface  \ * 
rock  from  its  solid  state  into  a frac-  ; 
tured  state  with  a higher  void  ratio 
must  also  be  considered.  As  men- 
tioned earlier,  situations  can  exist  , 
where  such  fractured  ground  should  j o 
be  contained  so  that  a build-up  of  J , 
back  pressure  to  achieve  stability  in  « 
the  rock  against  continuous  failure  ; i 
can  be  obtained.  (Fig.  2)  ! 

In  some  cases  deformation  will  be  ^ , 
the  combination  of  all  these  possible  j 
mechanisms:  instantaneous  elastic  ■ ; 

strain,  time  dependent  strain  without  j j 
fracture  and  strain  consequent  on  b ' 
fracturing.  In  this  case,  it  would  he  S : j 
difficult  to  predict  with  any  degree  of  j “ 
accuracy  deformation-pressure  rela-  j I , 
tionships.  Approximations  could  be  li  j 
made  as  a result  of  analysing  all  com-  jl  1 
ponents;  however,  it  is  more  satisfac-  jo 
tory  to  be  able  to  make  field  measure^  jy 
ments  to  establish  these  relationships  ji 
before  the  final  design  of  the  support  jl 
system  is  made.  This  procedure  has  ji 
been  shown  to  make  it  possible  to 
predict  deformations  with  a high  de- 
gree  of  accuracy.^^  ^ 

Figure  3 shows  a strain-time  curve  ^ 
for  a typical  rheological  material  — 
in  this  case  a hard  clay.  This  figure  il  1 
also  shows  some  of  the  various  rheo-  Ai 
logical  models  that  might  represent 
different  rocks.  | || 

The  Maxwell  model  would  repre-  ■! 
sent  a material  which  would  give  an  j j 
immediate  strain  on  the  application  jj 
of  stress  followed  by  an  increase  in 
strain  which  would  continue  in- 
definitely. On  the  release  of  strain 
there  would  be  an  immediate  i 
recovery  of  some  strain  but  the  strain  I 
that  had  been  time  dependent  would  | 
not  be  recovered.  i 

The  Kelvin  model  would  represent  ji 
a material  that  w'ould  have  an  insig-  1; 
nificant  amount  of  instantaneous  strain  : 
on  application  of  stress.  However,  : 
with  the  passage  of  time,  strain  would  !| 
occur  but  at  a diminishing  rate  until  1 
equilibrium  had  been  reached.  On 
release  of  stress  in  the  Kelvin  model, 
there  would  be  an  insignificant  de- 
crease in  strain;  however,  with  the  j 
passage  of  time  all  the  strain  would  ’ 
be  recovered.  ; 

The  General  Linear  model  prob- 
ably comes  closer  than  the  preceed- 
ing  models  to  representing  the  i 
reaction  of  many  rock  types.  In  this  j 
case,  there  would  be  an  immediate  f 
strain  on  application  of  stress  fol-  i 
lowed  by  a time  dependent  strain 
which  would  occur  at  a decreasing 
rate  until  equilibrium  had  been  ; 
reached.  On  release  of  stress  there  I 
would  be  an  immediate  regain  of  ^ 
some  of  the  strain  followed  by  a ' 
time  dependent  regain  of  strain  again  i 
at  a rate  that  would  be  decreasing  'j 
with  time.  , 
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Fig.  3.  Typical  Strains  vs  Time  Curve 


The  actual  strain-time  curve  as 
shown  in  Fig.  3 indicates  a General 
Linear  material.  There  was  an  im- 
mediate strain  from  the  dial  reading 
of  3500  to  about  3310.  A time  de- 
pendent strain  then  followed  to  a dial 
reading  of  about  3220.  At  this  point 
there  was  an  inflection  in  the  curve 
indicating  an  increase  in  strain  rate 
which  ultimately  accelerated  to  pro- 
duce failure. 

In  mines  it  is  not  unusual  for  minor 
adjustments  to  the  new  stress  condi- 
tions created  by  an  opening  to  con- 
tinue for  months  after  the  excavation 
has  occurred.  Indeed,  there  is  some 
evidence  to  indicate  that  complete 
equilibrium  need  not  be  reached 
around  large  openings  except  after  a 
period  of  years. 

GROUND  SUPPORT 

Mass  concrete  might  be  considered 
for  lining  an  opening.  Where  rock 
pressures  are  expected  to  be  low, 
where  loose  ground  is  expected  to 
develop,  where  a formal  lining  is  re- 
quired for  architectural  or  fluid  flow 
reasons  this  type  of  lining  is  useful. 
It  is  one  of  the  cheaper  lining 
methods  but  is  not  particularly  strong 
against  high  pressures  or  differential 
pressures. 

Reinforced  concrete  might  be  used 
in  the  same  cases  cited  above  for 
mass  concrete  linings.  In  this  case,  the 
need  for  reinforcing  might  arise  from 
a large  differential  rock  pressure  pro- 
ducing tension  in  the  lining.  It  might 
also  be  needed  merely  to  add  com- 
pressive strength  to  the  lining  where 
the  thickness  of  concrete  is  limited. 
This  tends  to  be  an  e.xpensive  lining. 


Timber  sets  or  steel  sets  together 
with  timber  lagging  might  be  con- 
sidered. In  this  case,  in  a civil  en- 
gineering project,  provision  generally 
would  have  to  be  made  to  prevent 
corrosion  of  the  steel  and  rotting  of 
the  wood.  This  type  of  lining  is 
seldom  practicable  for  a permanent 
installation  owing  to  its  high  expense. 

The  remaining  method  of  lining  or 
supporting  an  underground  opening 
is  by  the  use  of  patterned  rock  bolt- 
ing. It  has  been  demonstrated  that  a 
mass  of  unconnected  rods  can  be  made 
into  a beam  by  transverse  bolting. 
Thus  it  is  reasonable  to  assume  that 
the  same  thing  can  be  done  more 
easily  with  fractured  rock.  In  other 
words,  rock  bolts  under  tension 
should  not  only  inhibit  failure  of  walls 
and  roofs  by  keeping  joints  tight,  but 
should  also  be  able  to  knit  a mass  of 
failed  loose  rock  into  a beam  that 
can  support  itself. 

To  insure  long-term  stability  of 
such  a support  system,  it  is  essential 
that  the  bolts  be  grouted.  In  addi- 
tion, a wire  mesh  or  some  such  mem- 
brane should  be  used  to  support  the 
loose  rock  that  can  develop  between 
the  bolts.  Not  only  can  such  loose 
rock  cause  considerable  damage  in 
falling,  but  can  also  jeopardize  the 
support  of  the  individual  bolts  by  the 
ravelling  action  that  could  otherwise 
occur  up  to  and  around  the  washer 
and  the  bolt. 

Figure  4 shows  a system  that  was 
designed  for  long-term  ground  sup- 
port for  a large  chamber  that  was  to 
be  subjected  to  high  ground  stresses. 
In  this  case,  the  patterned  rock  bolt 


and  mesh  lining  system  was  found  to 
be  considerably  cheaper  than  other 
methods  of  lining  the  large  opening. 

Experience  has  shown  that  gen- 
erally it  is  preferable  to  install  such 
rock  bolts  as  soon  as  possible.  This 
can  be  done  immediately  after  the 
muck  has  been  excavated  from  a 
blasted  round.  In  this  case,  as  well  as 
in  general,  it  is  essential  that  the  bolts 
be  tightened  and  checked  several 
times  before  it  is  assumed  that  a 
solid  non-creeping  anchorage  has 
been  obtained.  The  possibility  of  such 
anchorage  not  being  obtained  with 
grouted  rock  bolts  is  much  less  likely 
than  with  the  normal  ungrouted  bolts. 

On  tbe  other  hand,  in  ground  that 
produces  a deformation  that  is 
strongly  time  dependent,  e.g.  a Gen- 
eral Linear  body,  it  may  be  preferable 
to  install  a temporary  yielding  lining 
before  a permanent  lining  is  placed. 
In  other  words,  if  a rigid  lining  is 
placed  before  the  time  dependent 
strain  has  occurred,  some  very  high 
and  almost  irresistable  pressures  could 
be  exerted  on  the  lining.  In  such 
ground,  yielding  steel  arches  for  min- 
ing purposes  have  proved  to  be  very 
sucessful.  ■ However,  for  a permanent 
lining  in  a civil  engineering  project, 
they  may  not  be  feasible.  On  the 
other  hand,  a hard  look  in  such 
circumstances  at  the  requirements  of 
the  lining  and  the  maintenance  that 
could  be  supplied  might  result  in 
selecting  such  arches  for  the  support 
system. 

In  this  regard  it  is  interesting  to 
examine  the  optimum  cross-section 
for  steel  supports  to  resist  rock  pres- 
sures. The  civil  engineer’s  normal  re- 
action would  be  to  use  a wide-flange 
section,  where  the  maximum  bending 
capacity  is  obtained  for  a given 
weight  of  steel.  However,  in  the  case 
of  ground  support  members  the  ap- 
plication of  the  load  in  the  axial  plane 
of  the  wide-flange  section  cannot  be 
guaranteed.  Gonsequently,  it  is  a 
common  sight  to  see  such  members 
when  used  underground  with  buckled 
flanges  and  buckled  webs  and  with 
a very  much  reduced  supporting  ca- 
pacity. 


Fig.  4 Ground  Support  System 
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Tests  have  shown  that  when  beams 
are  loaded  by  a force  which  is  not 
held  laterally  that  other  sections  are 
more  stable  under  conditions  of  high 
deformation  than  the  wide-flange  sec- 
tiond^  These  sections  are  thus  used 
in  steel  arches  and  rings  that  are  de- 
signed for  the  purpose  of  providing 
ground  support  against  rock  pressures. 

DESIGN 

In  designing  underground  openings 
and  their  support  systems,  the 
traditional  approach  of  the  civil  en- 
gineer in  using  standard  permissable 
stresses  should  not  be  adopted.  For 
one  reason,  it  is  impossible  to  deter- 
mine the  precise  strength  of  most 
rocks;  indeed,  we  should  expect  such 
materials  to  have  a variation  in 
strength  with  some  statistically  de- 
terminable distribution  about  a mean 
value.  Hence  design  should  be  based 
on  the  probabilities  involved  in  the 
loading  conditions  and  in  the  strength 
of  the  materials. 

There  is  a good  argument  for  using 
the  probability  relations  underlying  all 
engineering  design  in  an  explicit 
manner.  At  the  moment  it  may  be 
difficult  to  follow  such  a procedure 
rigorously  throughout  the  entire  de- 
sign. However,  it  is  thought  to  be  use- 
ful to  think  in  terms  of  this  type  of 
theory  so  that  advances  can  be  made 
in  the  right  direction  and  overdesign 
and  excessive  expense  can  be  mini- 
mized. 

Otherwise,  the  design  procedure 
follows  the  normally  civil  engineering 
method.  It  is  necessary  to  predict  the 
stress  distribution  that  will  occur  in 
both  the  surrounding  ground  and  in 
the  support  system  that  is  adopted. 
The  strength  of  the  rock  under  the 
various  stress  conditions  that  might 
occur  is  then  to  be  determined  and 
compared  with  the  maximum  stresses 
that  might  occur.  An  appropriate 
safety  factor  is  usually  required 
against  stresses  exceeding  strength. 

To  select  the  appropriate  safety 
factor  against  rock  failure  it  is  sug- 
gested that  a procedure  somewhat  as 
follows  be  used.  On  the  basis  of  an 
array  of  laboratoiy  test  results,  the  co- 
efficient of  variation  should  be  deter- 
mined. Then  it  could  be  assumed  that 
a safety  factor  of  more  than  1 should 
apply  to  the  maximum  load  and  to 
the  minimum  strength.  The  minimum 
strength  could  be  defined  as  the  level 
at  which  99  per  cent  of  the  tests 
show  greater  strengths.  This  minimum 
strength  could  then  be  related  to  the 
average  strength  and  the  safety  factor 
obtained  in  this  way  compared  with 
the  safety  factor  normally  used. 

For  example,  if  the  coefficient  of 
variation  were  20  per  cent,  then  a 
safety  factor  of  little  more  than  I on 


the  minimum  strength  (as  defined 
above)  would  be  equivalent  to  a 
safety  factor  of  2 on  the  average 
strength;  or  for  a coefficient  of  varia- 
tion of  30  per  cent,  the  equivalent 
safet\'  factor  on  the  average  strength 
would  be  3.  These  figures  can  then 
be  compared  witli  safety  factors  used 
in  typical  structural  engineering  prac- 
tice, e.g.  for  bearing  pressures  in  con- 
crete a safety  factor  of  about  4 on  a 
specified  strength  such  that  80  per 
cent  of  the  test  results  should  provide 
greater  strengths  than  the  specified 
ultimate  strength  would  be  equivalent 
to  a safety  factor  of  about  5 on  the 
average  strength.  There  is  no  reason 
why  safety  factors  throughout  should 
be  equal;  however,  they  should  be 
consistent  and  reflect  the  probability 
of  loads  or  stresses  in  excess  of  those 
used  in  the  design. 

The  usual  civil  engineering  design 
procedure  requires  simplified  hypo- 
theses regarding  both  materials  and 
structures.  Even  when  such  hypo- 
theses are  made,  unless  the  prototype 
structure  is  essentially  truly  simple 
the  resultant  mathematics  is  often 
formidable  to  the  extent  of  being  im- 
practical. In  structural  engineering, 
theoretical  analysis  has  been  an  emi- 
nently useful  tool  as  a result  of  most 
of  the  structural  elements  being 
essentially  quite  simple  (e.g.  beams 
and  columns)  and  the  materials  being 
actually  quite  similar  to  the  simplified 
assumptions  (e.g.  steel  and  concrete  at 
working  stress  levels  being  close  to 
perfectly  elastic  materials).  As  struc- 
tures have  become  more  complex,  e.g. 
multi-bay  rigid  frames,  shells,  two- 
way  arches,  the  service  provided  by  a 
theoretical  analysis  has  diminished. 
The  computer  has  extended  its  use  on 
some  of  these  structures,  others  are 
being  designed  (e.g.  two-way  shells) 
largely  on  intuition.  In  the  place  of 
intnition  or  very  proximate  analysis 
some  organizations  are  using  struc- 
tural model  studies. 

In  another  branch  of  civil  engineer- 
ing — soil  mechanics  — the  physical 
foiTus  are  less  simple  than  in  struc- 
tural engineering  and  the  materials 
cannot  be  represented  by  simple 
hypotheses  with  as  mnch  validity. 
Nevertheless,  theoretical  analysis  has 
been  a great  service  in  this  field  as 
some  of  the  physical  forms  could  be 
represented  by  moderately  simple 
hypotheses  in  two  dimensions,  and  as 
deformations  have  been  largely  ig- 
nored with  the  assumption  of  per- 
fectly plastic  material.  In  other  words, 
design  has  been  based  largely  on 
strength  criteria.  Where  deformation 
has  been  important  and  where  the 
physical  forms  require  analysis  in 
three  dimensions  the  methodology 


has  been  less  successful.  Hence  again  5 
for  important  problems  model  studies 
have  been  used. 

In  rock  mechanics  both  deforma- 
tion and  strength  are  important.  In  j 
.addition,  the  structures  often  cannot  ' 
be  closely  represented  by  simple  ^ 
hypotheses,  and  the  materials  often 
cannot  be  represented  by  ideal  proto-  ; 
types.  It  is  to  be  expected,  therefore,  i 
that  theoretical  analysis  will  not  pro- 
duce the  same  results  as  in  structural  ' 
engineering  or  soil  mechanics.  Con-  , 
sequently,  there  are  many  cases  j 
where  model  work  might  be  an  alter- 
nate  procedure  for  predicting  stresses,  * 
strains  and  the  consequence  of  these  i 
reactions  around  underground  open-  Î 
ings.2o  j 
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While  the  standard  slide  rule  has  long  been  considered  as  almost  synonymous 
with  engineering  calculations,  there  is  a rather  widespread  tendency  to  belittle 
its  capabilities  because  of  its  inherent  limitations.  Since  the  slide  rule  is  an 
analogue  device,  these  limitations  are  real  enough  and  must  be  respected,  but 
within  its  field  of  application,  the  slide  rule  can  be  a superb  instrument  and 
capable  of  much  more  than  the  simple  tasks  usually  given  to  it. 

The  present  paper  explores  a number  of  “other-than-ordinary”  applications 
including  use  of  procedural  strategy  to  increase  numerical  accuracy,  extension 
of  the  proportion  principle,  and  solution  of  polynominal  equations  of  degree 

five  or  less. 


IN  THE  CURRENT,  and  proper, 
interest  among  engineers  for  wider 
use  of  electronic  computer  facilities, 
it  must  be  realized  that  many  of  the 
“old  ideas”  are  by  no  means  super- 
seded, a point  of  view  which  has  been 
previoulsy  discussed  by  the  writer^  As 
there  set  forth  “The  traditional  com- 
puter of  the  engineer  . . . the  standard 
slide  rule  . . is  ordinarily  considered 


as  merely  useful  for  three-figure  multi- 
plying and  dividing,  but  properly 
employed,  it  can  often  yield  unusual 
results  with  great  ease  and  sometimes 
with  accuracy  not  nearly  so  readily 
attainable  by  other  means.”  As  its 
title  suggests,  the  present  paper  will 
endeavour  to  indicate  some  “other- 
than-ordinary”  slide  rule  uses  which 
have  been  developed  by  tlie  writer. 


The  “ordinary”  uses  are  certainly 
worthy  of  greater  amplification  than 
they  usually  get,  but  these  standard 
procedures  are  generally  available  in 
makers’  manuals  and  in  books.-- 


To  set  the  record  straight,  the 
“standard  slide  rule”  here  considered 
is  a l()-i\ich  (2.5-cm.)  model  carr\  ing 
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Fig.  1 (a)  Schematic  arrangement  of  scales  on  the  “stand- 
ard slide  rule”. 

(b)  The  principle  of  proportion: 

=i-  = X 

Fi  Y-2  Y,'  ' ' Y' 

The  principle  of  “inverted”  multiplication  and 
division: 


Fig.  2 (a)  Square  root,  (b)  Cube  root,  by  the  “homing 
process”; 

( c ) Solution  of  fifth  degree  polynomial  equation 
by  “modified  homing  process”. 


Fj  = Y'Z-:,  Ÿ = 


at  least  the  scales  shown  in  Fig.  la, 
which  are  schematically  segregated 
into  the  two  broad  groupings  of  “body 
scales”  and  “slide  scales”  and  labelled 
with  the  designations  usually  encoun- 
tered. Any  given  make  or  model  may 
have  other  scales  as  well  (including, 
perhaps,  scales  of  inches  and  centi- 
meters) and  will  certainly  exploit  both 
sides  of  the  rule,  each  with  its  dis- 
tinctive array  of  “neighbours”.  To 
permit  the  utilization  of  its  full  capa- 
bilities, the  slide  rule  must,  of  course, 
be  accurately  assembled  and  adjusted. 

Although  usually  taken  very  much 
for  granted,  the  distinctive  attributes 
of  the  slide  rule  are  worthy  of  brief 
review,  since  an  appreciation  of  these 
capabilities  can  greatly  enhance  the 
scope  of  the  instrument.  The  slide 
rule  is  an  analogue  computer  in  which 
numbers  are  represented  by  lengths 
on  special  scales.  The  fundamental 
length  unit  corresponds  to  the  log- 
arithmic equivalent  of  a tenfold  num- 
ber ratio,  and  will  be  referred  to  as 


a “decade”.  By  use  of  the  “lateral 
transfer”  principle  (usually  via  the 
cursor),  these  special  scales  can  be 
taken  in  appropriate  pairs  to  provide 
the  equivalent  of  a set  of  functional 
tables.  The  relative  movement  be- 
tween slide  and  body  gives  the  “addi- 
tion and  subtraction”  facility  and,  due 
to  the  logarithmic  foundation  of  the 
scales,  this  permits  the  simple  opera- 
tions of  midtiplication,  division,  and 
so  forth.  It  must  be  realized  that  the 
slide  rule  usually  takes  care  of  only 
the  mantissae  and  so  the  decimal  point 
location  in  any  problem  must  be 
handled  “externally”.  “Running  off” 
the  end  of  the  rule  can  often  be 
avoided  by  proper  use  of  the  folded 
scales,  and  in  multi-factor  operations, 
non-productive  re-settings  can  be  eli- 
minated by  judicious  alternation  of  the 
multiplication  and  division  processes; 
interchange  of  multiplications  and  di- 
vision as  needed  can  often  be  accomp- 
lished through  use  of  the  reciprocal 
scales. 


Any  analogue  device  is  limited  by 
the  accuracy  of  the  measurements 
involved,  and  in  the  standard  10-inch 
slide  rule,  the  numbers  can  be  de- 
termined to  little  better  than  1/10  of 
1%.  For  many  engineering  calcula- 
tions, this  matches  the  accuracy  of  the 
data,  and  by  its  nature,  the  slide  rule 
suppresses  extraneous  figures  in  the 
answers.  There  are  other  distinctive 
attributes  as  well.  Any  intermediate 
answers  in  a problem  are  very  con- 
veniently stored  and  transferred,  either 
opposite  the  cursor  or  a scale  index, 
and  there  is  frequently  no  need  to  be 
concerned  with  the  numerical  value  of 
such  an  intermediate  answer  as  the 
value  can  be  handled  without  the 
operator’s  needing  to  know  what  it  is. 
Further,  since  the  slide  rule  is  a 
graphical  device,  it  has  the  important 
facility  of  being  able  to  display,  not 
only  the  answer  called  for,  but  other 
answers  as  well  in  the  same  general 
vicinity.  This  means  that  a problem 
may  be  terminated  in  its  early  stages 
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Example  1 : 

0.937  X 37.08  = (1  - 0.063)37.08  = 37.08 

(via  slide  rule)  — 2.34 

(via  desk  calculator  34.7440) 

Example  2 : 

80.684  79.652  + 1.032  1.032 

= = 24 = 2 

39.826  39.826  39.826 

(via  slide  rule)  4-0.0259 

~~2mE9  _ 

(via  desk  calculator  2.025913) 


The  strategy  suggested  is  to  break 
the  problem  into  two  parts,  one  of 
whieh  can  be  handled  easily  with 
the  slide  rule,  and  the  other  disposed 
of  easily  without  the  slide  rule.  A 
preliminary  exploration,  or  a final  in- 
dependent check,  is  always  available 
by  doing  such  problems  in  the  routine 
way  (that  is,  without  benefit  of  any 
“strategy”).  (Examples  1 and  2). 

Occasionally  a problem  will  lend 
itself  to  solution  by  means  of  a series 
which  converges  rapidly.’^  For  the 
binomial  theorem,  a form  very  useful 
for  slide  rule  work  is 


simply  because  the  graphical  nature 
of  the  rule  permits  the  operator  to 
perceive  when  he  is  sufficiently  close 
to  the  answer  required. 

Certain  corollary  attributes  of  the 
slide  rule’s  logarithmic  make-up  are 
worthy  of  mention.  The  “principle  of 
proportion”  is  illustrated  in  Fig.  lb, 
which  serves  also  to  indicate  the  prin- 
ciple of  “inverted”  multiplication  and 
division.  It  will  be  clear,  for  either 
principle,  that  the  essential  feature  in- 
volves the  relative  movement  of  two 
scales,  without  any  fundamental  pref- 
erence as  to  which  is  on  the  slide  and 
which  is  on  the  body. 

Although  the  slide  rule  operations 
usually  ignore  the  location  of  the 
decimal  point  in  factors  for  multipli- 
cation or  division,  it  is  sometimes 
necessary  to  give  partial  or  full  atten- 
tion to  this  matter,  as  in  procedures 
involving  square  and  cube  root  and 
the  trigonometric  functions.  It  is  use- 
ful to  realize  that  the  square  and  cube 
scales  can  be  used  together  to  give 
two-thirds  and  three-halves  powers, 
which  can  each  be  handled  with  a 
single  cursor  setting  if  the  root  opera- 
tion is  performed  first. 


The  following  paragraphs  will  illus- 
trate how  the  fundamental  slide  rule 
features  can  be  utilized  in  certain 
special  applications.  The  operations 
described  are  primarily  concerned 
with  enhanced  arithmetic;  whether 
the  procedures  are  justified  by  the 
relevant  circumstances  is,  of  course, 
a very  important  matter,  but  this  is 
not  at  present  the  concern  of  the 
writer. 

1.  Extra  Significant  Figures  by  Proper 
“Strategy”. 

Not  infrequently  the  nature  of  a 
calculation  is  such  that  while  the 
ordinary  slide  rule  answer  provides  a 
respectable  enough  three-figure  result, 
we  may  be  anxious  to  have  at  least  a 
four-figure  answer,  because,  say,  we 
are  desirous  of  evaluating  a difference 
(a  process  which  often  degrades  the 
relative  accuracy  of  the  result).  For 
example,  34.7  — 33.9  = 0.8,  where 
the  three-figure  numbers  yield  no 
better  than  a one-figure  difference. 
If  we  could  have  provided  values  such 
as  34.74  — 33.87  = 0.87,  this  result 
would  have  produced  a potentially 
much  more  useful  answer. 


Example  3 : 


Hence 


V64.348 

For  n = 5 and  x positive,  Eq]  (1)  becomes 


, ,1/2  XX 

-‘+5--8+- 


64 


S46-.=  64'<..»f?)'N 


(via  slide  rule) 

I 

8(1  4-  0.00544)' 


= 8 


(via  slide  rule)  -f  0.00272 


(via  slide  rule) 
(via  desk  calculator 


0.000004 

T0CI^6_ 

S 

0.0217 

81)217 

8.021721) 


(1  db  X’)  — 1 ± 71X  + 2^  ^ 


n{n  — l)(n  — 2) 


3! 


X'*  4-  . • . 
(1) 


which  is  valid  for  any  value  of  n and 
for  .r  in  the  range  — I to  4-1-  When  x 
can  be  made  relatively  small,  only  a 
few  terms  may  be  needed  (Examples 
3 and  4). 

At  a somewhat  lower  level  of 
sophistication,  it  may  be  desired  to 
extract  a rather  better  square  root 
than  is  available  from  the  A-  and  fi- 
scales, or  a better  cube  root  than  can 
be  obtained  from  the  K-scale  (or  it 
may  be  that  one  or  another  of  these 
multi-decade  scales  is  missing  from 
the  rule  in  hand).  The  desired  results 
can  be  obtained  by  what  might  be 
termed  a “homing  process”,  as  indi- 
cated in  Fig.  2a,  b. 

In  Fig.  2a,  for  finding  X =r  the 
index  of  the  slide  is  set  on  N and  the 
cursor  is  then  moved  until  the  same 
reading  (X)  is  obtained  on  Cl  as  on  D 
(sequences  (1),  (2).  That  is,  the 

cursor  is  “homed”  upon  the  value  of 
X (by  making  the  Cl-  and  D-scales 
each  read  the  same  under  the  cursor). 
As  always  in  square  root  problems, 
there  are  two  values  to  be  found  for 
the  significant  figures  of  any  N,  only 
one  value  of  which,  of  course,  is  cor- 
rect for  the  problem  given;  in  Fig.  2a, 
the  “other”  value  would  be  determined 
when  the  right  index  of  the  slide  is 
placed  opposite  N. 

In  Fig.  2b,  for  finding  Y =M‘&,  the 
value  of  M is  located  on  A with  the 
cursor  and  the  slide  is  then  moxed 


•By  extending  the  procedures  of  Fig.  2a.  it 
is  possible  to  obtain  fairly  easily  the  three- 
quarters  and  five-quarters  powers — a facil- 
ity of  considerable  convenience  in  evaluat- 
ing specific  speed  for  turbomachinery, 
where  such  functions  of  the  head  are 
needed.  The  use  of  the  full-length  scales 
generally  permits  of  enhanced  numerical 
accuracy  over  other  slide  rule  methods. 
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Example  4 : 


1/39.826 


For  n = —1  and  x negative,  Eq.  (1)  becomes 


(1—  x)  = I + X + X + x + ... 


Hence 


1 


39.826 


1 


40  - 0.174  40  \1— 0.174 

^(T 

1 _i 

0.00435) 


40 


1 

40  + 0.00435 

(via  slide  rule)  + 0.00002 
L00437J 
0.025 

(via  slide  rule)  0.0001092 

570^092 

(via  desk  calculator  0.02510923) 


Cross  check  on  Example  2 ; 

80.684 


39.826 


80.684  X 0.0251092 

(80  + 0.684)0.0251092  = 2.008736 

(via  slide  rule)  0 01717 
2.02591 


until  the  same  value  (Y)  is  read  on  B 
under  the  cursor  as  on  D opposite  the 
slide  index  (sequences  (1),  (2)).  (Three 
values  of  Y in  all  may  be  so  found.) 
As  one  of  the  author’s  colleagues 
pointed  out,  sequence  (3)  in  Fig.  2b 
gives  and  this  idea  may  be  ex- 

tended to  provide  (sequences  (3) 
and  (4)  of  Fig.  2a)  and  (sequences 
(4)  and  (5)  of  Fig.  2b).* 

2.  Extensions  of  the  Principle  of 
Proportion 

Since  the  slide  rule  scales  are 
assembled  in  parallel,  the  lateral  trans- 
fer principle  will  operate  effectively 
even  though  one  of  the  scales  does 
not  enter  the  operator’s  conscious  ob- 
servations. The  proportion  principle 
illustrated  in  Fig.  lb  has  therefore 


quite  extensive  possibilities — a stand- 
ard example  being  the  “law  of  sines”: 

a h c 

sin  A sin  B sin  C 

which  is  used  in  certain  of  the  triangle 
solutions  of  plane  trigonometiy  (for 
a triangle  of  sides  a,b,c  and  respec- 
tively opposite  angles  A,  B.  C).  On 
some  earlier  slide  rule  models,  the 
sine  scale  is  worked  against  the  A-  and 
B -scales,  but  this  fact  changes  only 
the  location  on  the  rule  where  the 
values  are  handled. 

By  extending  the  general  propor- 
tion principle  to  other  scales  on  the 
rule,  it  is  possible  to  deal  with  such 
ratios  as  are  shown  in  the  following 
table. 


3.  Solution  of  Polynomial  Equations 
of  Degree  Five  or  Less 
Not  infrequently,  it  is  necessary  to 
solve  equations  of  higher  order  than 
quadratic,  and  while  there  are  stand- 
ard algebraic  and  trigonometric  solu- 
tions and  associated  theorems,®  the 
labour  (and  mental  inertia)  involved 
usually  makes  these  methods  unattrac- 
tive to  a busy  computer.  Furthermore, 
if  the  polynomial  arises  from  a stand- 
ard interpolation  formula  (such  as 
those  of  Gregory-Newton,  Stirling, 
Bessel,  etc.),  not  only  is  the  rough 
magnitude  of  the  answer  known  (from 
a graphical  sketch,  say),  but  its  valuer 
may  not  be  required  much  beyond 
two  or  three  figures.  In  such  cases,  the  . 
slide  rule  provides  an  answer  with 
any  desired  degree  of  refinement  (up 
to  its  inherent  capabilities  of  accur- 
acy). Even  if  the  slide  rule’s  best  is  not 
good  enough,  the  rule  does  perform  a 
very  useful  function  in  exploring  the 
situation  prior  to  more  refined  nu- 
merical procedures. 

The  method  of  solution  described 
below  involves  a “modified  homing 
proeess”  in  whieh  each  trial  can  be 
handled  in  a single  setting  of  the  slide 
(although  an  end-to-end  shift  may  be 
necessary  to  permit  of  “reaching”  all 
the  factor  involved).  The  method  ex- 
ploits fully  the  possibilities  of  the 
various  scales,  and  it  is  noteworthy 
to  observe  how  essentially  smooth  is 
the  data  flow  therefrom. 

Since  the  standard  slide  mle  has 
only  one  K-seale,  the  method  eannot 
deal  with  equations  beyond  the  5th 
degree,  but  in  usual  engineering  com- 
putations this  will  not  normally  be 
any  hardship;  as  a further  conse- 
quence, it  is  necessary  that  the  coeffi- 
eient  of  the  highest  power  term  be 
unity,  which,  of  course,  is  easily 
enough  aceomplished.  The  method 
under  consideration  is  therefore  con- 
cerned with  a function  of  the  fonn 

F{X)  = + aX^  -f  bX^ 

-f  cZ2  4-  dX  + e (2) 


Proportion 

Slide  Rule  Scales 

X 

A and  C (or  B and  D) 

x''"  X 

or  — 

K and  C 

Y 

2/3  ,,  „l/3 

X X or  X 

-rr-  or  — or  — — 

K and  B 

Y Y^'^ 

-rrl/2  „ 

-A  A.  1/2  *> 

— — or  (X  F or  XF  = constant) 

IF  1/F2’ 

A and  Cl 

— or  - ; (X  F or  XF  = constant) 

1/F  1/F3’  ' 

K and  Cl 

where  a,  b,  c,  d,  e are  numerical  (real) 
coefficients,  and  the  necessary  pro- 
cedure is  to  find  a value  of  X such 
that  F(X)  =0.  The  description  given 
will  apply  to  the  5th  degree  function 
shown  in  Eq.  (2);  functions  of  the  4th 
or  3rd  degree  will  be  correspondingly 
simpler. 

Since  an  n-degree  equation  has  n 
roots,  it  is  important  to  have  some 
inkling  as  to  the  various  solutions  that 
might  be  produced  so  as  to  guard 
against  using  a result  which  is  mathe- 
matically correct  but  extraneous  to  the 
physical  problem  in  hand.  A very  use- 
ful rule  from  algebra  is  “Descartes’ 
Rule  of  Signs”  which  states  that  in  a 


44 


THE  ENGINEERING  JOURNAL  |î^  NOVEMBER,  1962 


i(oel 

jÿia 


ièî 

fji 


i I® 
I lio 
► If! 
■ l« 


i 


r 

li 


i 

i 


i 


polynomial  such  as  Eq.  (2)  with  real 
coefficients  and  with  powers  of  X 
arranged  in  descending  order,  there 
can  be  no  more  positix’e  real  roots 
than  there  are  variations  of  sign  in 
F(X),  and  no  more  negative  real  roots 
,1  than  variations  of  sign  in  F(— X).  In 
Eq.  (2)  (assuming  all  the  literal  eo- 
h'  efficients  are  positive)  there  are  no 
I changes  of  sign  and  therefore  there 
, cannot  be  any  positive  real  roots.  By 
I replacing  +X  with  —X,  there  results 

I 

! F(-X)  = -X5  + aX*  - 6X3 

^ + cX2  - dX  + e (3) 

I 

which  has  five  ehanges  of  sign.  There 
‘ may,  therefore,  be  five  negative  real 
roots  but  there  may  also  be  one  or  two 
j pairs  of  eonjngate  complex  roots  (with 
correspondingly  fewer  real  roots). 

Assuming  that  appropriate  control 
is  available  over  the  sign  and  general 
magnitude  of  the  value  of  X being 
sought,  we  can  now  proceed  to  the 
slide  rule  method.  It  is  first  neeessary 
to  divide  Eq.  (2)  through  by  X-, 
I yielding 

1 (1)  (2)  (3)  (4) 

I /(X)  = X3  + aX2  + 6X  + c + 

i (5)  (6) 


The  superimposed  numbers  are  for 
identifieation  in  Fig.  2c.  The  trial 
value  for  X is  stored  on  the  D-seale 
opposite  the  index  of  the  C-scale  and 
by  successive  movements  of  the  cur- 
sor, the  several  produets  in  Eq.  (4) 
can  be  evaluated.  When  the  sum  of 


the  items  on  the  right  hand  side  of 
Eq.  (4)  comes  sufficiently  close  to 
zero,  the  corresponding  value  of  X 
represents  one  of  the  roots  of  the 
equation.  The  sum  need  only  be  as 
close  to  zero  as  the  corresponding 
accuracy  required  in  X,  but  in  any 
case  all  that  need  actually  be  accomp- 
lished is  that  the  sum  “straddle”  zero; 
from  here  the  “true”  X can  be  deter- 
mined by  relatively  simple  interpola- 
tion. It  will  be  seen  that  the  suggested 
procedure  takes  advantage  of  the 
“inverted”  multiplication  technique 
considered  in  Fig.  lb.  Before  sum- 
ming the  terms,  the  operator  must  of 
course  watch  that  signs  and  decimal 
point  location  are  correct,  but  if  his 
bookkeeping  has  any  orderliness  at  all, 
he  need  do  the  actual  thinking  only 
for  the  first  trial,  as  the  subsequent 
trials  will  follow  a consistent  pattern 
(Example  5). 

Discussion 

In  an  early  paragraph  of  this  paper, 
reference  was  made  to  the  need  for 
“external”  handling  of  the  decimal 
point — since  the  logarithms  used  by 
the  slide  rule  comprise  only  the  man- 
tissae  and  essentially  ignore  the  char- 
acteristics. Very  often  the  decimal 
point  can  be  located  quite  easily  by 
inspection,  but,  in  less  obvious  cases, 
some  systematic  approach  must  be 
devised.  The  factors  are  usually 
rounded  off  drastically  to  give  simple 
values  easy  to  manipulate,  with  spe- 
cial attention  to  the  proper  powers  of 
10  in  very  large  or  very  small  factors. 

It  is  always  highly  desirable  to 
have  some  independent  means  of  ap- 
proaching an  answer — no  matter  how 


Example  5 

F{X)  = X5  - 23.4X4  - 0.749X3  + 0.0532X2  + 3.37X  + 10.9 
Changes  of  sign  in  F(X)  : 2;  % no  more  than  2 positive  real  roots 
Changes  of  sign  in  F(— X):  3;  % no  more  than  3 negative  real  roots 
Divide  through  by  X2: 


/ (X)  = X®  - 23.4X'  - 0.749X  -f-  0.0532  -f  -f  ^ 

Set  up  systematic  worksheet,  try  X = +1.0  for  simple  start  and  round 
off  items  appropriately: 


X 

+ 1.0 

+0.8 

+0.9 

+0.878 

+ 

— 

+ 

— 

+ 

— 

+ 

— 

+ x® 

-23.4  X2 

1.00 

23.40 

0.51 

15.00 

0.73 

18.96 

0.68 

18.06 

- 0.749X 
+ 0.053Z 

0.05 

0.75 

0.05 

0.60 

0.05 

0.67 

0.05 

0.66 

+3.37/X 

3.37 

4.22 

3.74 

3.84 

10.9/X2 

10.90 

17.05 

13.45 

14.15 

15.32 

24.15 

21.83 

15.60 

17.97 

19.63 

18.72 

18.72 

f (X) 

* 

-8.83 

+6.23 

** 

-1.66 

0.00 

V 

**  By  inspection  of  the  various  terms,  we  perceive  that  / (X)  will  approach  0 if  we 
diminish  X;  hence  try  +0.8. 

**  Since  / (X)  has  overshot  0,  try  X closer  to  +1.0,  .say  +0.9;  when  new  / (X)  has  been 
evaluated,  plot  graph  of  X vs  / (X)  for  the  three  sets  of  values  and  interpolate  for  X 
to  give  / (X)  = 0.  Then  check  on  this  value. 

V For  X = +0.878,  / (X)  = 0 within  the  accuracy  of  the  slide  rule  results;  hence 
X = +0.878  gives  one  of  the  required  roots.  (The  other  real  roots  can  be  evaluated 
by  similar  procedures.) 


rough  the  method  might  be — so  as  to 
guard  against  mistakes  in  the  pro- 
cedure. The  necessary  “external” 
operation  of  locating  the  decimal  point 
in  a slide  rule  computation  provides  a 
remarkable  opportunity  for  checking 
that  computation  independently.  The 
writer  recommends  a technique  which 
may  be  called  “compensatoiy  round- 
ing”, in  which  the  simplification  of  the 
factors  is  directed  towards  keeping  the 
“rough”  answer  as  close  as  possible  to 
the  “refined”  answer.  If  two  factors 
occur  as  part  of  a product,  then  one 
will  be  rounded  downwards  and  the 
other  upwards,  while  if  the  two  fac- 
tors occur  as  part  of  a division,  the 
two  are  rounded  in  the  same  direction, 
either  upwards  or  downwards,  which- 
ever is  more  convenient.  In  using  this 
procedure  the  writer  has  found,  almost 
without  exception,  that  if  the  “rough” 
answer  differed  from  the  slide  rule 
result  by  more  than  10%  or  so,  then 
some  sort  of  mistake  was  involved, 
typically  the  omission  or  inversion  of 
one  of  the  several  items. 

Concerning  the  special  slide  rule 
methods  that  have  been  discussed  in 
this  paper,  it  may  well  be  found  that 
some  of  the  ideas,  and  others  not 
mentioned,  have  been  independently 
developed  or  at  least  anticipated  by 
other  workers.  It  is  quite  natural  that 
this  should  be  so,  for  all  that  is  re- 
quired is  a good  knowledge  of  slide 
rule  principles,  an  active  imagination 
and  the  motivation  provided  by  the 
demands  of  practical  problems.  No  all 
of  the  techniques  mentioned  in  this 
paper  necessarily  have  immediate 
practical  applications,  but  the  import- 
ant fact  to  be  realized  is  the  great 
versatility  of  the  standard  slide  mle. 
When  its  capabilities  are  fully  real- 
ized, it  can  be  a powerful  aid  in  com- 
putation. Occasionally  it  takes  the 
place  of  a more  sophisticated  device, 
such  as  a desk  calculator  which  is  at 
the  moment  not  at  hand,  but  more 
often,  perhaps,  by  its  very  speed, 
convenience  and  versatility,  the  slide 
rule  commands  a respected  place  in 
its  own  right. 
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r-pHE  GRAND  RAPIDS  Generating 
JL  Station  presently  under  construc- 
tion for  Manitoba  Hydro  is  located  on 
the  Saskatchewan  River  just  upstream 
from  its  outlet  into  Lake  Winnipeg. 
The  reservoir  is  formed  by  a concrete 
spillway  dam  built  in  the  channel  of 
the  Saskatchewan  River  near  the  head 
of  the  Grand  Rapids,  with  adjoining 
earth  dams  and  a series  of  dikes 
across  low  points  in  the  height  of 
land  immediately  west  of  Lake  Winni- 
peg. The  reservoir  when  filled  will 
have  a length  of  64  miles  and,  as 
shown  in  Fig.  1,  will  contain  the 
present  Gedar  Lake  and  Gross  Lake. 
It  will  flood  an  extensive  area  of 
marsh  land  to  the  north  and  west 
of  these  lakes.  Its  depth  will  vary 
from  just  a few  feet  in  the  marshland 
area  to  about  40  ft.  in  the  areas  of 
Gedar  and  Gross  Lakes.  The  earth 
dams  and  dikes  required  to  form  the 
reservoir  will  have  a total  length  of 
approximately  1.5  miles,  and  heights 
up  to  90  ft. 

Selection  of  freeboard  and  spillway 
capacity  for  this  development  required 
a study  of  meteorological  and  hydro- 
logical  data  to  estimate  the  wind 
setup  and  wave  action  that  could 


occur  within  the  reservoir  and  the 
magnitude  of  floods  entering  it. 

Preliminary  studies  showed  that 
wind  setup  within  the  reservoir  could 
rise  as  high  as  5 ft.  where  the  dikes 
are  located,  and  that  the  height  of 
waves  in  Gross  Lake  could  exceed 
8 ft.  Gonsiderable  expense  would  be 
involved  in  providing  dike  freeboard 
to  withstand  the  maximum  setup  and 
wave  runup. 

The  preliminary  studies  also  indi- 
cated that  an  expensive  spillway  ar- 
rangement would  be  required  if  no 
flood  storage  were  utilized  and  it 
were  assumed  that  floods  entering  the 
reservoir  had  to  be  passed  immedi- 
ately through  it. 

To  obtain  maximum  economy  in 
the  Grand  Rapids  layout,  a compre- 
hensive study  was  made  of  free- 
board requirements  including  the 
determination  by  wave  diffraction 
and  refraction  analyses  the  height 
and  period  of  waves  reaching  the 
various  earth  dikes,  and  consideration 
was  given  to  the  use  of  flood  flow 
forecasting  and  flood  storage  to  re- 
duce spillway  discharge  requirements. 
This  paper  outlines  the  methods  used 
to  determine  the  effect  of  windstorms 


over  the  reservoir  and  to  control  the 
rise  in  water  level  due  to  floods 
entering  the  reservoir.  Application  of 
these  methods,  considering  various 
spillway  capacities,  and  a statistical 
analysis  of  water  levels  in  the  power- 
house area,  led  to  the  selection  of  an 
optimum  combination  for  dike  free- 
board, flood  storage  and  spillway  ca- 
pacity. The  capacity  of  this  combina- 
tion was  later  checked  to  ensure  that 
the  maximum  probable  flood  derived 
from  meteorological  considerations, 
could  be  passed  safely  through  the 
reservoir. 

Wind  Setup 

When  a wind  blows  over  a lake  or 
reservoir,  the  shear  stress  of  the  wind 
on  the  surface  of  the  lake  moves  the 
suface  water  towards  the  lee  shore 
and  raises  the  level  at  that  location. 
If  the  wind  is  of  sufficient  duration, 
a stable  slope  will  be  established  with 
water  moving  along  the  lake  surface 
in  the  direction  of  the  wind  and 
returning  along  the  bottom. 

In  a long  shallow  lake  the  rise  in 
water  level  or  setup  on  the  lee  shore 
may  be  large,  as  the  return  flow  along 
the  bottom  is  restrained  by  frictional 
forces.  Observations  in  Lake  Erie  dur- 
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ing  the  fall  of  1956  showed  the  water 

I C' 

I level  on  the  lee  shore  at  Buffalo  to 
; rise  eight  feet  above  normal  lake 
, level.  The  length  and  average  depth 
of  Lake  Erie  are  130  miles  and  60 
; ft.  respectively.  Significant  setup  has 
also  occurred  in  Lake  Winnipeg.  The 
length,  depth  and  orientation  of  the 
Grand  Rapids  reserv'oir  indicate  that 
a strong  north  or  northwest  wind 
coidd  be  e.xpected  to  blow'  out  large 
quantities  of  w'ater  from  the  shallow 
areas  at  its  w'est  end  into  Cedar  Lake 
and  towards  the  Grand  Rapids  site. 

Many  formulae  are  available  for 
calculating  the  magnitude  of  setup. 
These  formulae  have  been  developed 
from  observations  in  large  lakes  and 
experimental  investigations  in 
hydraulic  laboratories.  All  the  formu- 
lae are  of  the  same  general  form,  but 
vary  slightly  in  detail.  For  the  case 
of  fairly  deep  water,  the  formulae 
take  the  form: 


w'here 

h — wind  setup  above  still  w'ater 
surface 

W = wind  velocity 
g = acceleration  due  to  gravity 


L = length  of  reservoir  being 
considered 

C = a constant,  depending  largely 
on  bottom  roughness 

K = a factor,  depending  on  the 
plan  shape  of  the  reservoir 

The  general  form  of  equation  (1) 
shows  that  the  setup  is  proportional 
to  the  square  of  the  wind  velocity 
over  the  reservoir  and,  therefore,  in- 
creases rapidly  with  this  velocity.  It 
was,  therefore  important  in  the  study 
of  freeboard  requirements  to  deter- 
mine as  accurately  as  possible  the 
wind  speeds  which  can  be  e.xpected 
over  the  reservoir.  The  three  nearest 
stations  at  which  wind  speeds  have 
been  measured  for  a considerable 
time  are  located  at  the  Pas,  Island 
Falls  and  Winnipeg.  A statistical 
analysis  of  records  at  these  stations 
showed  the  frequency  w'ith  which 
extreme  wind  storms  could  be  ex- 
pected. However,  these  weather  sta- 
tions are  located  on  land,  and  investi- 
gations by  Major  Hunt  of  the  United 
States  Corps  of  Engineers  have  shown 
that  wind  speeds  measured  over  the 
water  in  Lake  Erie  are  considerably 
higher  than  those  measured  at  ad- 
jacent land  stations.  The  variation  is 
particularly  evident  during  the  fall 
when  the  water  temperature  exceeds 


the  temperature  of  the  air.  At  that 
time,  convection  currents  over  the 
lake  increase  the  wind  speeds  during 
moderate  storms  to  some  20  to  80% 
in  excess  of  speeds  measured  at  land 
stations. 

In  the  analysis  of  setup  in  the 
Grand  Rapids  reservoir,  the  ratio  of 
overwater  to  overland  speeds  was 
taken  to  be  1.5  for  overland  wind 
velocities  up  to  50  m.p.h.,  but  above 
this  velocity  the  ratio  was  decreased 
progressively  to  1.3  for  an  overland 
wind  speed  of  70  m.p.h.  The  decrease 
in  the  ratio  with  increasing  wind 
velocity  can  be  deduced  from  meteoro- 
logical theory  and  is,  in  general,  con- 
firmed by  measurements  made  in 
Lake  Erie. 

From  a detailed  analysis  of  the 
available  information,  a value  of  C 
= 3.84  X lO**  in  formula  (1)  was 
selected  and  used  for  setup  calcula- 
tion in  the  Grand  Rapids  reservoir. 
The  factor  K has  been  derived  theore- 
tically for  various  plan  forms.  For 
wind  blowing  towards  the  apex  of  a 
triangular  plan  form,  the  constant 
K = 1.33,  and  for  a wind  blowing 
in  the  opposite  direction  it  is  0.67. 
Intermediate  shapes  have  a value  of 
K lying  between  these  extremes.  For  a 
rectangular  reservoir  K = 1.  Along  the 
windward  shore  of  a reservoir  where 


Fig.  1.  Plan  of  reservoir  showing  loeation  of  dikes. 
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there  are  extensive  areas  in  which  the 
water  is  very  shallow,  these  areas 
may  be  blown  dry  during  high  winds. 
The  water  surface  in  other  shallow 
areas  is  parabolic  rather  than  straight, 
and  in  these  areas  Formula  1 has  to 
be  modified  to  take  into  account  this 
fact.  As  the  Grand  Rapids  reservoir 
has  within  it  considerable  variations 
in  shape  and  depth,  each  area  of 
approximately  constant  depth  had  to 
be  treated  separately  and  total  setup 
calculated  by  a step-by-step  method. 

The  calculation  was  further  compli- 
cated by  the  fact  that  the  reservoir 
consists  of  two  separate  sections 
which  are  connected  by  a rather 
narrow  channel  located  at  Flying 
Post  Rapids.  While  these  rapids  will 
be  submerged  when  the  Grand  Rapids 
reservoir  is  formed,  the  topography 
will  form  a constriction  between  the 
two  sections  of  the  reservoir.  To  de- 
termine the  maximum  setup  at  the 
powerhouse,  two  separate  wind  setup 
calculations  were  made  for  the  two 
areas  and  the  head  difference  across 
Flying  Post  Rapids  was  determined 
for  each  time  interval.  This  difference 
determined  the  volume  of  water  which 


THOUSANDS  OF  C.FS. 


PREOICTEO  PEAK  FLOW  AT  NIPAWIN  (SOUAW  RAPtOS) 

Fig.  3.  Spillway  rule  curve. 

flowed  from  Gedar  Lake  into  Gross 
Lake  and  thus  the  average  water  level 
in  Gross  Lake  for  the  succeeding 
period.  The  maximum  wind  setup  at 
the  powerhouse  depended  not  only 
on  the  wind  velocity  but  also  on  the 
duration  of  the  wind  storm,  since  the 
duration  and  head  differential  across 
Flying  Post  Rapids  determined  the 
volume  of  water  available  to  raise  the 
level  in  Gross  Lake.  Galculations 
showed  that  due  to  the  constriction 
at  Flying  Post  Rapids  a 12-hour  wind 


storm  would  not  produce  as  high  a 
setup  as  a storm  of  like  probability 
but  lower  average  speed  over  24 
hours.  For  storms  of  36-hour  and 
48-hour  duration,  the  setup  was  ap- 
proximately equal  to  that  with  the 
same  probability  calculated  on  a 
24-hour  basis. 

It  may  be  interesting  to  note  that 
a flow  of  approximately  400,000 
c.f.s.  must  be  established  through 
Flying  Post  Rapids  for  the  setup  to 
reach  its  maximum  value  in  24  hours. 

The  analysis  of  wind  velocities  and 
calculation  of  setup  indicated  that  the 
average  maximum  yearly  windstorm 
would  produce  a setup  of  approxi- 
mately 2/2  ft.  in  the  powerhouse  area. 
A windstorm  having  an  estimated 
return  period  of  5,000  years  would 
cause  a setup  of  5 ft.  All  calculations 
of  setup  were  based  on  the  assump- 
tion that  the  wind  direction  during 
the  critical  storm  is  constantly  in  the 
direction  of  a line  through  Flying  Post 
Rapids  and  the  powerhouse.  In  fact 
the  wind  direction  will  change  con- 
siderably during  the  course  of  a 
storm,  and  the  assumption  therefore 
gives  conservative  values  of  setup. 


Fig.  2.  Map  of  drainage  basin. 
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ing  floods. 


Flood  Flows 

The  Saskatchewan  River  flows  in  a 
generally  eastward  direction  from  its 
I headwaters  in  the  Rocky  Mountains, 
; through  the  Prairie  Provinces  to  its 
I outlet  in  Lake  Winnipeg.  The  drain- 
age basin,  shown  in  Fig.  2,  has  an 
area  of  some  156,600  square  miles. 
The  river  generally  experiences  two 
flood  peaks  each  year.  The  first  peak 
usually  occurs  in  April  or  May  and  is 
caused  by  snowmelt  in  the  prairies 
and  foothills.  The  second  peak  occurs 
during  the  summer  months  and  is 
caused  by  precipitation  in  the  head- 
waters and  snowmelt  on  the  higher 
peaks  of  the  Rocky  Mountains. 

When  the  snowmelt  occurs  later 
than  usual  and  when  the  heavy  rains 
start  rather  early  in  the  season,  the 
spring  and  summer  floods  at  The  Pas 
combine  into  one  long  period  of  high 
water  and  cannot  easily  be  distin- 
guished. In  studying  the  flood  dis- 
charges, no  distinction  was  made 
between  spring  floods  and  summer- 
floods,  the  entire  flood  period  being 
considered  as  a whole. 

The  basic  characteristics  of  the 
floods  which  can  be  expected  to  occur 
in  the  future  at  Grand  Rapids  were 
determined  from  a statistical  examina- 
tion of  the  peak  flows  and  volumes  of 
recorded  floods  at  Prince  Albert  and 
Saskatoon,  and  from  a review  of  de- 
sign floods  used  for  the  South  Sas- 
katchewan River  Project.  From  these 
data  a series  of  design  floods  with 
return  periods  from  100  to  10,000 
years  were  established.  These  are 
listed  in  the  following  table: 


Estimated 
Return  Period 
{Years) 

Peak 
Inflow 
. (c.f.s.) 

Flood. 

V olume 
(b.c.f.) 

100 

215,000 

1,280 

1,000 

285,000 

1,520 

5,000 

350,000 

1,700 

10,000 

362,000 

1,750 

Flood  inflows  were  routed  through 
tlie  Grand  Rapids  reservoir  assuming 


that,  during  a flood  period,  the  reser- 
voir would  be  operated  in  accordance 
with  the  following: 

(a)  The  flood  flow  at  Squaw  Rapids 
could  be  predicted  seven  days  in 
advance. 

(b)  The  reservoir  would  be  drawn 
down  so  that  on  the  basis  of  daily 
flood  predictions  it  would  just  be 
possible  to  refill  the  reservoir  after 
the  peak  of  the  flood  had  passed. 

The  rule  curve  that  will  be  used  for 
this  method  of  operation  is  shown  in 
Fig.  3.  This  curve  indicates  that  if 
the  flood  has  a predicted  peak  flow 
of  250,000  c.f.s.,  the  reservoir  should 
be  drawn  down  to  elevation  838.5  ft. 
After  the  peak  discharge  has  passed, 
as  indicated  by  a predicted  reduction 
of  inflow,  the  spillway  gates  would 
then  be  closed  and  the  reservoir 
would,  on  the  basis  of  past  experi- 
ence, be  refilled  at  the  end  of  the 
flood. 

The  maximum  reservoir  levels  re- 
sulting from  the  above  tabulated  in- 
flows were  calculated  for  a number  of 
spillway  capacities  between  80,000 
and  180,000  c.f.s.  In  this  computation 
it  was  assumed  that  the  average 
powerhouse  discharge  would  not  be 
less  than  10,000  c.f.s.  and  flood  stor- 
age was  discounted  in  Moose  Lake 
where  the  inflow  and  outflow  are 
restricted  by  narrow  channels.  The 
maximum  reservoir  levels  obtained  in 
this  way  are  shown  in  Fig.  4. 

Seasonal  Distribution  of 
Floods  and  Wind  Setup 

As  was  mentioned  in  the  previous 
paragraph,  the  majority  of  floods 
occur  in  the  spring  and  summer.  The 
seasonal  distribution  of  the  peaks  of 
recorded  floods  are  shown  in  Fig.  5. 

This  figure  shows  that  95%  of  the 
flood  peaks  passed  The  Pas  before  the 
beginning  of  August,  and  approxi- 
mately 60%  before  July  15.  Gompu- 
tations  have  shown  that  the  maximum 
water  level  in  the  Grand  Rapids  re- 
servoir is  reached  approximately  15 
days  after  a flood  peak  passes  The 
Pas;  thus  60%  of  the  maximum  flood 
levels  in  Gedar  Lake  would  occur 
before  August  1,  and  only  5%  after 
August  15. 


Fig.  5.  Seasonal  distribution  of  re- 
corded floods. 


COST  OF  PROTECTION  IN  MILLIONS  OF  DOLLARS 


Fig.  6.  Economy  of  protection. 


In  previous  reference  to  wind 
speeds,  it  was  noted  that  wind  veloci- 
ties over  water  are  substantially 
higher  than  the  wind  velocities  over 
land  when  the  temperature  of  the 
water  is  higher  than  the  temperature 
of  the  air.  This  condition  occurs 
generally  in  the  fall  of  the  year  before 
the  lakes  are  frozen  over.  In  the 
absence  of  local  data  on  which  the 
temperature  of  the  Grand  Rapids 
reservoir  could  be  forecast,  a review 
was  made  of  watei  temperature  mea- 
surements taken  at  Kelsey  on  tbe 
Nelson  River.  These  temperatures 
indicate  that,  assuming  the  Grand 
Rapids  reservoir  to  be  subject  to 
climatic  effects  similar  to  the  northern 
part  of  Lake  Winnipeg  and  the  Nelson 
River,  the  water  temperature  in  the 
Grand  Rapids  reservoir  will  exceed 
air  temperatures  by  a substantial 
amount  only  after  the  beginning  of 
August.  Since  records  showed  the 
overland  wind  speeds  after  August  to 
be  at  least  equal  to  the  average  yearly 
wind  speeds,  it  can  be  concluded  that 
in  the  Grand  Rapids  reservoir  the 
maximum  values  of  wind  setup  may 
be  expected  to  occur  after  August  1. 
Fig.  5 indicates  that  60%  of  the  peak 
inflows  in  the  Grand  Rapids  reservoir 
have  occurred  before  this  time,  and 
it  is  therefore  physically  not  correct 
to  combine  maximum  flood  levels 
with  maximum  rise  in  level  due  to 
wind  setup. 

The  extreme  length  of  the  Sas- 
katchewan River  is  another  factor 
affecting  the  possible  coincidence  of 
major  floods  and  extreme  setup  condi- 
tions. The  period  betsveen  the  occur- 
rence of  a major  rainstorm  over  the 
catchment  above  The  Forks  and  the 
arrival  of  the  resultant  flood  at  The 
Pas  is  approximately  one  month.  In 
that  period  the  meteorological  dis- 
turbance producing  the  storm  will 
probably  have  disappeared  and  asso- 
ciated high  winds  will,  therefore,  not 
occur  at  the  time  of  maximum  Rood 
levels  iu  the  Grand  Rapids  reservoir. 
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Fig.  7.  Wind  setup  in  reservoir. 


Summarizing,  the  study  of  seasonal 
distribution  of  floods  arid  windstorms 
indicated  that  it  is  unlikely  that  the 
greatest  wind  setup  in  the  reservoir 
will  occur  during  the  flood  season. 
It  was  also  established  that  the 
meteorological  disturbance  leading  to 
a flood  is  likely  to  have  passed  before 
the  flood  reaches  the  reservoir.  The 
rise  in  water  level  due  to  floods  can, 
therefore,  be  considered  as  statistic- 
ally independent  of  the  wind  setup, 
in  which  case  the  probability  of  a 
certain  flood  and  a certain  wind  oc- 
curring together  is  the  multiple  of 
their  separate  probabilities.  For  ex- 
ample, for  a combined  return  period 
of  1,000  years,  possible  combinations 
of  the  return  periods  of  setups  and 
floods  would  be  as  follows: 

Phenomenon  Return  Period  (Years) 

Flood 1,000  500  100  10  1 

Wind 1 2 10  100  1,000 

Economic  Design  for  Setup  and  Floods 
Having  established  that  it  is  reason- 
able to  design  spillway  capacity  and 
freeboard  on  the  basis  that  there  is 
no  statistical  correlation  between  the 
incidence  of  maximum  flood  levels 
and  maximum  setup,  it  is  pertinent 


Fig.  8.  Economic  combination  of  spill 
way  capacity  and  freeboard. 
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to  examine  the  minimum  amount 
of  spillway  capacity  and  freeboard 
which  it  is  economic  to  allow  for 
protection  against  these  contingencies. 

The  quantities  which  must  be 
evaluated  for  an  economic  analysis 
are: 

(a)  The  average  annual  cost  of  pro- 
viding spillway  capacity  and  free- 
board. 

(b)  The  average  annual  loss  incurred 
by  providing  insufficient  spillway 
capacity  or  freeboard. 

The  sum  of  these  two  quantities 
represents  the  total  annual  charges 
that  can  be  debited  for  protection 
against  and  for  repair  of  damage  due 
to  the  action  of  floods  and  storms.  If 
the  total  annual  charge  is  plotted 
against  the  cost  of  providing  spillway 
capacity  and  freeboard,  the  total  an- 
nual charge  will  pass  through  a mini- 
mum as  shown  in  Fig.  6.  If  more 
protection  is  provided  than  the  value 
at  which  this  minimum  occurs,  the 
additional  measures  will,  in  theory, 
be  uneconomic.  If  less  is  provided,  it 
is  probable  that  the  average  annual 
cost  for  repair  to  damages  due  to 
floods  and  winds  will  be  more  than 
the  savings  in  annual  charges  ob- 
tained through  reduction  of  spillway 
capacity  and  freeboard. 

To  find  the  minimum  average  an- 
nual cost  of  providing  protection 
against  floods  and  setup  of  a certain 
combined  frequency,  it  is  necessary 
to  find  the  most  economic  combina- 
tion of  spillway  capacity  and  free- 
board. This  was  done  as  follows: 
Firstly,  the  maximum  flood  level  in 
Cross  Lake  was  calculated  for  floods 
of  various  frequencies  and  for  various 
spillway  capacities  as  shown  in  Fig.  4. 
The  maximum  water  levels  in  the  in- 
take area  due  to  wind  setup  were  then 
calculated  for  overwater  winds  in  the 
fall  having  various  frequencies.  These 
maximum  water  levels  are  plotted 
against  reservoir  flood  levels  in  Fig.  7. 
It  can  be  seen  from  Fig.  7 that  an 
increase  in  flood  level  also  causes  an 
increase  in  setup.  This  increase  is  due 
to  the  greater  volume  of  water  blown 
from  shallow  areas  at  the  westerly  end 
of  the  reservoir  and  moved  by  the 
wind  towards  Cross  Lake. 

With  the  maximum  flood  levels  and 
the  maximum  surges  due  to  wind 
setup  determined,  it  was  possible  to 
examine  various  combinations  of  spill- 
way capacity  and  freeboard  required 
to  give  protection  against  the  com- 
bined action  of  wind  and  flood.  The 
total  cost  of  these  combinations  was 
plotted  in  Fig.  8 against  required 
freeboard.  Fig.  8 clearly  shows  for 
any  particular  frequency  of  occur- 
rence, the  most  economic  combination 
of  spillway  capacity  and  freeboard  on 
the  dikes. 


tection  related  to  potential  damage. 


H.  A.  Foster,  in  his  paper  to  The 
American  Society  of  Civil  Engineers 
on  Technical  Problems  of  Flood  In- 
surance, defines  the  average  annual 
loss  due  to  floods  or  insufficient  free- 
board as  the  total  loss  over  a period 
of  years  divided  by  the  number  of 
years.  If  records  were  available,  the 
average  annual  loss  could  be  evaluated 
as  a sum  of  major  and  minor  losses  in 
this  manner.  However,  for  the  Grand 
Rapids  Generating  Station,  such 
records  cannot  be  produced,  so  the 
average  annual  loss  can  only  be  ap- 
proximated as  the  total  loss  due  to  I 
dikes  overtopping,  divided  by  the 
return  period  of  a combination  of 
flood  and  setup  conditions  which 
would  cause  overtopping  of  the  dikes. 

In  the  calculation  of  minimum  spill- 
way and  freeboard  requirements,  the 
average  annual  losses  were  evaluated 
for  various  values  of  total  loss  and 
various  frequencies  to  cover  a com- 
plete range  of  the  variables  under 
consideration. 

Combination  of  the  average  annual 
loss  with  the  minimum  cost  of  flood 
and  setup  protection  from  Fig.  8 
gives  sufficient  information  to  plot  for 
any  assumed  value  of  total  damages 
a curve  of  total  annual  charges  in 
the  manner  indicated  in  Fig.  6 and 
thus  obtain  the  minimum  spillway  | 
capacity  and  dike  freeboard  required  ; 
to  protect  against  specific  damages.  ; 
This  was  done  for  a range  of  values  i 
of  total  damages  and  the  results  are  j 
presented  in  Fig.  9.  Annual  charges 
on  the  spillway  capacity  and  dike 
freeboard  were  taken  as  8%. 

The  curve  in  Fig.  9 first  rises 
steeply  and  then  levels  off  in  the 
area  where  the  value  of  potential 
damages  exceeds  $60  million.  The 
horizontal  line  B on  the  plate  indi- 
cates that  if  potential  damages  due 
to  the  dikes  overtopping  were  greater 
than  $60  million  to  $70  million,  it 
would  be  advisable,  even  on  economic 
grounds,  to  provide  four  spillway 
gates  to  discharge  140,000  c.f.s.  at  the 
controlled  water  level,  plus  5 ft. 
of  freeboard.  These  provisions  would 
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1 gi\e  protection  against  floods  and 
wind  action  having  an  estimated  re- 
turn period  of  approximately  5,000 
years.  The  piwision  of  additional 
I freeboard  to  horizontal  line  A,  could 
I not  be  justified  on  purely  economic 
. I grounds,  unless  the  potential  damage 
due  to  the  dikes  overtopping  far 
exceeds  the  estimated  total  cost  of 
; the  development. 

The  evaluation  of  flood  damages 
I at  a hydro-electric  development  is 
complex.  It  has  to  include  not  only 
i the  cost  of  repairing  the  damage,  but 
' also  the  cost  of  water  lost  from  the 
; reservoir  and  of  providing  alternative 
services  during  the  period  when  the 
; development  is  being  brought  back 
into  service.  If  the  damage  due  to 
the  dikes  overtopping  were  not 
localized,  it  is  conceivable  that  the 
total  of  flood  damage  due  to  the 
above  causes  could  amount  to  at  least 
. $60  million.  It  was,  therefore,  recom- 

! mended  that  the  spillway  capacity 
should  not  be  less  than  140,000  c.f.s., 
and  that  the  dikes  should  be  designed 
i for  a setup  of  5 ft.  Model  tests  have 
shown  that,  at  the  controlled  water 
! level,  140,000  c.f.s.  can  safely  be  dis- 
i charged  through  four  40  ft.  wide 
spillway  gates. 

Determination  of  Freeboard  on 
t Individual  Dikes 

The  freeboard  required  to  ensure 
a stable  dike  section  and  to  prevent 
overtopping  depends  not  only  on  the 
setup  and  the  flood  storage,  but  also 
on  the  action  of  the  waves  generated 
in  the  reservoir.  For  the  dikes  located 
at  the  entrance  to  the  forebay,  the 
worst  condition  occurs  with  a west  or 
northwest  wind.  Although  the  fetch 
length  in  that  direction  is  limited  to 
six  miles,  since  the  restriction  at  the 
Flying  Post  Rapids  effectively  pre- 


vents waves  generated  in  the  Cedar 
Lake  area  from  entering  Cross  Lake, 
waves  of  up  to  8 ft.  could  be  gener- 
ated in  the  reservoir  during  the  design 
storm.  When  waves  generated  in  the 
Cross  Lake  area  reach  the  opposite 
shore,  the  waves  are  diffracted  and 
refracted  around  the  islands  located 
at  the  entrance  to  the  forebay.  This 
action  is  shown  diagrammatically  in 
Fig.  10.  Of  the  waves  generated  in 
Cross  Lake,  only  those  waves  con- 
tained between  a-a  in  Fig.  10  are  able 
to  penetrate  into  the  forebay  area. 
The  remainder  of  the  waves  are  dif- 
fracted toward  the  shores.  When  the 
waves  pass  the  islands  at  the  entrance, 
the  wave  crests  fan  out  and,  in  doing 
so,  the  wave  energy  is  spread  out  over 
a longer  wave  front  and  the  waves 
diminish  in  height.  However,  the 
same  wind  also  generates  waves  in 
the  forebay  area,  and  although  the 
fetch  length  in  the  forebay  area  is 
relatively  small,  the  waves  generated 
within  it  are,  on  reaching  the  dikes, 
in  many  instances  larger  than  the 
remnants  of  waves  which  originate  in 
Cross  Lake  and  penetrate  between 
the  islands.  In  determining  the  maxi- 
mum wave  heights  which  can  occur 
at  the  various  dikes,  both  conditions 
were  investigated  and  the  largest 
waves  were  used  for  design  purposes. 

Waves  which  approach  the  dikes 
will  break  either  in  front  of  the  dike 
or  on  the  dike  slope.  In  either  case, 
a considerable  runup  against  the  dike 
slope  results.  Extensive  investigations 
by  Hudson  and  others  indicate  that 
the  runup  above  still  water  level  for 
a rubble-mound  breakwater  with  a 
slope  of  1:2.5  is  approximately  equal 
to  the  wave  height.  The  large  size 
riprap  required  to  withstand  the  wave 
action  results  in  a surface  of  rough- 
ness comparable  to  that  used  by 


Fig.  10.  Refraction  of  waves  in  the  forebay. 


Hudson;  wave  runup  is,  therefore, 
expected  to  equal  wave  height. 

The  uncertainty  in  the  determina- 
tion of  the  wave  runup  lies  in  the 
value  of  the  wave  height  which 
should  be  used  in  the  evaluation.  In 
the  calculation  of  the  wave  height 
from  diagrams,  the  height  which  is 
obtained  is  called  the  “significant 
wave  height”;  this  is  a statistical  term 
which  is  used  to  describe  the  average 
of  the  height  of  the  highest  one-third 
of  the  waves  in  a group.  The  maxi- 
mum wave  in  a wave  group  may  be 
as  much  as  60%  higher  than  the  sig- 
nificant wave  height.  It  would  be 
uneconomic  to  design  the  dikes  to 
withstand  this  one  maximum  wave 
which,  by  itself,  can  do  little  damage 
to  the  dike.  Therefore,  to  obtain 
criteria  for  freeboard,  a statistical 
analysis  was  made  of  the  waves  that 
would  have  occurred  at  the  various 
dike  sections  during  a period  of  15 
years.  Examples  of  the  results  of  this 
analysis  are  shown  in  Fig.  11.  The 
figure  shows  the  number  of  waves 
exceeding  an  indicated  wave  height 
during  an  average  open-water  season 
at  three  locations  differing  in  ex- 
posure. 

Freeboard  requirements  for  wave 
runup  were  based  on  this  frequency 
analysis.  The  analysis  showed  that  if 
freeboard  was  provided  to  prevent 
overtopping  by  95%  of  the  waves  dur- 
ing the  one  in  5000-year  design  storm, 
only  a very  small  number  of  waves  in 
the  15-year  period  examined  would 
have  overtopped  the  dikes.  A wave 
height  corresponding  to  95%  of  the 
waves  of  the  design  storm  was 
adopted  as  a design  wave  for  runup. 

Reasonable  criteria  for  use  in  de- 
termining the  total  freeboard  to  be 
allowed  on  the  dikes  were,  therefore, 
established  to  be  the  worst  combina- 
tions of  flood  rise,  setup  and  runup 
from  the  design  waves,  during  a storm 
in  which  the  combination  of  pheno- 
mena have  a return  period  of  not  less 
than  5,000  years.  The  combinations 
examined  ranged  from  the  one  in 
5000-year  flood,  and  the  average 


AVERAGE  NUMBER  OF  WAVES  EtCCEOiNG  THE 
INOICATCO  HEIGHT  DURING  ONE  OPEN  WATER  SEASON 

NOTE  AN  AVERAGE  OF  i2  STORMS 
OCCUR  IN  THE  OREN  WATER  SEASON 


Fig.  11.  Statistical  analysis  of  wave 
heights. 
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Fig.  12.  Hydrograph  of  maximum  prob- 
able flood. 


yearly  windstorm,  to  tire  one  in  5000- 
year  windstorm  on  a full  reservoir. 
The  computed  values  for  the  most  ex- 
treme combination  are  as  listed  in  the 
table  at  foot  of  this  page. 

Figures  given  in  this  table  were 
adopted  as  minimum  crest  elevations 
after  settlement,  except  for  dikes 
adjoining  the  powerhouse  intake.  As 
excess  spray  from  runup  on  these 
dikes  could  be  inconvenient  due  to 
the  proximity  of  the  switching  station 
and  other  structures,  the  minimum 
crest  elevation  of  these  dikes  was  in- 


IS — Section  A 5.0 

IS  and  2S — Section  B 5.0 

2S — Section  C 5.0 

2S — Section  D 5.0 

3S 5.0 

4S 5.0 


creased  to  elevation  852.  This  crest 
elevation  provided  for  all  dikes  a 
minimum  freeboard  of  10  ft.  above 
the  controlled  water  elevation  of  842. 

Maximum  Probable  Flood 

It  is  not  possible,  from  a statistical 
study  of  the  46  years  of  flow  records 
in  the  Saskatchewan  River,  to  deter- 
mine with  complete  confidence  the 
average  return  period  of  a particular 
flood  inflow.  It  is  necessary,  therefore, 
to  examine  the  physical  phenomena 
which  produce  floods  and  to  evaluate 
the  combination  of  conditions  re- 
quired to  produce  an  extreme. 

In  the  design  of  the  South  Sas- 
katchewan Dam,  the  spillway  capac- 
ity was  fixed  by  the  requirement  that 
it  should  be  able  to  pass  the  statistic- 
ally determined  design  flood  without 
encroaching  on  the  freeboard  allowed 
for  waves  and  setup.  However,  the 
spillway  capacity  was  also  checked 
to  see  that  it  was  adequate  to  pass 
the  maximum  probable  flood,  defined 
as  that  produced  by  the  worst  prob- 
able combination  of  meteorological 
conditions  over  the  catchment.  The 
hydrological  work  done  by  the  Prairie 
F arm  Rehabilitation  Administration 


4.2 

9.2 

851.2 

5.3 

10.3 

852.3 

4.2 

9.2 

851.2 

6.0 

11.0 

853.0 

6.7 

11.7 

853.7 

5.1 

10.1 

852.1 

6.7 

11.7 

853.7 

5.8 

10.8 

852.8 

as  part  of  the  design  of  the  South 
Saskatchewan  Dam  and  given  in  its 
paper  to  the  EIC  ‘'Hydraulic  Investi- 
gations for  the  South  Saskatchewan 
River  Project”,  has  made  it  possible 
to  make  an  approximate  check  that 
the  maximum  probable  flood  could 
be  passed  without  damage  at  Grand 
Rapids.  This  approximate  check  was 
made  by  assuming  that  the  three 
following  events  occurred  nearly 
simultaneously: 

(a)  The  maximum  probable  outflow 
from  the  South  Saskatchewan 
Dam; 

(b)  The  maximum  probable  flood  in 
the  North  Saskatchewan  River; 

(c)  The  highest  recorded  level  of  base 
flow  due  to  snowmelt  in  the  upper 
reaches  of  the  North  Saskatchewan 
River. 

The  maximum  probable  outflow 
from  the  South  Saskatchewan  Dam 
was  for  this  purpose  taken  as  that 
given  in  the  EIC  paper  referred  to 
above,  and  the  maximum  probable 
flood  in  the  North  Saskatchewan 
River  deduced  by  adjusting  the  reser- 
voir inflows  given  in  that  paper  for 
the  difference  in  drainage  area.  The 
high  base  flow  in  the  North  Sas- 
katchewan River  was  taken  to  be 
50,000  c.f.s. 

The  resultant  flood  hydrograph 
shown  in  Fig.  12,  when  routed 
through  the  Grand  Rapids  reservoir, 
assuming  the  prescribed  method  of 
operation  and  the  recommended  spill- 
way capacity  of  140,000  c.f.s.,  re- 
sulted in  a maximum  flood  level  of 
848.1.  This  level,  which  is  nearly  4 ft. 
below  the  minimum  dike  elevation  ex- 
pected after  settlement,  indicated  that 
the  spillway  and  freeboard  provisions 
at  Grand  Rapids  are  adequate  for 
this  extreme  condition.  |î^ 
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RESEARCH 

AND 

DEVELOPMENT  OBJEGIVES 


A.  B.  Hunt, 

Vice-President— Research  and  Development, 
Northern  Electric  Company,  Limited 


HE  RAPID  EXPANSION  of  tech- 
nology during  recent  years  has 
placed  increasing  emphasis  on  the 
necessity  for  greater  acti'dty  by  in- 
dustry in  the  field  of  research  and 
development  to  support  its  continued 
growth  in  the  face  of  ever-increasing 
competition.  Today,  more  and  more 
businesses  are  spending  more  and 
more  money  to  increase  their  compe- 
tence in  this  field,  for  their  own  sur- 
vival, not  merely  for  the  sake  of  doing 


research  for  government  or  others. 
Expenditures  alone,  however,  do  not 
guarantee  profitability.  Success  in  the 
scienitfic  fields  cannot  be  assured,  but 
a high  degree  of  effectiveness  can  be 
expected  with  competent  staff  and 
administration  capable  of  establishing 
and  maintaining  objectives  within 
fields  of  interest  to  the  Company  con- 
cerned. It  is  planned  to  review  this 
function  of  research  management  to 
show  that  the  changing  times  have 


placed  new  responsibilities  on  cor- 
porate management  to  ensure  the  suc- 
cess and  profitability  of  research  and 
development  programmes. 

Historical  Growth  of  Industrial  Research 

Sevent\’-five  years  ago  when  the 
Engineering  Institute  of  Canada  was 
born,  researeh,  and  e\'en  product  de- 
N’clopment,  was  the  result  of  individ- 
ual effort  seeking  new  knowledge. 
Alexander  Graham  Bell,  with  meager 
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laboratory  facilities  and  a few  pieces 
of  iron,  some  wire,  and  other  miscel- 
laneous parts,  discovered  the  funda- 
mental facts  of  voice  communication 
over  wire  lines,  and  also  developed 
the  first  telephone  instrument  which 
transmitted  the  historic  words — “Mr. 
Watson,  come  here  I want  you”. 
Other  successful  inventions,  such  as 
telegraph,  wireless,  electric  incandes- 
cent lamps,  the  generation  and  dis- 
tribution of  electric  energy,  sprung 
from  the  discoveries  of  such  men  as 
Morse,  Marconi,  and  Edison.  Through 
the  individual  effort  of  these  scien- 
tists, their  inventions  were  reduced 
to  something  approaching  commer- 
cial practice  by  imagination  and  dog- 
ged determination.  Industry  had  little 
more  to  do  than  make  the  most  of 
these  discoveries  and  inventions.  The 
next  obvious  step  was  for  industry  to 
make  these  discoveries  itself.  This 
led  to  organized  industrial  research 
and  development.  The  pattern  began 
to  take  shape  on  this  continent  when 
the  Engineering  Institute  of  Canada 
was  blossoming  into  its  early  teens 
at  the  turn  of  the  century.  The  two 
leading  organizations  in  this  field  were 
the  General  Electric  under  Dr.  Whit- 
ney, and  the  Bell  System  under  Dr. 
Jewett.  From  this  beginning,  indus- 
trial research  grew  at  a relatively  slow 
but  consistent  rate  until  the  last  world 
war.  Since  that  time,  it  has  pyramided 
and  has  now  reached  the  proportions 
of  a scientific  revolution.  Total  scien- 
tific expenditures  in  the  United  States 
increased  fivefold^  in  the  last  decade. 
It  is  estimated  that  their  industrial 
research  for  the  current  year  will  be 
about  $12  billion  out  of  a total  in 
excess  of  $15  billion. 

Although  industrial  research  in 
Canada  got  off  to  a very  slow  start, 
and  the  level  relative  to  our  G.N.P. 
is  below  that  of  other  leading  indus- 
trial countries,  it  is  encouraging  to 
note  that  the  Canadian  rate  of  growth 
has  improved  considerably  during  the 
last  few  years.  Dr.  E.  W.  R.  Steacie, 
President  of  the  National  Research 
Council,  in  a recent  address  at  the 
opening  of  a laboratory  addition  of 
Imperial  Oil  in  Sarnia,  reported  that 
during  the  period  1956-58  research 
and  development  performed  by  in- 
dustry, including  both  government 
and  company-financed,  e.xpanded  at 
a rate  of  10%  per  year,  which  is  com- 
parable to  the  growth  rates  in  the 
United  States.  That  portion  financed 
by  industry  had  an  annual  growth 
rate  of  20%  compared  with  the  U.S. 
rate  of  5 to  6%.  There  was  a reduction 
of  expenditures  by  both  government 
and  industry  during  1959  due  to  cut- 
back of  the  Armed  Services’  require- 
ments. Following  this  abnormal  de- 
crease, it  is  estimated  that  the  trend 


is  continuing  upwards  although  actual 
statistics  are  not  yet  available. 

Control  and  Direction  of  R and  D 

This  evolution  of  industrial  research 
and  development  from  the  efforts  of 
individuals  to  corporations  on  a mod- 
est scale,  and  now  expanding  into 
big  business  itself  within  the  cor- 
porations, points  to  the  need  for  or- 
ganized control  and  direction  of  these 
activities  by  senior  management.  Let 
us  look  at  the  current  situation  to  de- 
termine why  senior  management  is 
concerned  about  the  direction  and 
administration  of  this  research  and 
development  activity.  Statistics^  show 
that  in  1958  the  United  States  manu- 
facturing companies  performing  re- 
search and  development,  spent  an 
average  of  3.8%  of  their  net  sales  on 
research  and  development.  In  the  air- 
craft industry  it  totalled  17.7%,  and 
for  electrical  equipment  and  commun- 
ications 10.5%.  Senior  management 
would  not  allow  advertising,  customer 
engineering,  or  any  other  individual 
expense  to  reaeh  these  proportions 
without  being  seriously  concerned 
about  how  and  why  the  money  is 
spent.  The  same  must  apply  to  re- 
search and  development. 

In  our  free  enterprise  system  in- 
dustrial corporations  only  exist  be- 
cause someone  has  put  up  money  for 
them,  management  gives  direction  to 
them,  and  employees  devote  their 
skills  and  capabilities  to  them.  Any 
job,  whether  engineering,  production, 
or  research,  only  lasts  as  long  as  the 
product  it  helps  to  turn  out  is  an 
attractive  buy  and  can  be  sold  at  a 
profit.  No  profit,  no  job.  No  apology 
is  neeessary  for  including  research 
along  with  the  other  manufacturing 
functions.  It  is  not  expected  that  re- 
search will  produce  an  immediate  re- 
turn, but  in  the  long  run  it  must  be 
p)rofitable  to  the  enterprise.  Research, 
to  be  profitable,  must  be  objective 
within  the  fields  of  interest  to  the 
company. 

Statistics-^  for  the  year  1959  show 
that  76%  of  all  research  and  develop- 
ment in  the  United  States  was  per- 
formed by  industry,  although  largely 
financed  by  government.  In  Britain, 
it  amounted  to  58%,  and  in  Canada 
36%.  The  average  for  the  three  coun- 
tries amounted  to  73%.  In  dollars  it 
was  10.3  billion  expended  by  industry 
out  of  total  expenditures  of  $14  bil- 
lion. It  is  conservatively  estimated 
that  for  the  current  year  e.xpenditures 
will  be  at  least  25%  higher,  with  little 
change  in  the  distribution  of  effort 
between  industry  and  other.  Industry 
is  therefore  responsible  for  the  major 
effort  in  research  and  development, 
which  must,  in  the  long  run,  be  profit- 
able. 


We  hear  a great  deal  about  “blue 
sky”  research.  Give  a scientist  enough 
freedom  and  he  will  come  up  with  i 
something  novel  and  different.  This  > 
is  predominantly  the  philosophy  of 
government  and  institutional  research. 

It  is  probably  the  correct  attitude  as 
this  effort  is  usually  financed  by  pub- 
lie  funds  and  the  benefits  may  accrue  i 
to  every  man,  woman  and  child  in  the  j 
country.  It  is  not  for  the  financial  j 
return  to  a limited  number  of  share-  | 
holders.  As  pointed  out  earlier,  how-  ij 
ever,  this  only  represents  about  one- 
quarter  of  the  total  effort  in  the  re- 
search and  development  field.  The  | 

research  work  carried  out  by  industry  j 

in  an  ever-expanding  field  so  essential 
to  the  economic  growth  of  our 
country,  must  be  directed  and  con- 
trolled. In  the  communication  indus- 
try a novel  idea  for  a new  detergent 
can  hardly  return  a profit  to  its  share- 
holders. It  should  not  be  inferred, 
however,  that  scientists  in  the  com-  j 

munication  industry  lack  freedom.  i 

Scientific  work  in  this  industry  covers  ; 

literally  dozens  of  disciplines  rang- 
ing from  satellite  communications  to 
underground  cables.  The  scope  is 
practically  unlimited,  but  if  a scient- 
ist is  interested  in  soap,  he  should 
do  his  washing  in  another  industry; 
someone  else  can  make  more  profit- 
able use  of  his  talents. 

Research  and  development  must  be 
challenging  to  the  engineers  and 
scientists  concerned.  What  satisfac- 
tion then  could  anyone  engaged  in 
this  work  obtain  from  “blue  sky”  re- 
search in  a field  foreign  to  the  com- 
pany’s interests?  He  can  be  sure 
before  he  starts  that  it  will  not  be 
aggressively  promoted  by  the  rest  of 
the  organization  even  if  his  hard  work 
does  produce  something  novel  and 
different. 

Freedom  Within  Authorized  Limits 

In  spite  of  the  fact  that  industrial 
research  and  development  needs  to  be 
planned  and  directed,  it  must  have 
technical  and  financial  freedom  with- 
in authorized  limits  well  defined  by 
company  policy.  Unplanned  research 
and  development  usually  evolves  as  a 
result  of  crash  requirements  to  meet 
immediate  or  short-term  completion, 
or  engineers  are  directed  to  this  work 
when  production  programmes  lag.  If 
the  lag  is  long  the  work  is  stopped 
for  financial  reasons.  Under  these 
circumstances,  the  work  is  usually 
under  the  direction  of  the  engineering 
or  manufaeturing  organization  and 
thus  dominated  by  day-to-day  re- 
quirements. 

To  obtain  freedom,  the  direction  of 
research  and  development  must  be 
recognized  as  a senior  manufacturing 
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tuiic'tion  and,  preferably,  physically 
separated  from  the  other  manufactur- 
i ing  activities.  It  must  have  a long- 
term plan  with  assurance  of  continu- 
ing financial  support,  as  its  effective- 
ness can  only  be  judged  over  a 
' reasonable  period  of  time,  and  the 
■ , effort  cannot  be  turned  off  and  on 
like  a tap  as  company  profits  rise  and 
|!  fall.  It  must  support  the  other  man- 
agerial functions  of  the  enterprise  but 
cannot  be  dominated  by  any  one  of 
; them. 

Scientific  Managers 

To  administer  this  freedom  within 
the  over-all  company  objective,  it 
requires  a new  type  of  scientific 
I manager.  A scientist  in  charge  of 

; research  does  not  make  him  a research 
manager.  Many  scientists  should  re- 
main as  scientists  and  most  research 
j organizations  recognize  this  fact  to- 
day. Equal  opportunities  for  advance- 
j ment  are  offered  for  both  managers 
; and  those  trained  in  technical  skills. 

; The  research  manager  must  be  skilled 
j in  both.  The  effective  research  man- 
! ager  is  fully  aware  of  over-all  com- 
1 pany  objectives  and  is  keenly  inter- 
I ested  in  the  company’s  profit  position. 

' He  works  in  unison  with  other  top 
management  executives  and  is  well 
informed  of  their  problems  and  objec- 
I tives.  He  is  also  able  to  convey  to 
! the  rest  of  the  management  team  the 
I objectives  of  research,  what  research 
j projects  are  being  carried  out  and 
' why.  The  successful  research  manager 
! has  also  developed  a new  and  almost 
I unheard-of  appreciation  of  schedules 
; and  timing.  In  the  development  stage 
! the  project  must  be  programmed  to 
tie  in  with  engineering,  production 
I schedules,  sales  promotion,  and  mar- 
I keting.  If  it  is  going  to  be  too  late, 
the  research  manager  is  quite  aware 
of  the  fact  that  it  will  be  labelled 
as  unsuccessful  and  therefore  work 
should  be  stopped  at  an  early  stage. 

Setting  Objectives 

Having  established  the  necessity  for 
broad  company  objectives  of  research 
and  development,  the  climate  for  the 
maintenance  of  a creative  organiza- 
tion, and  the  administrative  functions 
to  meet  these  objectives,  it  is  now 
appropriate  to  consider  how  indi- 
vidual project  objectives  can  be  estab- 
lished and  maintained  within  the 
framework  of  the  over-all  company 
policy.  This  function  is  most  effec- 
tively carried  out  by  a Project  De- 
velopment Planning  group,  which 
bridges  the  gap  between  research, 
on  the  one  hand,  and  product  develop- 
ment on  the  other.  It  must  also  co- 
ordinate the  requirements  of  manu- 
facturing and  marketing.  To  be 


specific,  any  new  product  concept 
promoted  by  research,  development, 
engineering,  manufacturing,  or  sales, 
must  be  thoroughly  analyzed  by  the 
Planning  group  to  determine  if  it 
will  meet  customer  requirements  as 
to  value,  reliability,  maintenance  and 
compatibility  with  existing  equipment, 
to  mention  a few.  It  must  also  de- 
termine if  manufacturing  can  produce 
it  at  a cost  that  will  return  a satisfac- 
tory profit,  and  probably  most  im- 
portant, is  it  novel  and  ahead  of 
competition? 

This  analytical  work  by  the  Plan- 
ning organization  is  carried  out  before 
active  product  development  work  is 
authorized,  and  the  feedback  from 
these  studies  may  radically  change  the 
concept  of  product  parameters  and 
objectives.  This  feedback  is  extreme- 
ly healthy  and  prevents  many  de- 
velopment projects  from  getting  off  to 
a wrong  start  and  unnecessary  changes 
during  actual  development  and  field 
trials.  If  forecast  costs  are  too  high, 
it  presents  an  immediate  challenge  to 
the  designers  and  usually  something 
can  be  done  about  this  in  the  early 
stages.  If  it  lacks  novelty  or  product 
improvement,  applied  research,  or 
even  basic  research,  must  be  called 
in  to  provide  greater  innovation. 
These  are  just  a few  of  the  many 
factors  which  must  be  co-ordinated 
and  appraised  by  the  Planning 
organization . 

To  obtain  these  objectives  the 
Planning  organization  must  obtain  the 
co-operation  and  support  of  all  other 
management  functions  concerned.  It 
is  the  key  to  the  establishment  of  an 
effective  program.  The  Chief  Engi- 
neer, the  Production  Executive,  and 
the  Marketing  Executive,  must  know 
what  is  going  on  in  the  ivory  research 
tower.  Research  management  must 
know  what  the  other  segments  of  the 
Company  require  and  keep  them  in- 
formed of  progress  when  ideas  start 
to  reach  the  applied  and  practical 
development  stage.  The  time  interval 
has  shortened,  the  research  scientist 
can  no  longer  dream  up  ideas  and 
then  provide  them  to  product  de- 
velopment, production,  and  marketing, 
when  the  customer  clamours  for  some- 
thing new  and  different.  We  must  be 
ahead  of  competition,  therefore  pro- 
duction must  prepare  for  manufacture 
as  soon  as  the  idea  has  been  proven 
practical,  and  marketing  must  lay 
its  plans  long  before  new  products 
appear  on  the  shelf.  It  is  a co-opera- 
tive team  effort.  Whether  the  focal 
point  of  co-ordination  is  with  market- 
ing or  product  development,  it  is 
immaterial  and  there  are  manageinent 
advocates  for  both.  The  important 
thing  is  that  co-ordination  and  con- 
trol must  be  at  the  senior  manage- 


ment level  and  adequate  communica- 
tions must  be  maintained  between  all 
management  groups. 

This  does  not  mean  that  all  parts 
of  the  organization  run  research  and 
development,  nor  is  it  a committee 
function.  New  technology  must  be 
provided  through  fundamental  re- 
search and  more  will  be  said  about 
this  later.  Before  active  product  de- 
velopment is  authorized,  research  and 
development  must  know  that  market- 
ing is  interested  in  the  ultimate  prod- 
uct and  that  manufacturing  can  pro- 
duce it  by  current  or  easily  acquired 
skills.  Preferably,  a complete  study 
should  be  carried  out  to  determine 
manufacturing  cost  and  marketing 
potential. 

It  is  recognized  that  only  a small 
percentage  of  development  projects 
achieve  outstanding  success.  Planning 
in  itself  does  not  assure  success,  but 
it  materially  enhances  the  possibility 
of  providing  a new  product  which 
will  meet  the  customer  requirements 
and  will  be  profitable  to  the  Company 
concerned.  Exploratory  research,  eco- 
nomic studies,  and  market  analysis, 
which  are  the  primary  functions  of 
Planning,  represent  only  a small  pro- 
portion of  the  total  cost  of  any  project. 
Costs  mount  rapidly  as  actual  develop- 
ment progresses.  They  reach  a peak 
when  the  pilot  plant  and  new  produc- 
tion facilities  must  be  provided.  Fail- 
ure at  this  latter  stage  therefore  be- 
comes very  costly.  To  reduce  the 
possibility  of  failure,  objectives,  both 
economical  and  operational,  must  be 
established  well  in  advance.  The 
objectives  set  for  actual  product  de- 
velopment must  be  within  the  techni- 
cal limitations  of  the  art,  but,  at  the 
same  time,  high  enough  to  be  chal- 
lenging and  ahead  of  current  competi- 
tion. They  must  also  be  subject  to 
periodic  review  and  adjustment  during 
the  development  stage,  as  technology 
is  moving  at  a rapid  pace. 

F undamental  Research 

Fundamental  and  applied  research 
are  the  main  sources  of  innovation.  A 
new  product  without  improvement  or 
novelty  over  existing  competition  has 
little  chance  of  success.  The  scientist’s 
contribution  to  the  Planning  team  is, 
therefore,  his  awareness  of  new  tech- 
nology and  his  ability  to  visualize  its 
applications  for  new  products.  He 
must  also  provide  proof  of  feasibility 
by  exploratory  research,  to  enable 
the  planners  to  set  reasonable  targets, 
but,  at  the  same  time,  sufficientR- 
ad\anced  to  be  challenging  to  the 
product  designer.  Setting  these  tech- 
nical objecti\es  is  not  a one-wa>- 
street,  as  the  product  de\elopers  and 
marketing  managers  are  continualh 
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demanding  something  new  and  better 
from  the  basic  researchers.  To  be 
specific,  the  developer  may  see  a need 
for  transistors  with  improved  noise 
characteristics.  This  sparks  funda- 
mental or  applied  research  to  deter- 
mine more  about  the  cause  of  noise  in 
semiconductors.  If  the  demand  is 
urgent,  results  are  usually  forthcom- 
ing. In  the  communication  industry 
this  co-ordinated  approach  for  new 
objectives  is  constantly  raising  the 
standards  for  such  items  as  reliability, 
signal  to  noise  ratios,  increased  power 
output  and  faster  operating  times 
for  transistors,  improved  memory 
storages,  and  many  other  fundamen- 
tal characteristics  of  communication 
equipment. 

Research  Management  in  Canada 

The  broad  objectives  of  increased 
profit  and  close  co-ordination  with 
other  management  interests  do  not 
differ  in  Canada  from  those  in  the 
United  States,  but  .specific  project 
objectives  present  a very  different 
challenge  to  Canadian  research  man- 
agement. It  is  estimated  that  United 
States  is  presently  spending  over  $15 
billion  on  research  and  development, 
nearly  half  of  our  total  G.N.P.  Can- 
ada’s expenditures  are  about  $.350 
million,  so  we  have  two  entirely  dif- 
ferent economies.  We  must  also  con- 
sider our  different  climatic  conditions, 
our  scattered  population  and,  in  many 
cases,  the  small  volume  manufacture. 

The  Canadian  consumer  is  forced, 
in  many  instances,  to  accept  products 
of  American  design,  even  though  they 
are  manufactured  in  Canada,  whether 
or  not  they  suit  the  specific  conditions 
or  economic  environment  here  in 
Canada.  As  for  example,  the  automo- 
tive industry  does  little  to  xarovide 
corrosive-resistant  material  to  stop 
rust  pinholes  in  our  fenders  after  the 
first  winter  season.  Only  a small  pro- 
portion of  the  population  in  the  United 
States  is  concerned  and  therefore  the 
matter  gets  meager  attention;  nor 
does  the  automobile  manufacturer 
give  adequate  consideration  to  de- 
frosting facilities.  Should  a booster 
battery  at  a cost  of  a few  dollars  be 
standard  ecjuipment  for  all  Canadian 
cars  instead  of  the  luxury  of  an 
automatic  gearshift  which  is  actually 
a liability  on  our  ice  and  snow-covered 
streets?  Statistics'^  show  that  170,520 
automobiles  were  imported  into  Can- 
ada during  1960,  which  is  35.6%  of 
the  total  domestic  consumption, 
whereas  United  States®  only  imported 
6.7%.  Detailed  breakdown  of  the 
statistics  is  not  available  but  there  is 
no  doubt  from  what  we  see  on  the 
streets  that  most  of  the  Canadian  im- 
ports are  small  economy  cars  without 


frills  and  gadgets.  This  is  what  our 
Canadian  customers  want  and  it  would 
appear  that  the  Canadian  automobile 
manufacturer  has  ignored  our  eco- 
nomic conditions  and  requirements. 
Have  the  Canadian  TV  designers  con- 
sidered the  manufacture  of  a single- 
channel inexpensive  set  for  frontier 
location  where  one  broadcast  station 
will  be  the  ultimate  in  luxury?  Certain 
types  of  industries  predominant  in  our 
Canadian  economy,  such  as  deep  min- 
ing and  paper  making  require  special 
electrical  equipment.  Are  the  Cana- 
dian designers  providing  these  require- 
ments, or  does  the  customer  have  to 
accept  a standard  American  design 
produced  for  the  mass  market  in  the 
United  States? 

The  research  and  development 
organization  of  the  Northern  Electric 
Company  has  obtained  extremely  re- 
warding results  by  designing  equip- 
ment to  meet  the  specific  requirements 
of  our  small  and  scattered  communi- 
ties and  supplying  communication 
services  to  the  barren  frontier  areas 
in  the  north.  We  have  provided 
modern  automatic  communication 
switching  offices  for  communities  as 
small  as  400  subscriber  lines,  and 
work  is  continuing  to  provide  even 
smaller  offices  for  communities  with 
as  few  as  60  lines.  The  smallest  cen- 
tral office  designs  available  from  the 
Bell  Laboratories  in  the  United  States, 
incorporating  the  most  modem  fea- 
tures, were  economical  only  down  to 
about  1000  lines  until  Northern’s 
development  became  available,  and 
they  show  no  interest  in  our  smaller 
offices  under  400  lines.  Currently  we 
are  about  a year  ahead  of  the  Ame- 
rican system  in  the  United  States.  Our 
first  installation  went  into  service 
early  this  year.  We  have  provided 
special  microwave  radio  systems  for 
communication  in  the  far  north  where 
stations  can  be  separated  as  much  as 
250  miles,  where  access  over  rugged 
terrain  is  extremely  costly,  and  would 
be  economically  prohibitive  if  we  used 
the  standard  U.S.  communication 
systems  which  are  normally  line  of 
sight  and  spaced  about  20  miles  apart. 

Many  more  examples  could  be 
provided  to  show  how  Canadian  re- 
search and  development  has  supplied 
equipment  to  meet  the  specific  re- 
quirements of  Canadian  conditions 
and  economy,  but  these  two  serve 
to  illustrate  that  there  is  a real  chal- 
lenge for  industry  to  be  independent. 
It  not  only  returns  a worthwhile  profit 
to  the  company  concerned,  but  also 
supplies  the  Canadian  consumer  with 
the  type  of  product  he  needs.  The 
specialized  equipment  also  opens  up 
increased  possibilities  of  exports,  as 
there  are  many  of  the  smaller  develop- 
ing countries  who  require  similar 


types  of  equipment,  which  are  not 
satisfied  by  the  large  American 
producers. 

Conclusion 

In  conclusion,  Canada  is  facing  a 
real  challenge  to  maintain  its  position 
as  an  industrial  nation  in  the  face  of 
ever-growing  competition  from  foreign 
sources.  This  challenge  can  only  be 
met  by  the  development  of  increased 
technical  competence  by  industry.  In 
view  of  our  limited  economy,  we  can- 
not compete  in  all  fields  with  the 
major  nations,  but  a well-planned 
research  and  development  program 
directed  toward  the  requirements  of 
our  Canadian  economy,  will  enable 
us  to  build  up  our  internal  trade  by 
supplying  Canadians  with  the  type 
of  goods  and  services  they  require. 
These  specialized  products  should 
open  up  foreign  markets  which  have 
been  neglected  by  the  major  produc- 
ing nations.  We  can  no  longer  be 
copiers  but  must  provide  products 
which  are  distinctive  to  Canada  and 
our  type  of  economy. 

The  Northern  Electric  is  obliged 
to  provide  equipment  which  is  com- 
patible and  capable  of  working  with 
70  million  telephones  in  the  United 
States,  but  experience  has  shown  that 
it  does  not  need  to  be  identical.  The 
results  of  our  research  and  develop- 
ment organization  during  the  past 
few  years  have  been  most  encourag- 
ing. To  be  successful,  new  product 
development  in  itself  is  not  sufficient; 
a large  amount  of  basic  research  is 
beyond  the  financial  capabilities  of 
our  economy  but  applied  research  is 
essential.  The  hard  cold  facts  of 
profitable  product  innovation  depend 
on  the  rapid  application  of  new  arts. 
This  is  applied  research,  and  with 
well  defined  objectives  the  challenge 
to  our  Canadian  scientists  is  direct 
and  the  results  will  be  extremely 
rewarding. 
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BEECHWOOD  GENERATING  STATION  - 


Installation 
of  the 
Third 
Unit 


G.  E.  Gunter, 

The  New  Brunswick 
Electric  Power  Commission 


The  Beechwood  Generating  Station 
of  The  New  Brunswick  Electric 
Power  Commission  is  located  on  the 
Saint  John  River  about  65  miles  north- 
west of  Fredericton.  The  station  is  of 
the  integral  powerhouse  type;  the 
total  length  of  the  concrete  gravity 
dam  and  powerhouse  being  1000'  ft. 
There  are  nine  spillway  sections  and 
two  control  sections  in  the  dam  with 
a combined  design  flood  capacity  of 
412,000  c.f.s.  Figs.  1 and  2 show  the 
general  arrangement  of  the  station. 

Headpond  elevations  at  the  dam 
vary  from  233  ft.  to  242  ft.  and  tail- 
race  elevations  range  from  180  ft.  to 
206  ft.  Water  flows  at  the  station 
vary  from  1000  c.f.s.  up  to  a maxi- 
mum recorded  flow  of  238,000  c.f.s. 
Fig.  3 “Annual  Flow  Duration  Curve” 
and  Fig.  4 “Beechwood  Head  Curve” 
further  serve  to  illustrate  the  extreme- 
ly wide  range  of  operating  conditions 
at  the  station.  Beechwood  is  then  a 
“run  of  the  river  plant”  in  the  truest 
sense  of  the  word. 

The  generating  plant  at  the  station 
was  originally  intended  to  consist  of 
three  Kaplan  turbines  rated  at  45,000 
h.p.  at  57  ft.  head.  These  units  drive 
40,000  kva.  umbrella  type  generators. 
Unit  No.  1 was  commissioned  in 
December,  1957,  with  Unit  No.  2 
following  in  March,  1958.  The  tur- 
bines were,  at  that  time,  the  largest 
Kaplan  turbines  in  Canada.  It  was 
planned  to  install  the  third  unit  when 
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Fig.  3. 

system  conditions  warranted  such  an 
addition  in  hydro  capacity. 


FLOW  CHART  FOR 

3-KAPLANS 


SYSTEM  CONDITIONS 
Tlie  New  Brunswick  Electric  Power 
Commission  system  is  composed  of 
approximately  equal  amounts  of 
hydro  and  thermal  generating  capac- 
ity. During  the  high  flow  periods 
that  exist  in  the  spring  and  fall  the 
hydro  stations  are  base-loaded  and 
the  peaks  are  taken  with  thermal 
units.  In  summer  and  winter,  how- 
ever, when  river  flows  are  low,  the 
situation  is  reversed;  the  most  effi- 
cient thermal  units  are  base-loaded 
and  the  hydro  units  perform  the 
peaking  duties.  It  can  be  seen  there- 
fore, that  our  hydro  units  are  not  only 
required  to  run  over  a wide  range  of 
heads  and  flows  but  also  they  must 
function  in  both  base  load  and  peak- 
ing capacities.  This  type  of  operation 
together  with  the  rather  low  heads 
naturally  suggests  the  use  of  Kaplan 
turbines.  A closer  look,  however, 
shows  that  the  average  summer  and 
winter  flows  are  below  the  capacity 
of  the  first  two  Kaplans.  This  leaves 
the  third  unit  to  operate  only  in  the 
spring  and  fall,  and  indicates  the  pos- 
sible use  of  a fixed  propeller  turbine. 
A study  conducted  in  1958  which 
.showed  that  the  installation  of  the 
third  unit  could  be  justified  as  early 
as  1961  instigated  a closer  look  at 
this  matter  of  turbine  type. 

ECONOMIC  STUDY 
Preliminary  examinations  were  in- 
conclusive as  the  differences  in  gener- 
ation that  could  be  predieted  for  the 
two  types  were  of  a much  smaller 
order  than  the  suspected  errors  in  the 
assumptions  that  were  made.  It  be- 
came apparent  that  the  accuracy  of 
the  studies  would  have  to  be  ±1% 
and  that  the  only  way  to  obtain  this 
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accuracy  would  be  to  actually  dupli- 
cate the  operation  of  the  plant  for  the 
flow  and  head  conditions  existing 
throughout  the  year.  A scheme  was 
» de\’ised  where  the  annual  flow  dura- 
r tion  curve  \\as  divided  into  equal 
, I parts;  each  of  which  representing  the 
I flow  existing  for  1%  of  the  year.  The 
corresponding  head  was  taken  for  each 
flow  increment.  The  generation  from 
each  head-flow  condition  would  be 
I calculated  for  the  station  using  vari- 
; ous  types  and  sizes  of  turbines  for 

' ^ the  third  unit.  The  units  would  be 

' loaded  in  the  most  economical  man- 
ner. This  last  condition  was  the  most 
' difficult  to  satisfy  since  while  it  is 
I relatively  easy  to  predict  the  most 
' economical  loading  sequence  for  iden- 
tical units  it  seemed  the  only  way  this 
could  be  done  with  different  units 
was  through  a time  consuming  “cut 

and  try”  procedure.  Fortunately  the 

University  of  New  Brunswick  had 
! just  purchased  a digital  computer. 
I This  fairly  small  general  purpose  com- 
I puter  is  ideally  suited  to  engineering 
j problems  of  this  type.  It  was  there- 
fore decided  to  write  a program  for 
j the  turbine  study. 

I Performance  curves  of  several  Kap- 
1 Ian  and  fixed  blade  propeller  turbines 
I ranging  from  45,000  to  50,000  hp. 
were  obtained  and  translated  into  the 
mathematical  language  of  the  com- 
puter in  the  following  manner. 

An  equation  was  written  for  each 
of  several  curves  of  kw.  output  vs. 
flow  for  various  heads.  For  Kaplan 
turbines  these  were  parabolic  equa- 
tions and  for  fixed  blade  propeller 
turbines  they  were  two  straight  lines. 

An  example  for  a Kaplan  is  as 
follows: 

H = 60  ft.;  KW  = aQ^  + hQ  + C 
H = 55  ft.;  KW  = -k  C 

H = 50  ft.;  KW  = a,Q%,Q  + C 

Where: 

KW  = Kilowatt  output 
Ç = Flow  to  the  turbine 
H = Head 
a,  b,  c = coefficients 

The  coefficients  were  then  ex- 
pressed as  a function  of  head  by 
similar  parabolic  equations. 

a = xH^  -f  tjH  + :: 
b = pH^  + qH  -j-  r 
c = IW  + mH  -k  n 

Where: 

X,  y,  z,  etc.  are  coefficients. 

Similarly,  the  maximum  output 
from  the  turbine  was  expressed  in 
terms  of  the  flow  as  a function  of 
head. 

Qmao!  — -k  ///  + g 

Where: 

e,  f,  g,  are  coefficients. 


A similar  equation  was  found  for 
the  intersection  of  the  two  straight 
lines  describing  the  performance  of 
the  fixed  blade  propeller  turbines. 

The  above  equations  were  all  pre- 
pared manually.  Curve  fitting  pro- 
grams which  have  since  been  obtained 
for  the  computer  would  have  greatly 
simplified  and  improved  the  accuracy 
of  this  portion  of  the  work. 

Three  programs  were  written  for 
the  study.  The  first  was  for  a scheme 
using  a third  Kaplan  turbine  identical 
to  units  one  and  two.  In  this  program 
it  was  assumed  that  whenever  more 
than  one  unit  was  operating,  each 
unit  would  carry  the  same  load.  This 
assumption  is  valid  for  the  specified 
accuracy. 

The  second  program  was  for 
schemes  with  the  third  unit  a fixed 
blade  propeller  turbine.  The  third 
program  which  was  actually  only  a 
variation  of  the  second  was  used  for 


schemes  with  the  third  unit  a Kaplan 
turbine  not  identical  to  the  existing 
units.  Figs.  5,  6 and  7 are  flow 
diagrams  for  the  three  programs. 

The  following  is  a description  of 
a typical  run  for  a scheme  using  a 
large  Kaplan  turbine.  The  perform- 
ance data  for  the  turbines  and  the 
flows  and  heads  are  read  into  the 
computer.  The  computer  prints  the 
first  river  flow,  Qt  its  corresponding 
head,  H,  and  the  time.  (Time  is 
used  only  as  an  indication  of  the 
progress  of  the  run.)  The  maximum 
flows  for  the  units  are  calculated  at 
Head  H.  If  these  are  less  than  the 
total  flow  Qt,  the  spill  is  printed, 
generation  for  each  unit  is  calculated, 
and  printed  and  the  total  generation 
is  calculated  and  printed.  If  there  is 
no  spill  Qt  is  compared  with  the 
maximum  flow  through  the  existing 
units.  If  Qt  is  greater  than  this,  then 
the  flow  through  the  third  unit  is  set 
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as  the  difference  between  Qt  and  the 
maximum  flow  through  the  existing 
units.  If  Qt  is  less  than  the  maximum 
flow  through  the  existing  imits  then 
the  flow  to  the  third  unit  is  set  at  0. 
In  either  case,  the  generation  from  the 
third  unit  is  calculated  and  stored. 

When  the  flow  to  the  third  unit  has 
been  established,  a sub  check  is  made 
on  the  operation  of  the  existing  units. 
If  the  flow  to  them  is  less  than  the 
maximum  flow  for  one  unit  the  gen- 
eration is  calculated  for  both  one  and 
two  unit  operation.  The  larger  figure 
is  stored  as  the  generation  from  these 
units.  The  total  plant  generation  is 
then  calculated  and  stored. 

The  flow  to  the  third  unit  is  then 
increased  by  250  c.f.s.,  the  flow  to  the 
existing  units  reduced  by  the  same 
amount  and  the  plant  generation  re- 
calculated. If  this  value  is  greater 
than  the  previous  value,  the  new 
value  is  stored  in  its  place.  The  flow 
to  the  third  unit  is  again  increased  by 
250  c.f.s.  and  the  calculation  re- 
peated. If  this  generation  is  less  than 
the  previous  value,  the  previous 
figure  is  printed  as  the  generation 
at  that  time  and  the  next  increment 
of  river  flow  is  considered  in  the 
same  manner.  Checks  are  made  each 
run  to  see  that  no  negative  values  of 
generation  are  stored  or  printed  and 
to  insure  that  no  unit  is  loaded  above 
its  maximum  load. 

When  each  of  the  100  increments 
of  flow  have  been  considered,  the 
generation  from  each  increment  is 
totaled,  the  sum  printed  and  the 
program  stops. 

Generator  and  transformer  efficien- 
cies were  taken  as  97%  and  99%  re- 
spectively for  all  units  and  all  loads, 
a simplification  which  produces  a 
negligible  relative  error. 

Energy  was  evaluated  at  5 mills 
per  kwh.  and  capacity  at  $18  per  kw. 
per  year.  These  are  average  values 
for  the  N.B.E.P.C.  system.  When  the 
energy  and  capacity  evaluations  were 
compared  with  the  annual  cost  of 
owning  and  operating  the  various 
third  units,  a cost  advantage  of 
$12,000.  per  year  emerged  in  favour 
of  a large  fixed  blade  propeller  tur- 
bine over  all  other  units.  The  second 
most  economical  unit  was  a similar 
sized  Kaplan  turbine.  This  difference 
appeared  to  be  due  mainly  to  the 
higher  efficiency  of  the  fixed  blade 
propeller  turbine  at  or  near  full  gate 
and  to  a lesser  degree  to  its  lower 
initial  and  operating  costs. 

As  was  stated  previously,  the  pre- 
dicted error  in  the  study  was  ± 1%. 
When  this  was  applied  to  the  calcu- 
lated generations  of  the  two  schemes 
in  question,  the  $12,000.  figure  was 
reduced  to  a practically  negligible 
$2,000. 


The  N.B.E.P.C.  did  not  at  that 
time  operate  any  fixed  blade  pro- 
peller turbines,  however,  some  con- 
sultation with  utilities  who  do,  tended 
to  confirm  our  own  feelings,  that 
from  an  operating  standpoint,  these 
turbines  are  not  ideally  suited  to  the 
wide  range  of  flows,  heads  and  unit 
loads  that  they  would  experience  at 
the  Beechwood  Station.  This  coupled 
with  the  fact  that  the  cost  advantage 
for  the  fixed  blade  propeller  turbines 
was  rather  low  resulted  in  a decision 
being  made  to  install  a third  Kaplan 
turbine.  Accordingly,  bids  were  called 
for  a unit  identical  in  size  to  the 
existing  machines  and  alternatively  on 
the  largest  Kaplan  turbine  that  could 
be  installed  in  the  Beechwood  setting. 
The  machines  proposed  ranged  in  size 
from  220  in.  diameter  to  240  in.  dia- 
meter and  in  rating  from  49,000  hp. 
to  59,000  hp. 


The  computer  program  was  used  to 
evaluate  the  bids.  In  general,  the 
order  of  the  evaluation  was  in  the 
order  of  increasing  size;  first  choice 
was  the  59,000  hp.  turbine  and  a 
55,500  hp.,  230  in.  diameter  machine 
was  second.  Since  the  size  of  these 
units  was  somewhat  larger  than  had  j 
been  anticipated,  the  matter  of  operat-  j 
ing  such  large  machines  in  the  Beech-  i 
wood  setting  was  examined  fairly  I 
closely.  It  was  found  that  the  water  | 
velocities  that  would  exist  in  the  draft  ' 
tube  were  in  excess  of  what  was  ! 
generally  considered  to  be  a maxi-  Î 
mum  value  for  water  over  concrete 
and  hence  erosion  could  be  a problem. 

A limit  of  30  ft.  per  second  was 
imposed  on  the  average  velocity  in 
the  tube  and  this  eliminated  the 
number  one  choice  in  the  evaluation. 
The  company  which  proposed  the 
55,000  hp.  machine  stated  it  would 
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extend  its  steel  draft  tube  liner  a 
short  distance  to  a point  \\'here  the 
30  f.p.s.  limit  would  not  be  exceeded 
and  \\ere  gi\en  the  order  for  the 
turbine.  A 45,000  k\  a.  generator  was 
pnchased.  The  difference  between 
generator  and  turbine  ratings  was 
somewhat  less  than  had  been  used 
by  the  Commission  up  to  that  time. 
The  reasoning  for  this  was  that  the 
design  of  turbines  and  generators  had 
progressed  to  a point  where  the  maxi- 
mum capacities  of  these  machines 
seldom  exceed  their  ratings  and  hence 
large  margins  were  essentially  capac- 
ity paid  for  but  never  used.  The 
governor  for  the  third  turbine  is  an 
A.S.E.A.  Electrohydraulic  type  similar 
to  those  used  on  Units  1 and  2.  All 
the  various  electrical  systems  and  the 
cooling,  lubricating  and  service  sys- 
tem in  the  existing  plant  were  ex- 
tended to  include  the  third  unit.  A 
second  138  kv.  single  circuit  transmis- 
sion line  was  constructed  between 
Beechwood  and  Fredericton  and  the 
necessary  modifications  made  to  the 
switching  stations  at  either  end. 

MODEL  TESTING 

Shortly  after  the  order  was  placed 
for  the  turbine  the  manufacturer  pro- 
ceeded to  conduct  tests  using  homo- 
logeous  models  of  both  the  proposed 
runner  and  the  existing  draft  tube. 

The  results  of  the  initial  tests  were 
extremely  poor.  Even  after  some  ini- 
tial problems  were  solved,  the  effi- 
ciencies of  the  model  combination 
remained  at  a level  some  10%  lower 
than  the  guaranteed  values.  This 
problem  turns  out  to  be  one  facing 
all  prospective  purchasers  of  reaction 
turbines  for  which  an  existing  draft 
tube  was  not  specifically  designed. 
There  are  three  basic  reasons  involved 
in  this  matter  of  turbine-draft  tube 
incompatibility.  First,  if  the  turbine 
is  larger  than  that  anticipated  in  the 
draft  tube  design,  the  overall  veloci- 
ties existing  in  the  tube  will  be  higher. 
Second,  again  if  a larger  turbine  is 
used,  the  contours  at  the  neck  of  the 
tube  must  be  changed.  The  third  rea- 
son applies  whether  the  new  turbine 
is  larger  or  not  and  is  that  the  distri- 
bution of  velocities  leaving  the  runner 
will  probably  not  be  the  same  as  was 
originally  counted  on.  Aside  from  the 
fact  that  the  larger  water  quantities 
result  in  higher  friction  drops  in  the 
tube,  these  three  factors  can  have  a 
detrimental  affect  on  efficiency  if 
they  create  any  tendency  toward 
separation  of  water  flow  from  draft 
tube  wall.  The  very  low  test  efficien- 
cies achieved  tended  to  indicate  that 
this  separation  problem  was  present  in 
the  combination  of  existing  Beech- 
wood  tube  and  the  new  turbine. 


MODEL  EFFICIENCY  CURVES 
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Fig.  8. 

In  general,  this  separation  occurs 
on  the  inner  curvature  of  the  elbow 
of  the  tube,  and  in  some  cases  can  be 
carried  downstream  a short  distance. 
The  standard  method  for  eliminating 
the  separation  is  to  reduce  the  cross- 
sectional  area  of  the  tube  at  this 
location  and  hence  decrease  the  rate 
of  deceleration  of  the  water  and  in 
some  cases  to  actually  increase  the 
rate  of  flow.  Naturally,  the  existing 
draft  tube  had  this  reduction  in  area, 
however,  the  company  elected  to  ex- 
periment with  an  increased  “pinch” 
effect.  They  proposed  to  reduce  the 
cross-sectional  area  at  the  elbow  in 
two  ways.  First,  the  width  of  the  tube 
was  reduced  by  fillets  on  either  side. 
Secondly,  a fillet  was  applied  to 
“roof”.  The  results  of  the  first  tests 
with  the  modified  draft  tube  were 
gratifying.  Successive  tests  using 
variations  of  the  original  modification 
resulted  in  raising  the  efficiency  to 
a level  well  above  the  guarantee. 
Figure  8 shows  the  change  in  effi- 
ciency resulting  from  the  modification. 
In  addition  to  the  increase  in  efficien- 
cies, the  maximum  power  and  the 
cavitation  characteristics  were  con- 
siderably improved  over  those  at- 
tained with  the  unmodified  tube. 

The  design  of  the  modifications  on 
the  prototype  draft  tube  was  begun 
immediately  after  the  completion  of 
tests.  Several  methods  were  discussed 
including  complete  steel  plating  of 
the  revised  surfaces  and  a complete 
concrete  job.  The  scheme  finally 
chosen  was  as  follows.  The  fillets  in 
the  side  walls  were  done  in  reinforced 
concrete.  The  reinforcing  consisted  of 
a mesh  of  Js  in.  bars  on  12  in.  centers 
behind  a 4 in.  cover  and  one  row  of 
/8  in.  horizontal  bars  on  8 in.  centres. 
The  whole  mass  of  concrete  was 


secured  to  the  existing  draft  tube 
walls  with  la  in.  rods  set  in  cinch 
anchors  on  36  in.  centres.  An  area, 
18  in.  wide  and  4 in.  deep  was 
chipped  out  around  the  perimeter  of 
each  fillet  to  eliminate  any  feather 
edges.  When  the  forms  were  stripped, 
this  perimeter  area  was  rechipped  to 
a section  of  about  6 in.  wide  and  2 in. 
deep  and  a fillet  of  epoxy  base  con- 
crete applied  by  hand.  The  roof  modi- 
fications were  formed  by  li  in.  steel 
plates  shaped  to  the  new  contour  and 
secured  to  the  existing  concrete  by 
rods  and  cinch  anchors.  The  void  be- 
hind the  plates  was  pressure  grouted. 

The  delays  in  the  field  erection 
schedule  resulting  from  the  draft  tube 
problem  necessitated  a rather  unusual 
erection  procedure.  Since  the  turbine 
design  could  not  be  finalized  until 
the  draft  tube  situation  had  been  re- 
solved, the  delivery  of  this  item  was 
set  back  about  two  months  from  the 
original  schedule.  This  meant  that  the 
generator  could  be  on  the  site  some 
time  before  the  turbine.  The  erection 
scheme  devised  was  as  follows.  The 
turbine  stay  ring,  discharge  ring, 
draft  tube  liner  and  pit  liner  were 
installed.  Next  all  the  concreting  work 
including  the  completion  of  the  scroll 
case,  draft  tube  modifications  and  the 
setting  of  generator  sole  plates  was 
done.  The  generator  stator  which  had 
been  pre-wound  was  set  in  place.  The 
turbine  head  covers,  wicket  gates, 
shifting  ring  and  bottom  ring  were 
then  placed.  The  next  phase  of  the 
work  was  the  complete  erection  of  the 
generator  including  shaft,  bearing, 
rotor,  upper  and  lower  brackets,  air 
casing  and  exciters.  At  this  time,  some 
of  the  oil  head  assembly  was  also 
fitted.  The  partially  assembled  tur- 
bine runner  arrived  on  site  just  as  this 
work  was  completed.  The  generator 
was  then  dismantled  and  the  head 
covers  placed  on  the  runner  which 
was  then  placed  in  the  pit.  The  gener- 
ator was  then  reassembled. 

The  scheme  saved  about  one  month 
in  erection  time  since  all  the  time 
consuming  fitting  work  invoK'ed  in 
the  initial  assembly  of  the  generator 
was  done  during  a non-critical  part 
of  the  schedule.  The  final  assembly  of 
the  generator  was  completed  in  about 
one  week.  The  extra  costs  incurred 
by  this  scheme  were  easily  justified 
when  the  saving  in  time  was  evalu- 
ated in  terms  of  lost  energy. 

FUTURE  ADDITIONS 

The  Beechwood  station  is  now 
complete  as  was  originalh'  conceh  ed. 
There  are,  however,  two  schemes 
which  have  been  considered  for  fur- 
ther increasing  the  station  capacity. 
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HE  PLACE  VILLE  MARIE 
Development  represents  the  cul- 
mination of  four  years  of  effort  in  the 
working  drawing  and  construction 
stages.  It  can  most  easily  be  de- 
scribed in  terms  of  the  design  and 
construction  phasing  of  the  project  as 
follows: 

Phase  I:  The  41-storey,  cruciform- 
shaped Royal  Bank  Building,  with  its 
Plaza  and  lower  levels  covering  a 
plan  area  of  approximately  93,000 
sq.  ft. 

Phase  II.  The  lower  levels  over 
the  remainder  of  the  site,  covering 
an  area  of  some  2.50,000  sq.  ft.,  to- 
gether with  the  three-storey  Cathcart 
Building  and  the  projected  lO-storey 
Mansfield  Building. 

The  site  of  this  project  overlies  a 
large  portion  of  the  Canadian  Na- 
tional Railway  Central  Station  rail- 
road yard  in  downtown  Montreal. 
The  inter-relationship  of  the  project 
phases  and  the  principal  adjacent 
structures  is  shown  in  Fig.  1.  The 
prestige  nature  of  the  project  made 
it  imperative  that  further  understand- 
ing of  the  cause  and  control  of  rail- 
road-induced  noise  and  vibration  than 
was  heretofore  readily  available  be 
obtained.  It  is  hoped  that  this  work 
may  be  of  use  to  others. 

Noise  and  Vibration 

The  disturbance  to  the  building 
occupants  arising  from  the  train  move- 
ments may  take  the  form  of  an  unduly 
high  vibration  or  noise,  or  both.  The 
work  “vibration”  will  indicate  a struc- 
ture-borne vibration,  which,  if  suffi- 


ciently intense,  may  be  “felt”  by  an 
occupant.  The  term  “noise”  will 
indicate  a vibration  “heard”  rather 
than  “felt”.  Since  is  it  difficult  (essen- 
tiallv  impossible)  to  make  complete 


data  analyses  during  the  short  time 
of  a train  passage,  magnetic  tape  re- 
cordings were  made  of  all  events  and 
the  records  were  analyzed  later  for 
noise  and  vibration  intensity  as  a 


Fig.  1.  Plan  view  of  site  showing  general  arrangement  of  Development  and  the 
railroad  track  layout. 
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FREQUENCY  BAND  CYCLES  PER  SECOND 

Fig.  2.  “NC”  and  “NCA”  noise  criteria  curves  as  per  Bolt,  Beranek  & Newman 
Figures  1 and  2 of  their  final  report. 


function  of  the  frequency  composi- 
tion of  the  signal. 

Railroad  Practice 

The  use  of  bnilt-np  lead-asbestos 
, I isolator  pads  to  minimize  disturbances 
II  in  terminal  buildings  has  been  stand- 
i!  ard  practice  with  North  American 
railroad  companies  for  some  time.  The 
: pad  is  made  of  Nvo  % in.  thick  layers 
of  asbestos  separated  by  a 1 16  in. 
sheet  of  galvanized  steel  and  encased 
in  a w'atertight  envelope  of  Is  in.  sheet 
lead.  The  asbestos  component  may 
vary  from  a soft  fire-felt  to  a hard 
board  depending  upon  the  contem- 
plated application.  The  pad  is  pre- 
compressed under  a pressure  of  200 
p.s.i.  and  has  a bearing  capacity  vary- 
ing from  600  to  1000  p.s.i.,  depending 
on  the  form  of  the  asbestos.  Isolator 
pads  of  this  type  were  installed  in 
the  foundations  of  the  Queen  Eliza- 
beth Hotel,  the  asbestos  being  in  the 
1 form  of  a cement-asbestos  board.  The 
data  on  the  damping  characteristics 
of  the  pads  for  design  purposes  was 
not  found  in  the  literature  and  was 
approximated  from  the  measurement 
program  outlined  in  the  following 
section. 

The  Measurement  Program 

An  extensive  program  was  carried 
out  at  the  site  by  the  acoustical  con- 
sultants on  this  project  during  Feb- 
ruary, 1959,  to  obtain  data  on  the 
generation  and  transmission  of  rail- 
road-induced noise  and  vibration  into 
the  contemplated  structures.  Tape 
recordings  were  made  at  various 
locations  of  the  effects  of  more  than 
200  train  movements  in  order  to 
ensure  statistical  validity  of  the  results 
with  respect  to  the  many  variables 
in  the  problem.  The  records  were 
later  analyzed  to  determine  the  noise 
or  vibration  level  in  each  of  the 
frequency  bands. 

The  generation  of  these  disturb- 
ances was  found  to  be  affected  by  the 
following  variables: 

a)  Train  speed.  Some  train  move- 
ments were  at  “platform-speed”  and 
some  at  “yard-speed”. 

b)  Equipment.  Axle-loads  of  loco- 
motives generated  higher  energy 
levels  than  those  of  the  lighter  cars. 

c)  Width  of  rail-joints.  Noise  arising 
from  the  presence  of  the  main-rail- 
joints  was  found  to  be  sufficiently 
high  to  warrant  the  taking  of  correc- 
tive measures. 

d)  Switches  and  frogs.  Single-point 
frogs  were  found  to  be  the  most 
serious  noise  and  vibration  generators 
in  this  project. 

e)  Ballast.  The  solidly-frozen  con- 
dition of  the  2 ft.  thickness  of  rock 
ballast  overlying  bed-rock  undoubted- 
ly had  some  effect  on  the  measure- 


ments, although  no  quantitative 
studies  were  made  to  determine  the 
influence  of  this  factor. 

The  transmission  of  the  disturb- 
ances was  studied  with  respect  to 
the  horizontal  and  vertical  distances 
from  the  tracks  and  the  presence  or 
absence  of  isolator  pads  in  the  ad- 
jacent structures. 

The  program  consisted  of  the 
measurement  of  the  following  effects: 

a)  Earth  - borne  railroad  - induced 
vibration. 

b)  Structure-borne  railroad-induced 
vibration  in  the  isolated  Queen  Eliza- 
beth Hotel  and  the  unisolated  Dor- 
chester Street  Bridge. 

c)  Radiated  noise  in  the  hotel  and 
bridge  structures. 

Three  different  arrangements  of 
measuring  equipment  were  used.  In 
the  first  system  used  to  record  vibra- 
tions, the  output  of  a Bruel  and  Kjaer 
accelerometer  was  connected  through 
a bandpass  filter  to  a vacuum-tube 
voltmeter  to  provide  a direct-reading 
instrument  in  tbe  .sub-audio  frequency 


bands  of  2-4  cps,  4-8  cps,  8-16  cps, 
16-32  cps  and  into  the  higher  fre- 
quency audio  bands.  In  the  second 
type,  comprising  two  complete  sys- 
tems, the  output  of  each  accelero- 
meter was  recorded  on  a magnetic 
tape  and  analyzed  in  the  normal 
audio  frequency  bands  of  20-75  cps. 
75-150  cps,  150-300  cps  and  con- 
tinuing up  to  10,000  cps.  The  third 
system  was  used  for  radiated  noise 
level  measurements  and  comprised 
a microphone,  sound  level  meter  and 
octave  band  analyzer  selected  to  cover 
the  audio  bands  from  20  cps  to 
10,000  cps. 

Consistent  with  the  variety  of  con- 
ditions to  be  imposed  by  the  Develop 
ment,  \'ibration  measurements  were 
made  at  20  different  locations  ranging 
vertically  from  track  level  to  ele\a- 
tions  of  110  ft.  aboN'e  and  horizontalK' 
over  distances  exceeding  200  ft.  As 
a general  rule,  both  the  horizontal 
and  vertical  components  of  \ ibration 
were  measured  at  all  stations.  .\lso. 
the  two  tape  recorder  systems  were 
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Fig.  3.  Response  of  humans  to  vibrations  as  per  BBN  Figure  5. 


operated  simultaneously  so  that  the 
same  event  would  be  recorded  on 
each  system,  the  only  differences 
being  the  intentional  differences  be- 
tween the  particular  pick-up  points. 
In  this  way  it  was  possible  to  accur- 
ately assess  the  vibration  level  differ- 
ences that  could  be  attributed  to  the 
measurement  position  differences.  An 
important  part  of  the  program  con- 
cerned the  study  of  the  effectiveness 
of  the  v'ibration  isolator  pads  as  used 
under  the  columns  of  the  Queen 
Elizabeth  Hotel.  Many  simultaneous 
recordings  were  made  with  one  pick- 
up on  an  isolated  Hotel  column  and 
one  on  an  unisolated  Bridge  column 

Human  Response  to  Noise  and  Vibration 

It  will  be  appropriate  at  this  point 
to  briefly  discuss  a few  acoustical 
terms. 

The  noise  in  any  environment  is 
usually  described  by  a graph  of  the 
sound  pressure  level  as  a function 
of  the  frequency  distribution  of  the 
noise.  The  family  of  noise  criterion, 
“NC”,  curves  shown  in  Fig.  2 describe 
noise  conditions  judged  to  be  accept- 
able by  the  average  person  for  vari- 
ous situations.  Human  acceptance  of 
these  values  is  based  on  our  accept- 
ance of  the  balance  of  the  sound 
pressure  levels  of  the  several  fre- 
quency components  of  the  noise. 
Noise  becomes  a disturbing  element 
if  such  balances  are  not  met,  within 
reasonable  limits,  or  if  the  absolute 
sound  pressure  levels  are  appreciably 
higher  than  the  ambient  noise  levels 
in  the  space  considered. 

It  has  been  found  possible  from 
acoustical  studies  to  tolerate  some- 


what greater  pressures  of  low  fre- 
auency  noise  than  indicated  in  the 
“NC”  curves.  The  alternate  noise 
criterion  curves  of  Fig.  2 may  then  be 
used.  The  use  of  these  alternate 
values  may  be  considered  in  the 
design  stages  because  of  the  prepon- 
derance of  low-frequency  sounds  in 
railroad-induced  noise,  the  practical 
impossibility  of  their  complete  re- 
moval from  the  noise  spectrum  and 
last,  but  not  least,  their  intermittency 
for  the  major  portion  of  the  normal 
office  day. 

The  noise  and  vibration  design 
criteria  for  the  Royal  Bank  Building 
varied  with  the  intended  occupancy. 
The  steady-state  ambient  noise  levels 
in  the  executive  offices  and  confer- 
ence rooms  were  to  lie  in  the  range 
of  the  NC-25  to  NC-30  curves.  The 
noise  levels  in  private  offices  were 
to  lie  in  the  NC-30  to  NC-35  curves. 
The  noise  levels  in  the  large,  open 
office  areas  not  involving  business 
machines  were  to  lie  in  the  NC-35  to 
NC-45  curves.  For  those  areas  involv- 
ing business  machines,  the  levels  per- 
mitted corresponded  to  the  NC-45  to 
NC-55  curves. 

Fig.  3 summarizes  the  response  of 
human  beings  to  vibration.  To  verify 
the  numerical  values,  train  passages 
were  found  to  be  heard,  but  not  felt 
in  a fifth-floor  hotel  room.  The 
measured  vibration  levels  were  in  the 
range  between  —65  and  —70  db  re 
Ig  in  the  20  — 75  cps  and  75-150 
cps  bands.  The  numerical  values  were 
thus  found  to  be  applicable. 

Measurements 

As  previously  indicated,  extensive 


measurements  were  made  to  evaluate  1 
the  contribution  of  each  of  the  several  | 
factors  to  the  noise  and  vibration  en-  1 
vironment  to  which  the  Development 
would  be  exposed.  The  vibration- 
isolated  hotel,  the  unisolated  bridge 
and  the  active  railroad  yard  permitted 
the  establishment  of  reference  condi-  1 
tions  and  the  measurement  of  data  { 
necessary  to  proceed  from  an  existing  | 
structure  to  one  in  the  design  stages.  ! 
Low  levels  of  low  frequency  sound  I 
are  more  easily  heard  than  the  cor- 
responding sound-producing  vibra-, 
tions  are  felt.  For  this  reason,  mea- 
surements were  made  of  the  noise 
levels  rather  than  the  vibration  levels. 

Effect  of  Height  above  Track  Level 

Radiated  noise  levels  resulting  from 
train  movements  at  platform  speeds 
on  conventional  track,  without 
switches,  were  measured  in  hotel 
areas  at  different  elevations,  interest 
being  taken  in  the  frequencies  be- 
tween 20  and  600  cps.  The  areas 
were  acoustically  dissimilar  and  the 
measured  noise  levels  were  converted 
to  equivalent  levels  in  the  reference 
room.  Each  equivalent  noise  level  was 
then  related  to  the  highest  NCA  curve 
that  had  at  least  one  point  in  common 
with  it.  The  decrease  of  railroad  noise 
levels  with  height  for  an  isolated 
building  was  thus  obtained  and  is 
shown  for  this  project  in  Fig.  4. 

Effect  of  Speed 

It  was  found  more  difficult  to 
isolate  the  effect  of  speed.  Appreci- 
able differences  in  the  acceleration 
rates  of  the  trains,  different  switch 
settings  and  differences  in  the  rolling 
stock  combined  to  mask  this  effect. 

It  was  noted  that  the  vibration  levels 
measured  near  platforms  increased 
moderately  with  speed  between  the 
time  the  locomotive  and  the  last  car 
passed  the  measurement  position. 
Trains  travelling  at  yard  speed  were 
judged  to  be  appreciably  noisier  than 
those  travelling  at  platform  speed 
and  trains  starting  or  stopping  were 
judged  to  be  somewhat  less  noisy  than 
those  at  platform  speed. 


Fig.  4.  Decay  of  railroad  noise  level 
with  height  as  per  BBN  Figure  1. 
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i Track  Joints  and  Switches 
i The  measurement  of  noise  levels 
arising  from  track  components  gave 
i|  interesting  results.  The  passage  of  a 
' ! wheel  over  a track  joint  appeared 
.j  to  be  somewhat  noisier  than  a wheel 
I running  on  ordinary  track.  The  weld- 
ing of  track  then  can  be  of  import- 
ance. 

Of  greater  importance  was  the  fact 
that  the  passage  of  a wheel  over  the 
gap  of  a single-point  frog  appeared 
to  be  at  least  three  times  as  noisy  as 
that  of  a wheel  over  a track  joint.  It 
w'as  estimated  that  the  installation  of 
a moving-point  frog  would  offset  the 
major  portion  of  this  increase. 

Effect  of  Distance 

The  natural  damping  of  vibration 
>1  with  distance  was  found  to  be  of  real 
I significance  with  respect  to  this  proj- 
! ect.  Also,  during  the  working  day, 
train  movements  tend  to  occur  gener- 
i ally  on  widely-separated  tracks,  thus 
; reducing  the  noise  pressure  at  any 
one  point  in  the  building. 

Isolator  Pad  Effectiveness 

From  the  scientific  point  of  view, 
the  determination  of  the  efficiency  of 
the  lead-asbestos  isolator  pads  was 
of  the  greatest  interest,  since  pub- 
lished data  on  their  damping  charac- 
teristics was  not  available.  Three 
rmisolated  columns  of  the  bridge 
j structure  and  three  adjacent  isolated 
1 columns  of  the  hotel  structure  pro- 
vided a satisfactory  setting  for  this 
investigation.  These  columns  are 
situated  in  the  vicinity  of  Track  7 
near  the  western  edge  of  the  railroad 
yard.  The  measurements  confirmed 
the  usefulness  of  this  type  of  pad  in 
general,  although  some  of  the  results 
were  unexpected. 

At  Track  Level 

The  first  series  of  measurements 
were  made  near  track  level  to  deter- 
mine the  horizontal  component  of 
vibration  of  each  of  the  six  columns 
due  to  train  passages  on  tracks  at 
varying  distances.  It  was  found  that 
the  results  did  not  follow  any  simple 
law  and  they  merit  further  discussion. 
The  vibration  levels  for  the  isolated 
column  in  the  20-75  cps  band  were 
found  to  be  slightly  lower  at  small 
distances  and  appreciably  lower  at 
larger  distances  than  for  the  uniso- 
lated column.  In  the  next  higher  fre- 
quency band  of  75-150  cps,  the  vibra- 
tion levels  for  the  isolated  column 
were  slightly  higher  at  small  distances 
than  those  of  the  unisolated  column. 
At  the  larger  distances,  the  results 
were  essentially  the  same  as  for  the 
first  frequency  band.  This  result  indi- 
cates that  the  natural  frequency  of 
the  isolator  pad  lies  in  the  frequency 
band  of  Tb-^lbO  cps.  The  isolator  pads 


appeared  to  be  less  effective  in  the 
higher  frequencies.  For  example,  in 
the  150-300  cps  frequency  band,  the 
difference  in  vibration  levels  was  again 
slight  for  small  distances  and  only 
moderate  for  a distance  of  200  ft.;  in 
the  600-1200  cps  frequency  band,  the 
differences  in  levels  was  small  over 
the  full  range  of  distance.  This  was 
not  considered  to  be  serious  on  this 
project,  since  most  of  the  energy 
emanating  from  railroad  vibration  is 
concentrated  in  frequencies  below 
300  cps  and  the  energy  contained  in 
the  higher  frequency  vibrations  is 
readily  absotbed  in  a nonnal  building 
structure. 

At  Higher  Elevations 

The  vertical  components  of  vibra- 
tion were  next  measured  at  higher 
elevations  of  these  six  columns.  The 
vibration  levels  were  found  to  be 
moderately  lower  in  the  20-75  cps 
band,  considerably  lower  in  the  150- 
300  cps  band  and  slightly  lower  in 
the  300-600  cps  band,  for  the  iso- 
lated column  than  for  the  unisolated 
column.  These  values  were  recorded 
at  the  first  floor  level  above  the 
tracks  during  the  passage  of  a com- 
muter train  on  Track  7;  similar,  but 
slightly  lower  differences  were  found 
for  the  passage  of  a diesel  switcher 
on  Track  11  at  a lateral  distance  of 
100  ft. 

These  results  indicated  that  the 
isolator  pads  afforded  some  reduc- 
tion of  structure — transmitted  noise 
and  vibration.  The  measurements 
showed  an  isolation  effectiveness 
of  the  pad  ranging  from  2 db  to 
12  db,  depending  upon  distance, 
frequency  and  other  factors.  For  pur- 
poses of  design  on  this  project,  an 


average  value  of  8 db  was  selected. 
The  reader  is  cautioned  against  an 
acceptance  of  this  value  for  use  on 
other  projects  without  further  con- 
sideration. Differences  in  column 
spacing  pad  composition,  structural 
details  and  geometry  are  a few  of 
the  many  factors  which  may  give  rise 
to  variations  in  this  numerical  value. 

Noise  Level  Computations 

The  forecasting  of  the  noise  level 
to  be  expected  from  railroad  activity 
in  any  occupied  space  of  the  Develop- 
ment consisted  of  the  integration  of 
the  individual  effects  discussed  above. 
The  integration  consisted  of  a series 
of  corrections  to  the  equivalent  NCA 
noise  level  given  in  Fig.  4 for  the 
height  of  the  particular  space  above 
track  level.  Certain  noise  control 
recommendations  were  included  in 
the  calculations.  The  recommenda- 
tions were  formulated  during  the  de- 
sign stages  and  are  summarized  as 
follows: 

a)  Isolator  pads.  The  installation  of 
isolator  pads  between  the  column 
grillages  and  the  tops  of  the  footings 
was  carried  out  for  the  majority  of 
the  columns  throughout  the  project. 
Studies  of  certain  columns  at  large 
distances  from  tracks  and  supporting 
noisy-occupancy  areas  revealed  the 
complete  feasibility  of  omitting  iso- 
lator pads  at  these  locations  and  this 
was  done. 

The  asbestos  component  of  the 
pads  installed  under  the  Royal  Bank 
Building  took  the  form  of  cement- 
asbestos  board.  This  building  is  es- 
sentially to  one  side  of  the  higher- 
speed  tracks.  The  asbestos  component 
of  those  pads  more  directly  over  the 


Fig.  5.  Typical  footing  isolation  details. 
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higher-speed  tracks  took  the  form  of 
fire-felt  asbestos.  Although  the  fire- 
felt  pads  are  probably  somewhat 
superior  acoustically  to  the  cement- 
asbestos  pads,  they  were  designed 
to  function  under  compressive  unit 
loads  of  600  p.s.i,  as  contrasted 
to  the  900  p.s.i.  working  unit  loads 
of  the  latter.  The  loads  of  the  tower 
columns,  in  excess  of  12,000  kips, 
were  one  consideration  in  this  choice. 
It  should  also  be  mentioned  at  this 
time  that  the  exterior  vertical  and 
top  surfaces  of  the  concrete  footings, 
the  grillages  and  the  columns  to 
elevations  above  railroad  platform 
level  were  encased  in  two  one-inch- 
thick  waterproofed  layers  of  cork. 
The  cork  was  later  encased  in  4-in. 
of  protective  concrete.  For  those  foot- 
ings directly  below  tracks,  the  upper 
surfaces  of  the  footing  and  grillage 
were  isolated  with  lead-asbestos  pads 
in  place  of  the  cork. 

b)  Double-spring  frogs.  It  will  be 
recalled  that  open-gap  frogs  were 
found  to  be  the  most  offending  com- 
ponent of  trackage  in  the  yard.  It  was 
recommended  that  three  such  frogs 
nearest  the  office  areas  be  replaced 
by  the  much  quieter  double-spring 
frogs.  The  double-spring  frogs  re- 
duce the  track  gap  and  hence  the 
noise  as  the  wheels  pass  over  them. 


Since  these  frogs  can  swing  in  both 
directions,  the  reduction  is  valid  for 
both  directions  of  travel. 

c)  Track  Welding.  Consistent  with 
the  measurements,  the  welding  of 
straight  tracks  and  low-curvature 
curved  tracks  was  carried  out  through- 
out the  yard. 

d)  Project  Separation.  The  struc- 
tural framework  of  the  project  was 
separated  from  adjacent  structures  to 
avoid  the  introduction  of  secondary 
paths  of  noise  or  vibration  transmis- 
sion. Resilient  joints  were  provided 
across  this  separation  in  the  way  of 
pedestrian  or  vehicular  crossings. 

Pad  Installation 

The  relatively  flexible  nature  of  an 
isolator  pad  made  careful  workman- 
ship necessary  during  the  planing 
procedure  of  the  upper  concrete  sur- 
face of  the  footings.  This  was  accomp- 
lished in  the  usual  manner  with  a 
machined  steel  screed  sliding  on  ac- 
curately-leveled and  machined  sup- 
ports. Two  coats  of  black  asphaltum 
paint  were  placed  on  the  concrete 
to  prevent  any  possible  chemical 
action  between  it  and  the  lead 
sheath  of  the  pad. 

The  magnitudes  of  many  tower 
column  loads  gave  rise  to  grillages 
of  large  linear  dimensions.  The  lower 


grillage  beams  of  the  heaviest  tower 
columns,  for  example,  covered  an 
area  of  approximately  9 ft.  by  II  ft.  | 
Dimensions  of  this  order  resulted  in  | 
the  fabrication  of  the  isolator  pad  in  j 
segments  for  all  of  the  larger  footings,  j 
The  joints  between  the  segments 
were  sealed  with  industrial  tape  2 in, 
in  width  to  prevent  the  interstitial  ; 
grillage  concrete  from  forming  vibra-  i 
tion  paths  through  them.  The  details 
of  a typical  installation  are  shown  ^ 
in  Fig.  5. 

I 

Conclusions  ; 

The  studies  outlined  in  this  paper  | 
offer  a sound  approach  to  the  résolu-  ! 
tion  of  a complex  problem.  The  I'esult 
indicated  to  the  designers  that  a satis-  i 
factory  solution  was  achieved  within  i 
the  scope  of  normal  construction  pro-  j 
cedures.  It  is  hoped  that  this  paper  j 
may  be  of  use  to  others  in  this  field,  i 
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Dear  Fellow  Member: 

Your  Council  is  pleased  that  you  and  your 
fellow  members  in  the  Engineering  Institute  of 
Canada  saw  fit  to  vote  on  the  amendments  to  the 
By-laws,  recently  put  before  you,  in  such  a de- 
cisive manner.  This  augurs  well  for  the  future 
of  your  Institute.  It  also  indicates,  I believe, 
that  you  endorse  the  observation  made  in  “Mr. 
Member!  About  That  Fee  Increase”  which  ap- 
peared in  The  Engineering  Journal  for  August, 
1962. 

Nevertheless,  a number  of  you  voted  against 
the  amendment  covering  dues,  as  well  as  the 
other  By-law  amendments.  Your  views  are  re- 
spected by  all  of  us. 

However,  I sincerely  trust  you  will  accept 
the  majority  view  and  act  in  accordance  there- 
with when  you  receive  your  dues  invoice  later 
on  in  the  year. 

I can  assure  you  that  your  Institute  is  ready 
to  provide  all  members  with  the  highest  quality 
services  and  facilities  which  so  many  members 
want.  Your  warm  co-operation  will  make  it 
possible  for  the  Institute  to  be  of  the  greatest 
possible  aid  to  you,  Mr.  Member — to  be  truly 
outstanding  in  meeting  your  needs. 

Yours  very  truly, 


F.  L.  Lawton,  m.e.i.c. 
PRESIDENT 


Cher  confrere, 

Votre  Conseil  est  heureux  que  vous  et  vos 
collègues  membres  de  l’Institut  canadien  des 
ingénieurs  vous  soyez  prononcés  d’une  façon 
si  concluante  au  sujet  des  amendements  aux 
règlements,  qui  vous  ont  été  soumis  récemment. 
Cela  est  de  bon  augure  pour  l’avenir  de  l’Institut 
et  indique  également,  j’en  ai  l’impression,  que 
vous  êtes  d’accord  avec  les  observations  faites 
dans  l’article  paru  dans  le  numéro  d’août  1962 
du  périodique  de  l’Institut,  initulé  “Au  sujet  de 
la  hausse  des  cotisations”. 

Toutefois,  un  certain  nombre  de  membres 
ont  voté  contre  l’augmentation  des  cotisations  et 
autres  amendements  aux  règlements.  Nous  re- 
spectons tous  leur  point  de  vue.  J’ai  confiance, 
cependant,  qu’ils  se  plieront  de  bon  gré  à la 
voix  de  la  majorité  et  qu’ils  se  mettront  d’accord 
avec  leurs  collègues  quand  ils  recevront  leur 
facture  plus  tard  cette  année. 

Je  tiens  à vous  réitérer  que  l’Institut  est 
désireux  de  fournir  à tous  ses  membres  le  meil- 
leur service  possible.  Votre  collaboration  per- 
mettra à l’Institut  de  vous  être  de  plus  en  plus 
utile  et  de  se  montrer  vraiment  à la  hauteur  pour 
répondre  à tous  vos  besoins. 

Veuillez  agréer  l’expression  de  ma  con- 
sidération la  plus  sympathique. 

LE  PRESIDENT, 


F.  L.  Lawton,  m.e.i.c. 
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Division, 
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The  Engineering  Journal, 

July,  1962,  page  40 

Discussion  hij  : 

W.  Howard  Card 

Department  of  Electric  Engineering 
Syracuse  University, 

Syracuse,  N.Y. 

This  paper  reviews  the  behavior  of  a 
class  of  polyphase  transistor  inverters.  The 
authors  provide  a useful  explanation  of  the 
operation  of  these  inverters  and  they  cor- 
rectly point  out  the  importance  of  trans- 
former leakage  reactance.  It  should  be 
emphasized  that  close  coupling  between  the 
two  main  windings  labeled  N,  is  the  critical 
requirement.  This  follows  because  energy 
stored  in  the  leakage  reactance  associated 
with  each  N,  must  be  dissipated  in  the 
transistor  when  it  is  turned  off.  If  the  two 
N,  windings  were  perfectly  coupled  this 
problem  does  not  arise. 

Figure  13  in  the  paper  shows  an  in- 
teresting way  of  eliminating  the  usually- 
undesirable  steps  in  the  slave-oscillator  out- 
put-voltage waveform,  and  the  always-un- 
desirable  steps  in  the  slave-transistor  base- 
drive  voltage.  The  synthesis  of  a sinusoidal 
wave  from  square-wave  components  shown 
in  Fig.  17  provides  a sort  of  converse  of 
the  Fourier  representation  of  square  waves 
by  sinusoidal  components.  Other  variations 
of  the  basic  circuit  are  reported  also. 

The  principal  contribution  of  this  paper, 
I believe,  is  the  experimental  results  for  the 
transient  behavior  of  the  two-phase  inverter. 
These  results  illustrate  the  explanation  pre- 
viously reported  by  Campling  and  Bennett 
of  how  a stable  equilibrium  relationship 
between  master  and  slave  inverter  is  reached. 
Start-up  behavior  of  these  inverters  is  not 
always  the  same,  of  course,  because  of  the 
residual  magnetic  flux  density  in  the  cores; 
however,  it  is  only  the  relative  phase  of  the 
two  inverters  that  has  the  possibility  of  a 
settling  time  greater  than  one  cycle,  and 
this  is  the  problem  treated  by  the  authors. 

The  resistively-loaded  two-phase  inverter 
has  a phase  relationship  somewhat  like  the 
position  of  a simple  pendulum.  The  pendu- 
lum has  two  equilibrium  conditions  (one 
up  and  one  down),  only  one  of  which  is 
stable. 1 Similarly,  in  the  simplest  two-phase 
inverter  of  the  type  under  discussion  there 
are  two  equilibrium  conditions;  the  slave  in- 
verter may  lead  the  master  by  90  degrees  or 
it  may  lag  by  90  degrees.  Only  one  equili- 


brium is  stable.  The  analogy  with  the 
pendulum  breaks  down,  unless  the  pendulum 
is  at  least  critically  damped  because  there  is 
no  overshoot  with  the  inverter. 

In  the  experimental  results  shown  the 
maximum  time  to  reach  essentially  stable 
equilibrium  is  about  10  cycles.  With  other 
initial  conditions  reported,  the  transient  time 
was  less.  Presumably  it  could  also  be  more 
and  theoretically  even  approach  infinity. 
From  given  initial  conditions  of  core  flux, 
the  settling  time  depends  on  design  para- 
meters but  the  possibilities  of  a very  long 
settling  time  remains. 

The  nature  of  this  transient  raises  a 
question  not  discussed  by  the  authors.  Since 
the  work  reported  was  for  resistive  loads 
no  special  problems  arise;  however,  if  a 
two-phase  inverter  is  used  to  drive  a single 
two-phase  induction  motor  it  is  observed  that 
phase-locking  may  not  be  necessary  between 
master  and  slave  inverters  once  the  machine 
is  going.  That  is,  the  motor,  not  unex- 
pectedly, provides  its  own  phase-  locking. 
Now  there  is  the  possibility  that  (with  the 
motor  running  backwards)  the  self-stabiliz- 
ing  action  of  the  induction  motor  may  be 
sufficient  to  hold  the  inverter  at  what  would 
be  an  unstable  equilibrium  for  resistive 
loads. 

In  conclusion,  several  extensions  of  the 
work  reported  here  might  provide  interest- 
ing problems  for  the  authors  or  others. 
First,  if  silicon  controlled  rectifiers  (SCR’s) 
could  be  used  in  place  of  the  transistors, 
the  practicable  upper  limit  on  power  could 
be  raised  by  10  or  100.  Second,  rather  than 
trying  to  make  inverters  with  sinusoidal  out- 
put, why  not  investigate  the  behavior  of  loads 
with  square-wave  drive? 

iThe  term  stable  and  equilibrium  are  em- 
ployed in  the  usual  sense  of  nonlinear 
mechanics,  i.e.,  stability  in  the  sense  of 
Liapunoff.  See  e.g.,  N.  Minorsky  “Non- 
Linear  Mechanics”  J.  W.  Edwards,  Ann 
Arbor  (1947),  p.  41. 

Discussion  by  ; 

A.  E.  Maine 

Editor,  Electronics  and 

Communications 

The  systematic  examination  that  the 
authors  have  made  concerning  the  general 
class  of  magnetically  phase-locked  magnetic 
multivibrators  will  be  much  appreciated  by 
those  working  in  the  static  power  conversion 
field.  However,  the  following  question  and 
observation  arises  in  this  reader’s  mind: 

Toward  the  end  of  the  article  a descrip- 
tion is  given  for  fabricating  a near-sinewave 
output  by  means  of  summing  squarewave 
sources  mutually  phased  in  some  desirable 
manner.  I have  done  a considerable  amount 
of  theoretical  and  experimental  work  in  this 
direction  and  in  fact  have  produced  a rather 
complicated  expression  for  determining  the 
optimum  phase  angles  for  any  number  of 
sources.  However,  in  cases  where  more  than 
two  sources  are  summed,  “Forced”  forward 
and/or  reverse  currents  occur  in  the  col- 
lectors of  the  power  transistor  groups  con- 
siderably degrading  their  otherwise  desirable 
operating  loci.  Countermeasures  to  combat 
this  situation  were  found  to  be  complicated 
and  involved  extra  losses  to  the  extent  that 


it  was  concluded  that  the  entire  method  for 
obtaining  near-sinewave  outputs  was  not 
really  practical.  I should  like  to  know  if 
the  authors  have  been  able  to  get  around  this 
problem  satisfactorily. 

I should  like  to  comment,  by  the  way, 
that  brute-force  filtering  of  inverters  outputs 
does  indeed  sound  rather  an  unattractive 
proposition  . . . however,  it  turns  out  that 
with  these  methods  hundreds  of  VA  of  “5% 
distortion  limited”  power  for  an  increase 
in  weight  equivalent  to  only  about  40%  of 
that  of  a single  output  transformer,  and 
still  at  a good  efficiency,  can  in  fact  be 
achieved. 

Discussion  by: 

W.  J.  Moore,  M.E.I.C. 
and  M.  P.  MacMartin 
National  Research  Council 
Ottawa 

Professor  Campling  and  his  associates 
have  provided  a most  interesting  analysis  of 
the  operating  cycle  and  have  described 
some  ingenious  circuits  for  obtaining  multi- 
phase operation  and  waveform  control.  With 
the  advent  of  new  direct  current  power 
sources,  such  as  fuel  cells  and  thermo- 
electric generators,  these  circuits  are  be- 
coming more  and  more  important  and  their 
studies  will,  we  are  sure,  prove  to  be  of 
great  value. 

Not  having  direct  experience  with  these 
devices,  we  cannot  say  very  much  which 
would  add  to  the  paper.  However,  there  are 
a few  questions  which  we  would  like  to  put 
to  the  authors. 

1.  The  description  of  the  switching  pro- 
cess given  in  the  paper  is  probably  the  most 
complete  that  has  yet  been  offered.  Some 
difficulties  still  arise,  however,  if  attempts 
are  made  to  explain  the  division  of  magnetiz- 
ing current  or  the  effect  of  load  variation. 
Of  particular  interest  is  the  interval  when 
both  transistors  are  in  the  conducting  state. 
During  th's  period,  only  one  transistor  (that 
which  is  going  on)  carries  the  load  current 
while  apparently  both  carry  magnetizing  cur- 
rents. Can  the  authors  say  what  factors 
govern  this  division  or  how  point  L in 
Fig.  3a  is  located? 

2.  The  scheme  proposed  for  approximately 
sinusoidal  waveform  and  three-phase  out- 
put should  certainly  satisfy  those  who  ob- 
ject to  square  waves.  The  objectives  have 
apparently  been  achieved  with  considerable 
elegance  and  simplicity.  The  interconnection 
of  the  output  windings  from  several  in- 
dividual inverters  must  result  however  in 
periods  where  the  flow  of  load  current 
through  some  windings  is  in  a direction  op- 
posite to  that  called  for  by  the  output 
voltage  of  the  corresponding  inverter.  Since 
the  transistor  is  essentially  a uni-directional 
device,  what  measures  should  be  taken  to 
permit  this  reverse  load  current  to  flow  with- 
out undue  restriction? 

3.  Also,  the  authors  have  implied  that 
circuits  are  available  which  make  use  of 
controlled  rectifiers  in  place  of  transistors. 
The  operation  of  the  controlled  rectifier  is 
somewhat  different  from  that  of  the  tran- 
sistor however,  and  presumably  a different 
form  of  control  is  required.  Can  the  authors 

(Continued  on  page  112) 
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Exposure  technique  for 
small  castings. 


Canadian  Steel  Improvement  technician  setting  up  for  X-ray  test  of  complete  Canadair  casting. 


Kodak  industrial  x-ray  film  provides 

castings  with  the  all-important  stamp  of  approval 


CANADIAN  KODAK  CO.,  LIMITED,  Toronto  15,  Ontario 


Canadian  Steel  Improvement 
Limited,  Toronto,  manufacture 
castings  and  forgings  for  the 
varied  products  of  more  than  150 
customers.  Their  customers’  lines 
range  from  aireraft  engine  parts 
and  automotive  components  to  re- 
frigerator equipment  and  portable 
pumps.  “We  constantly  use  radio- 
graphy for  both  proof  of  quality 
and  pride  of  workmanship”,  ex- 
plains F.  B.  Pillman,  sales  man- 
ager. “X-rays  assure  us  that  the 
parts  are  sound  and  meet  specifi- 
cations. We  could  test  by  section- 
ing, but  that  would  destroy  the 
casting.  To  omit  radiography  is 
false  economy  because  a defect 


may  be  uncovered  later  during 
expensive  machining  processes.” 

In  some  instances  100%  radio- 
graphy must  be  made  of  certain 
components.  For  example,  each  of 
the  130  pound  castings  for  a naval 
radar  system  was  shot  from  40 
angles.  Of  course,  few  castings  are 
as  complex  to  test.  In  the  case  of 
the  two  ounce  electronic  computer 
components,  the  castings  had  to 
be  radiographed  from  only  two 
angles,  and  several  castings  could 
be  shot  at  the  same  time. 

“For  castings  of  uniform  thick- 
ness, and  most  particular  thin 
sections,  Kodak  Industrial  X-Ray 
film.  Type  M is  used  because  of 


its  high  contrast  and  extra  fine 
grain”,  says  William  Douglas  chief 
radiographer  for  Canadian  Steel 
Improvement  Limited. 

“Kodak  Type  A A film  is  ex- 
posed where  higher  speed  is 
required  for  the  heavy  complex 
sections.  The  two  films  are  an  ideal 
combination  for  checking  at  a 
single  exposure,  both  thin  and 
heavv  section  of  a complex  cast- 
ing.” 

Kodak  Industrial  X-Ray  film 
is  job  oriented  to  guarantee  results. 
Contact  your  X-Ray  dealer  or 
Kodak  Technical  repre- 
sentative for  the  full 
story.  Or  write  to  : 
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BRIGHT  FUTURE  FUR  THE 
INSTITUTE  UNDERLINED  AT 
DIGBY  CDUNCIL  MEETING 

Stirling,  Heartz  Agree  to 
Head  Headquarters  Building 
Committee 

Two  prominent  past-Presiclents  of  the 
Institute  have  agreed  to  head  a com- 
mittee charged  with  seeking  adequate 
accommodation  for  Headquarters. 

Co-chairmen  of  the  Committee  of 
Institute  Building  Program  are  Dr.  J.  B. 
Stirling  and  Dr.  B.  E.  Heartz,  both  of 
Montreal. 

Approval  for  the  formation  of  the 


Capital  and  operating  costs  of  suitable 
Headquarters  premises  are  to  be  re- 
viewed, and  the  Committee  may  suggest 
methods  of  financing  such  premises. 

A possibility  to  be  pursued  is  the 
procurement  by  the  Institute  of  suitable 
Headquarters  facilities  in  leased  premises 
under  a long-term  lease.  It  would  also 
determine  the  capital  and  operating  costs 
of  such  leased  premises.  The  Committee 
also  may  engage  consulting  services, 
subject  to  approval  by  the  Finance  Com- 
mittee and  Council. 

Institute  Communications 
Reorganized  On  Regional  Lines 

The  rapid  growth  of  the  Institute  has 
caused  Council  to  establish  regional  in- 
formation and  co-ordination  centres  to 
provide  for  easier  and  more  effective 
communications  between  Branches  and 
the  Institute.  This  plan  is  designed  to 


J.  B.  Stirling, 


HON.  M.E.I.C. 


Committee  was  given  during  the  March 
10  meeting  of  the  Executive  Committee. 
Present  Headquarters  accommodations 
were  recognized  as  unsuitable,  and  in- 
consistent with  the  “image”  of  the  In- 
stitute. 

Determination  of  current  and  future 
needs  for  suitable  facilities  in  Montreal 
will  be  the  first  charge  of  the  Committee. 
It  then  will  review  existing  facilities  to 
determine  whether  they  can  be  made 
adequate  at  a sensible  cost. 


Presidents  or  Senior  Officers  of  the  Commonwealth  Institutions:  left  to  right,  Back  row:  S.  Rajanayagam,  Institution  of  En- 
gineers, Ceylon;  G.  H.  Woods,  South  African  Institute  of  Electrical  Engineers;  C.  E.  Spearing,  Institution  of  Chemical 
Engineers;  J.  H.  Pitchford,  Institution  of  Mechanical  Engineers;  Sir  George  McNaughton,  Institution  of  Civil  Engineers;  Major- 
General  R.  H.  J.  Risson,  Institution  of  Engineers,  Australia;  P.  L.  Laing,  New  Zealand  Institution  of  Engineers;  C.  J.  Hopewell, 
South  African  Institution  of  Mechanical  Engineers;  J.  E.  Mitchell,  Rhodesian  Institution  of  Engineers;  Tuan  Yusoff  Bin  Haji 
Ibrahim,  Institution  of  Engineers,  Malaya;  G.  S.  C.  Lucas,  Institution  of  Electrical  Engineers.  Front  row,  left  to  right:  R.  D. 
Hawkins,  South  African  Institution  of  Civil  Engineers;  F.  L.  Lawton,  The  Engineering  Institute  of  Canada;  Major-General 
Harkirat  Singh,  Institution  of  Engineers,  India. 
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G.  McK  Dick,  m.e.i.c. 


ensure  an  effective  flow  of  information 
and  opinion  among  the  far-flung  seg- 
ments of  the  Institute. 

Council  approved  this  reorganization 
after  it  was  recommended  by  the  Com- 
mittee on  Planning  for  the  Future.  Chair- 
man of  this  vital  committee  is  past 
President  Dr.  McK.  Dick. 

According  to  this  scheme,  Canada  will 
be  divided  into  10  regions  serving  as 
information  and  co-ordination  centres. 
This  will  allow  for  compact,  effective 
meetings  of  regional  and  Branch  of- 
ficers. It  is  proposed  that  a least  ore 
senior  officer  from  each  Region  will  at- 
tend meetings  of  Council  or  of  the  Ex- 
ecutive Committee. 

Coimcil  approved  this  plan  in  prin- 
ciple, but  decided  that  it  be  given  a 
two-year  trial  period  before  any  per- 
manent decision  is  considered. 

In  line  with  this  new  policy  a regional 
information  and  co-ordination  meeting 
was  scheduled  for  October  27  in  Regina. 
Invited  were  Councillors  and  Branch 
Chairmen  of  Zone  “A”.  Chairmen  of 
Standing  Committees  were  asked  to  at- 
tend to  explain  the  work  and  the  future 
plans  of  their  committees. 

First  Meeting  in  Canada  of 
Commonwealth  Institutions 

The  Conference  of  Engineering  In- 
stitutions of  the  British  Commonwealth 
met  in  Canada  for  the  first  time  this 
year.  The  meetings  which  were  held  in 
Montreal,  Quebec  City,  Ottawa,  and 
Toronto,  with  a side  trip  to  Niagara 
Falls,  took  place  from  September  9 to 
September  21. 

Representatives  of  more  than  200,000 
professional  engineers  of  the  Common- 
wealth concerned  themselves  with  the 
freedom  of  movement  of  professional 
engineers  between  Commonwealth  coun- 
tries, and  the  freedom  with  which 
professional  engineers  qualified  in  one 
Commonwealth  country  may  practise  in 
other  Commonweath  countries. 

The  Conference  of  Engineering  In- 
•stitutions  of  the  Briti.sh  Commonwealth 
held  its  first  meeting  in  the  United 
Kingdom  in  1946  and  .since  has  met 
at  four-year  intervals  in  South  Africa 
(1950),  London  (1954),  and  Australia 
and  New  Zealand  (1958).  The  10  coun- 
tries in  the  Conference  were  represented 
by  the  Presidents  and  Secretaries  of  the 
appropriate  national  engineering  institu- 
tions. The  EIC  was  host  this  year. 


Discussions  centred  on  such  subjects 
as  common  rules  for  professional  con- 
duct, standards  of  professional  qualifica- 
tion, reciprocal  arrangements  for  mem- 
bership between  Commonwealth  Engi- 
neering Institutions,  the  statutory 
registration  of  professional  engineers 
compared  with  voluntary  membership 
in  a professional  body,  relations  with 
other  international  groupings  of  pro- 
fessional engineers  and  matters  con- 
cerned with  the  constitution  of  the 
Conference. 

These  discussions  led  to  a greatly  in- 
creased understanding  of  procedures  and 
practices  and  to  the  adoption  of  a num- 
ber of  recommendations,  the  effect  of 
which  should  be  a more  efficient  ex- 
change of  professional  engineering  prac- 
tice among  Commonwealth  countries. 

The  deliberations  were  stimulated  by 
the  great  engineering  developments 
taking  place  in  Canada,  some  of  which 
the  delegates  visited.  They  enjoyed  the 
generous  hospitality  of  Canadian  engi- 
neers, industry,  faculities  of  engineering, 
and  tire  National  Research  Council  of 
Canada. 


C.  G.  Kingsmill,  m.e.i.c. 

General  Secretary  Announces 
New  Staff  Appointment 

The  General  Secretary  is  pleased  to 
announce  that  Grange  Kingsmill  joined 
the  EIC  Headquarters  staff  October  1 as 
Manager  of  Technical  Services.  In  this 
capacity  his  major  responsibilities  will  be 
in  furthering  the  work  of  the  Committee 
on  Technical  Operations  at  both  the 
national  and  Branch  levels,  and  with 
some  of  the  technical  aspects  of  the  EIC 
publications  program. 

Mr.  Kingsmill  has  been  a member  of 
the  Institute  for  35  years.  During  this 
time  he  has  served  as  a member  of  the 
Montreal  Branch  Executive,  currently  as 
Chairman.  He  has  served  on  Council, 
and  was  Chairman  of  the  1956  and  the 
1962  Annual  Meeting  committees. 

Before  joining  the  EIC  Mr.  Kingsmill 
was  connected  with  many  major  con- 
struction projects,  including  the  Beau- 
hamois  and  VVarsak  hydro-electric  de- 
velopments. During  the  last  10  years  he 
was  with  Angus  Robcrt.son  Ltd.,  prior  to 
which  he  was  Chief  Engineer,  Power 
Development  Division,  Hydro  Quebec. 


H.  G.  Conn,  m.e.i.c. 


DEAN  CONN  REPRESENTS 
EIC  AT  EUSEC  MEETING 

Dean  H.  G.  Conn  of  Queen’s  Uni- 
versity represented  the  Institute  at  the 
fourth  formal  meeting  of  the  Committee 
on  Engineering  Education  and  Training 
of  EUSEC.  The  meeting  was  held  in 
London  from  June  25  to  June  30.  Host 
society  was  the  Institution  of  Electrical 
Engineers  of  the  United  Kingdom. 

EUSEC  is  the  Engineering  Societies 
of  Western  Europe  and  the  United 
States.  Canada  is  not  a member  but 
Dean  Conn  served  as  EIC  representa- 
tive-observer by  invitation.  American 
members  are  ASCE,  AIChE,  AIEE, 
ASME  and  AIME,  and  they  designated 
the  Engineers’  Council  for  Professional 
Development  as  their  representative  on 
the  Committee. 

The  six  work  sessions  dealt  with  urgent 
education  problems  common  to  W'estem 
Europe  and  to  most  of  North  America. 


F.  L.  Lawton,  m.e.i.c. 


PRESIDENT  HEADS  EIC 
DELEGATIDN  AT  ECPD 

President  Lawton  led  a strong  EIC 
delegation  to  the  Annual  Meeting  of 
the  Engineers’  Council  for  Professional 
Development  which  was  held  October 
1-2  in  Philadelphia.  Other  Institute  rep- 
resentatives who  participated  in  the  ex- 
tremely busy  two  days  of  meetings  were 
Guy  Savard,  G.  R.  Henderson,  Col.  W.  S. 
Wilson,  Col.  A.  Capelle  and  General 
Secretary  Garnet  T.  Page. 

Participating  societies  in  ECPD  arc 
the:  American  Institute  of  Chemical  En- 
giners;  American  Institute  of  Electrical 
Engineers;  American  Socict)'  of  Mining, 
Metallurgical  and  Petroleum  Engineers; 
American  Society  of  Civil  Engineers; 
American  Soeietv'  for  Engineering  Edu- 
cation; American  Soeietv'  of  Mechanical 
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Engineers;  EIC;  Institute  of  Aerospace 
Sciences;  Institute  of  Radio  Engineers; 
and  National  Council  of  State  Boards  of 
Engineering  Examiners. 

Major  discussions  were  precipitated 
by  the  reports  of  the  Committees  on: 
Guidance;  Education  and  Accreditation; 
Student  Development;  Development  of 
Young  Engineers;  Recognition;  Ethics 
and  InfoiTnation. 

The  EIC  report,  presented  by  Mr. 
Henderson,  noted  that  the  Institute 
maintained  active  representation  to  all 
ECPD  meetings  and  that  the  EIC  Coun- 
cil had  been  kept  informed. 

ECPD  publications  were  advertised 
in  the  Engineering  Journal.  Professional 
Development  courses  were  being  offered 
by  most  EIC  Branches,  and  the  National 
Professional  Development  Committee  met 
in  Montreal  in  June. 

Mr.  Henderson  told  of  the  Institute’s 
international  activities  in  allied  organi- 
zations. He  spoke  of  increasing  EIC 
programs  directed  towards  engineering 
students. 

Underlying  the  report  was  the  feeling 
of  rapidly-increasing  participation  by 
the  Institute  and  its  members  in  all  ac- 
tivities designed  to  increase  the  value 
of  engineers  and  engineering. 

Work  Sessions 

I — “General  Education  Before  Admis- 
sion to  Engineering  Schools  of  University 
Level.”  A significant  point  in  the  papers 
and  discussions  at  this  session  was  that 
despite  the  disparity  of  systems  in  the 
various  countries,  use  of  the  Report  on 
Education  and  Training  of  Professional 
Engineers  makes  it  possible  to  achieve 
some  common  understanding  of  the 
preparation  prior  to  university  entrance. 

H — "Education  at  Engineering  Schools 
of  University  Level.”  In  response  to  a 
general  emphasis  of  scientific  and  mathe- 
matical content  of  undergraduate 
courses  at  the  expense  of  more  traditional 
“skill  courses”  it  is  believed  that  more 
responsibility  for  practical  training  will 
be  assumed  by  industry. 

III —  “Practical  Training  Before,  Dur- 
ing and  After  Engineering  Studies.”  In 
continental  Europe  there  is  a greater  in- 
sistence of  practical  training  before  and, 
during  the  university  course  than  is  cus- 
tomary in  the  United  States.  It  is  not 
apparent  whether  this  trend  will  con- 
tinue. 

IV —  “Post  First-Degree  Education.” 
While  in  all  EUSEC  countries  the  doc- 
torate is  awarded  soley  on  the  basis  of 
a successful  research  program,  only  in 
the  United  States  are  there  requirements 
for  formal  courses  in  such  a program. 
Elsewhere  the  doctorate  is  awarded  on 
the  basis  of  the  research,  plus  examina- 
tion by  a committee  to  determine  the 
student’s  proficiency  in  his  field  and  in 
defence  of  his  research. 

In  addition,  the  United  States  is  the 
only  country  where  there  is  large  enroll- 
ment in  formal  courses  leading  to  a 
second  degree,  such  as  a Master  of 
Science.  While  practices  in  the  other 
EUSEC  countries  vary  there  was  general 


agreement  on  the  desirability  of  formal 
courses  leading  to  post-graduate  degrees, 
and  of  short,  non-degree  courses  for  the 
development  of  practising  engineers. 

V —  “Criteria  for  Professional  Recog- 
nition.” It  was  quite  obvious  that  criteria 
for  professional  recognition  varied  widely 
among  the  EUSEC  countries.  However, 
there  was  general  agreement  that  no 
matter  how  high  the  criteria  were  raised 
for  the  start  of  any  professional  career, 
the  obsolescence  factor  is  high  unless 
some  method  of  keeping  up  to  date  is 
adopted. 

VI —  -“Whither  Engineering  Educa- 
tion?” There  was  general  agreement  that 
the  education  of  an  engineer  must  stress 
the  fundamentals  and  be  strongly 
oriented  towards  the  sciences  without 
somehow  losing  the  engineering  flavor. 

It  was  stressed  that  the  engineer  must 
continue  his  education  as  a life-long 
process,  and  not  end  it  with  the  com- 
pletion of  his  formal  education. 


J.  Vance,  m.e.i.c. 


INSTITUTE  WELL  REPRESENTED 
AT  IMPORTANT  HEMISPHERE 
MEETING 

A strong  EIC  delegation  attended  the 
Seventh  UP  ADI  Congress  which  was  held 
in  San  Juan,  Puerto  Rico  from  August 
26  to  September  1. 

The  Canadian  delegates  were:  Insti- 
tute President  F.  L.  Lawton;  past-Presi- 
dent  James  Vance,  a member  of  the 
UPADI  Board  of  Directors;  C.  R.  Vegh 
Garzon,  alternate  member  for  Canada  on 
the  UPADI  Board;  Dean  H.  G.  Conn  of 
Queen’s  University;  W.  H.  Beaton;  and 
Garnet  T.  Page,  EIC  General  Secretary. 

The  membership  of  UPADI  comprises 
the  leading  national  technical  associations 
of  engineers  in  each  of  the  23  countries 
of  North  America  and  South  America. 
The  host  institution  at  the  San  Juan 
meeting  was  the  Colegio  de  Inginceros, 
Architectos  y Agrimensorea  de  Puerto 
Rico. 

Mr.  Lawton,  elected  a Vice-President 
of  the  Congress,  participated  in  the  work 
of  its  Co-Ordinating  Committee.  All 
members  of  the  EIC  delegation  par- 
ticipated actively  in  each  of  the  five 
special  committees  (Administration,  Re- 
lations, Budget,  Legislation,  Technical 
Program)  and  in  a number  of  round- 
table discussions,  particularly  that  dealing 
with  engineering  education.  The  Cana- 
dian delegates  met  frequently  to  compare 
notes  and  ensure  maximum  coherence 
and  contribution. 


The  general  concensus  was  that  this  ; 
was  the  most  productive  UPADI  Con-  ■:< 
gress  to  date.  It  is  anticipated  that  the  < 
program  resulting  from  it  will  be  of  real 
value.  Greatly  improved  relationships  j 
were  established  between  the  EIC  and  j 
UPADI  generally,  and  between  the  EIC  i 
and  the  individual  engineering  societies.  ^ 
A great  deal  was  learned  about  how  \ 
Latin  American  engineers  operate,  their  i ■ 
problems,  and  how  Canadian  engineers  i 
can  help  in  the  fields  of  education,  en- 
gineering and  industry.  That  Canadian  ^ 
engineers  have  a much  greater  role  to  ' 
play  in  the  work  of  UPADI  and  in  Latin  | 
America  generally,  became  apparent  at  |li 
the  Congress.  Continued  EIC  member-  {i 
ship  in  UPADI  is  felt  fully  justified.  Î 
By  improved  knowledge  and  personal 
contact  the  Canadian  engineering  pro-  jj 
fession,  through  the  EIC,  can  and  should 
play  a more  effective  role  in  Latin 
America.  |j 

; 

OVERWHELMING  BY-LAW 
APPROVAL,  PUBLICATIONS 
EXTENSION  HIGHLIGHT  ' 
EXECUTIVE  COMMITTEE 
MEETING 

Resounding  approval  to  proposed  ! 
changes  in  the  Institute’s  by-laws,  and  a 
progressive  new  scheme  to  expand  the  1 
publication  of  technical  papers  were  I 
among  the  highlights  of  a meeting  of  ! 
the  Executive  Committee  held  in  Mon- 
treal September  29. 


Expanded  Publications 

The  immediate  results  of  the  new 
publications  plan  will  be  more  top- 
quality  papers  will  be  published  with 
very  little  time  lag. 

Under  the  present  system,  papers 
which  have  been  found  technically  suit- 
able for  pubheation  must  “wait  in  hne” 
behind  a large  back-log  of  other  papers 
which  had  been  accepted  for  regular 
issues  of  either  the  Engineering  Journal 
or  of  Transactions.  According  to  the  new 
system,  all  acceptable  papers  will  be 
published  in  one  of  the  three  following 
media: 

1.  The  Engineering  Journal,  which 
will  continue  to  be  published  each 
month.  Featured  will  be  a larger 
variety  of  shorter  papers  of  current 
interest  to  a wide  cross-section  of 
Canadian  engineers. 

2.  Transactions  of  the  EIC,  which 
will  be  published  as  separate 
papers  dealing  with  research,  de- 
velopment, experimental  work  and 
the  advancement  of  theory,  of 
particular  interest  to  those  con- 
cerned with  a field  of  engineering. 
Each  paper  will  be  identified  as 
falling  into  one  of  five  Series,  and 
will  be  classified  further  within 
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eac'li  Series  b>-  tlie  Teehnieal  Divi- 
sion eo\ering  the  field  of  interest 
of  the  paper.  Papers  will  be  num- 
bered eonseeutively  within  eaeh 
Division.  The  five  Series  are; 

Series  "A"  — Civil,  Geotechnical, 
Bridge  and  Structural. 

Series  “B"  — Mechanical,  Welding, 
Thermal. 

Series  “C”  — Electrical;  Communica- 
tions, Electronics  and  Automation, 
Hydro-Electric. 

Series  “D”  — Management,  Besearch, 
Education. 

Series  “E”  — Chemical,  Mining. 

EIC  Members  may  subscribe  to  any 
or  all  of  the  five  Series  by  paying  an 
annual  subscription  of  $3  per  Series. 
The  number  of  papers  per  year  in  each 
Series  will  be  about  equal.  Specially 
titled  binders  for  each  Series  will  be 
available  from  the  EIC.  The  cost  will  be 
$3  each.  Details  about  ordering  Trans- 
actions will  be  sent  to  each  member  with 
his  bill  for  1963  membership  fees. 

Non-Members  may  subscribe  to  Trans- 
actions at  an  annual  cost  of  $7  per 
Series,  and  may  purchase  binders  at  $4. 

The  Engineering  Journal  will  carry 
advice  of  all  Transactions  papers  as  they 
are  approved  for  publication.  This  will 
enable  readers  who  have  not  subscribed 
to  the  Series  in  which  a paper  will  ap- 
pear to  order  a separate  copy  at  a cost 


of  50  cents  for  Members  and  $1  for 
non-Members. 

All  Transactions  papers  will  be  in- 
cluded in  the  Engineering  Inde.x,  and 
arrangements  are  being  made  with  lead- 
ing engineering  libraries  to  maintain  an- 
nual volumes  of  all  Transactions  papers 
on  a pemianent  basis. 

3.  Division  Papers  will  be  published 
only  as  separate  papers  identified 
by  the  Technical  Division  cover- 
ing the  field  of  interest  of  the 
paper.  These  will  be  papers  for 
which  provision  cannot  be  made 
for  publication  in  the  Engineering 
Journal  or  Transactions  of  the  EIC, 
but  which  offer  sufficient  contri- 
butions to  engineering  knowledge 
by  a Canadian  author  to  warrant 
publication  by  the  EIC.  They  will 
be  numbered  serially. 

The  Engineering  Journal  will 
carry  advice  of  all  Division  papers 
as  they  are  approved  for  publica- 
tion to  enable  readers  to  order 
them.  The  cost  per  copy  will  be 
50  cents  to  Members  and  $I  to 
non-Members. 

All  Division  paj)er.s  will  be  in- 
cluded in  the  Engineering  Index, 
and  arrangements  are  being  made 
with  leading  engineering  libraries 
to  maintain  annual  volumes  of  Di- 
vision papers  on  a permanent  basis. 


R.  A.  Phillips,  M.E.i.c. 


Publishing  Objectives 

This  plan  which  will  be  put  into 
practice  in  January,  1963,  is  the  culmina- 
tion of  two  years  of  intensive  planning 
by  the  Publications  Committee  under 
Chairman  R.  A.  Phillips. 

Seven  important  objectives  are  hoped 
to  be  met  by  the  plan.  They  are;  to 
stimulate  Canadian  engineers  to  prepare 
more  papers;  to  publish  papers  more 
promptly;  to  publish  more  technical 
papers;  to  divide  Transactions  into  broad, 
logical  technical  areas;  to  help  Members 
get  more  of  the  specific  type  of  Trans- 
actions they  want;  to  achieve  the  highest 
respect  by  authors  and  readers  for  Trans- 
actions; and  to  enable  the  Engineering 
Journal  to  become  even  more  current, 
and  of  the  widest  possible  interest  to  its 
readers. 


Secretaries  of  the  Commonwealth  Institutions:  Left  to  Right,  Back  Row:  K.  H.  Platt,  Institution  of  Mechanical  Engineers,  Dr. 
J.  B.  Brennan,  Institution  of  Chemical  Engineers;  Lau  Foo  Sun,  Institution  of  Engineers,  Malaya;  B.  Seshadri,  Institution  of 
Engineers,  India;  Dr.  G.  G.  Gainsborough,  Institution  of  Electrical  Engineers;  A.  McDonald,  Institution  of  Civil  Engineers; 
F.  Jervis  Smith,  Institution  of  Electrical  Engineers;  S.  Rajanay again.  Institution  of  Engineers,  Ceylon,  front  row,  left  to 
right:  A.  J.  T.  Adams,  South  African  Institute  of  Electrical  Engineers;  G.  T.  Page,  The  Engineering  Institute  of  Canada; 
C.  H.  D.  Harper,  Institution  of  Engineers,  Australia. 
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iESOflHG  ENDORSEMENT 
OF  BY-LAW  CHANGES 

Corporate  Members  of  the  Institute 
were  asked  this  summer  to  approve 
changes  to  certain  hy-laws.  At  least  one 
of  these  changes — involving  increased 
membership  fees — was  thought  to  he 
contentious.  But  liy  one  of  the  biggest 
percentage  of  votes  in  Institute  history 
every  proposed  change  was  approved 
overwhelmingly. 

Increased  fees  were  approved  by  about 
80  per  cent  of  those  voting  while  other 
proposals  received  the  endorsement  of 
well  more  than  95  per  cent. 


New  Fee  Structure 

In  previous  years  Members  were  di- 
vided into  three  groups  for  billing  pur- 
poses: Montreal  Branch  residents;  all 
other  Branch  residents;  and  Branch  non- 
residents and  non-residents.  Beginning  in 
1963  there  will  be  no  differentiation  be- 
tw’een  Montreal  Branch  residents  and 
residents  of  all  other  Branches. 

Following  is  the  new  fee  structure,  in 
all  cases  with  Branch  non-residents  and 
non-residents  listed  first,  followed  by  all 
Branch  residents. 

Affiliates,  $23  and  25;  Students,  $3; 
Associate  Members,  $12  and  14;  Mem- 


bers, $22  and  $24;  Fellows,  $22  and 
$24.  Honorary  Members  will  continue  to 
be  e.xempt  from  payment  of  annual  fees. 

In  addition,  entrance  fees  will  be  pay- 
able at  the  time  of  admission  to  the 
Institute,  rather  than  at  the  time  of  ap- 
plication for  membership. 

Executive  Committee,  CBO 
and  Committee  on  Member- 
ship Made  Permanent 

In  recent  years  the  rapid  grox\4h  of 
the  Institute  has  made  it  difficult  to 
assemble  a representative  group  of  Coun- 
cillors at  frequent  intervals.  Because  of 
this,  and  to  ensure  more  prompt  e.xecu- 
tive  action,  the  1960  Council  approved 
the  formation,  on  a trial  basis,  of  an 
Executive  Committee  of  Council. 

This  E.xecutive  Committee  is  com- 
posed of  the  President,  the  Vice-Presi- 
dnts,  the  immediate  past  President,  the 
Treasurer,  and  certain  Standing  Com- 
mittee Chairmen.  The  work  of  this  Com- 
mittee proved  so  effective  that  tlie 
membership  approved  the  establishment 
of  a permanent  Executive  Committee. 

The  Committee  is  to  meet  at  least 
three  times. 

Because  of  their  importance  and  ef- 
fectiveness the  Committee  on  Member- 
ship and  the  Committee  on  Branch 


Operations  have  been  made  standing 
committees  of  the  Institute. 

PROCEDURES  MODIFIED 

Other  modifications  were  suggested  be- 
cause the  procedure  in  the  present  by- 
laws for  the  nomination  and  election  of 
officers  is  difficult  to  follow.  These 
changes  were  suggested  by  a special 
committee  appointed  by  Council. 

Improved  were  the  procedmes  for  the 
election  of  the  Nominating  Committee, 
meetings  of  the  Nominating  Committee, 
the  list  of  nominees  for  officers,  publi- 
cation of  nominations,  additional  nomi- 
nations, and  the  conduct  of  the  officers’ 
ballot. 

Also  approved  for  change  is  a stipu- 
lation that  the  General  Secretary  shall 
issue  letter  ballots  on  proposed  amend- 
ments to  the  by-laws  not  later  than  six 
months  after  the  Annual  General  Meet- 
ing. The  time  limit  had  been  two  months. 

SCRUTINEERS’  REPORT 

Also  at  the  September  29  meeting  of 
the  Executive  Committee  the  report  of 
the  Committee  of  Scrutineers  was  re- 
ceived. Approved  by  a vote  of  35  to  30 
was  a motion  for  the  improvement  of 
library  services.  Appropriate  action  will 
be  taken  by  officers  of  the  Institute. 

m 


BOOTH 


STEEL  ROLLING 
SHUTTERS 


The  BOOTH  Rolling  Shutters  shown  below  are  part 
of  an  installation  of  32  Shutters,  each  8'6"  square  at 
the  New  Sufferance  Warehouse,  Montreal  for  Messrs. 
Smith  Transport  Ltd.  This  is  the  latest  repeat  order 
for  these  clients. 


JOHN  BOOTH  & SONS  (BOLTON)  LTD. 

Hulton  Steelworks,  Bolton,  England. 


Represented 
DAVID  McGILL  & SONS  LTD., 

16  St.  John's  Road,  Pointe  Claire, 
MONTREAL  33,  Que. 

HALLS  ASSOCIATES  (WESTERN)  LTD., 

1045  Erin  Street,  WINNIPEG  10,  Man, 

NORTHERN  ASBESTOS  & BUILDING 
SUPPLIES  LTD., 

125th  Avenue,  EDMONTON,  Alta. 


in  Canada  by. 

NORTHERN  ASBESTOS  & BUILDING 
SUPPLIES  (B.C.)  LTD., 

3455  Bainbridge  Avenue,  North 
Burnaby,  (VANCOUVER)  B.C. 

Full  technical  details  and  other 
information  are  contained  in  our 
Catalogue,  available  free  on  request 
from  any  of  the  above. 


"CINCH" 

ANCHORS 

''STRONGER  THAN  THE  BOLT" 


The  completely  reliable  expansion  An- 
chor manufactured  solely  in  Canada. 
Data  book  and  stress  tables  sent  on 
request. 

CANADIAN  CINCH  ANCHORING  SYSTEMS 
LIMITED 

2095  Madison  Avenue,  Montreal 
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14-day  delivery  on  any  custom,  roll-forged  flange 


(and  we  usually  do  better  than  that) 


Why  can  Canforge  make  such  a promise  . . . and 
keep  it  ? We  are  the  only  producers  of  roll-forged 
flanges  in  Canada,  and  can  make  any  flange  up  to 
80"  diameter  and  10"  hub,  and  ship  it  within  14 
days.  Other  suppliers  import  forgings.  Unless  you 
order  one  that  happens  to  be  in  stock,  you  must 
wait  until  is  is  obtained. 

From  Canforge,  you  save  time,  duty  and  exchange. 

CANADA  FOUNDRIES  & FORGINGS  LTD. 


And  you  get  roll-forged  rings  that  are  produced 
under  the  most  closely  controlled  metallurgical  con- 
ditions to  accurate  limits  of  concentricity  in  all 
grades  of  steel,  to  ASTM  and  to  TEMA  specifica- 
tions. Our  custom  ordering  kit  makes  it  easy  for  you 
to  specify  any  flange  you  are  likely  to  need.  We'll 
be  glad  to  send  you  one  with  our  compliments.  Your 
request  for  the  kit,  quotations,  or  more  information, 
will  receive  our  immediate  attention.  Write: 
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Personals 


Michael  Shayna,  m.e.i.c.  (Sask.  ’51)  has 
recently  joined  Saskatchewan  Clay  Pro- 
ducts in  Estevan,  as  quality  control,  re- 
search and  development  engineer.  Mr. 
Shayna  was  formerly  project  supervisor 
with  Angus  Buther  Engineering  Ltd., 
Regina. 

William  A.  Devereaux,  m.e.i.c.  (To- 
ronto ’37),  has  been  appointed  Manager 
of  Business  Development  at  Montreal 
Engineering  Company  Limited.  Mr. 
Devereaux  was  formerly  General  Man- 
ager of  Yarnall-Waring  Company  of 
Canada.  Mr.  Devereaux  will  be  respon- 
sible for  business  development  and  gen- 
eral client  relations. 


A.  R.  Harrington,  m.e.i.c.  (N.S.T.C.  ’36) 
has  been  elected  President  of  Nova 
Scotia  Light  and  Power  Company 
Limited.  Mr.  Harrington  was  formerly 
the  Vice-President  and  General  Manager 
of  the  company,  and  will  continue  in  his 
post  as  General  Manager. 

George  Routley  has  been  appointed 
Montreal  representative  for  Josam  Pro- 
ducts Limited  and  Jerren  Afhliated  Com- 
panies Limited.  Mr.  Routley  has  had  2.5 
years  experience  in  the  plumbing  in- 
dustry. 


James  S.  Elder  has  been  appointed 
Director  of  Advertising  and  Promotion 
for  Velan  Engineering  Ltd.  Mr.  Elder, 
an  ex-naval  engineer  brings  to  his  new 
position  several  years  experience  both  in 
the  field  of  power  engineering  and  in 
advertising. 

T.  K.  Norbury  has  been  appointed  head 
of  the  newly-created  Diamond  Drilling 
Department  within  the  Mining  Division 
of  Atlas  Copco  Canada  Ltd. 


A.  S.  Fraser,  m.e.i.c.  (McGill  ’22)  a 
Director  of  the  Nova  Scotia  Light  and 
Power  Company  Limited  since  1955,  was 
elected  Vice-President  of  the  company. 


J.  T.  Howley  J.  B.  Templeton 

J.  T.  Howley,  who  since  1956  managed 
the  electrical  engineering  department  in 
the  Windsor  office  of  Giffels  & Vallet  of 
Canada  Ltd.,  has  been  appointed  chief 
engineer  with  the  firm.  In  this  position, 
Mr.  Howley  will  co-ordinate  the  efforts 
of  engineering  personnel  at  the  firm’s 
Toronto  and  Ottawa  offices.  J.  B.  Temple- 
ton has  been  appointed  assistant  chief 
engineer.  He  is  also  head  of  the  me- 
chanical engineering  department  in 
Windsor.  S.  G.  Wilson  has  been  named 
manager  of  the  electrical  department  to 
replace  Mr.  Howley. 


M.  J.  Leddy  has  been  appointed  to  the 
newly  created  position  of  vice-president. 
Marketing  with  Canadian  Breweries 
Limited. 

Alan  A.  Kay,  m.e.i.c.  has  been  named 
operations  manager  at  Deeks-McBride 
Ltd.  Mr.  Kay  formerly  was  chief  en- 
gineer of  G.  S.  Eldridge  & Co.  Ltd.  He 
has  many  years  experience  in  heavy  in- 
dustry, consulting  and  construction.  In 
his  new  position  he  will  be  responsible 
for  the  operation  and  maintenance  of  the 
Deeks-McBride  plants,  transport  fleet 
and  quality  control  of  products.  He  will 
also  be  responsible  for  technical  services. 


H.  W.  Argent  has  been  named  Technical 
Officer,  Laminating  Division,  of  the 
Canadian  Institute  of  Timber  Construc- 
tion. Mr.  Argent  will  be  located  at  the 
Institute’s  headquarters  in  Ottawa. 

James  H.  Chipperfield,  H.  P.  Shewman, 
and  W.  T.  Wylie  have  been  appointed 
to  the  board  of  directors  of  Manitoba 
Telephones  System. 

John  M.  Hemstock  has  been  appointed 
concentrator  superintendent  and  W.  S. 
Hrynewich  assistant  concentrator  super- 
intendent at  Nforanda  Mines. 

D.  J.  MacDonald  has  been  appointed 
director  of  operations,  G.  Galibois  has 
been  named  manager,  outside  districts, 
and  M.  Methe  has  been  appointed  chief 
engineer  at  Quebec  Power  Company. 


Denis  Clements  has  been  appointed  to 
the  Board  of  Directors  of  Dexion  (Can- 
ada) Limited.  Mr.  Clements  joined  the 
company  in  1957  and  advanced  from 
Purchasing  Manager  to  full  responsibility 
for  plant  and  production. 

W.  A.  Woodcock  has  been  appointed 
Chief  Engineer  at  General  Motors  of 
Canada  Limited.  Mr.  Woodcock  joined 
General  Motors  in  1947  and  has  served 
as  Senior  Experimental  Engineer,  Truck 
Engineer  and,  since  1961,  as  Assistant 
Chief  Engineer. 

J.  W.  Dodds  has  been  appointed  general 
manager  at  Alberta  Government  Tele- 
phones. Mr.  Dodds  joined  the  depart- 
ment in  1929.  A.  C.  Head  has  been  ap- 
pointed comptroller  with  the  depart- 
ment. Mr.  Head  joined  the  AGT  in 
1917,  and  since  1959  has  been  general 
traffic  manager.  C.  L.  Keatley  has  been 
appointed  general  traffic  manager.  Mr. 
Keatley  has  been  with  the  department 
since  1929,  and  since  1950  has  been 
traffic  methods  supervisor. 

(Continued  on  page  131) 


M.  Shayna 

M.E.I.C. 


W.  A.  Devereaux 

M.E.I.C. 


W.  A.  Woodcock 
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eater  efficiency,  lower  overall  costs 


IRON  ORE  COMPANY  OF  CANADA 

Capacity:  30,000,000  btu/hr.  Design  pressure:  400  psig. 
Inlet  temperature:  250°f.  Outlet  temperature:  380°f.  Fuel: 
Oil.  Number  of  boilers:  2.  Location:  Carol  Lake  in  Western 
Labrador.  Engineers  & contractors:  Bechtel  & Company. 
Application:  Supplies  heating  and  hot  water  requirements 
for  ten  buildings  spread  over  several  acres. 


DEPARTMENT  OF  PUBLIC  WORKS 

Capacity:  40,000,000  btu/hr.  Design  pressure:  300  psig. 
Inlet  temperature:  220°f.  Outlet  temperature:  350'’f.  Fuel: 
Bituminous  coal.  Number  of  boilers:  3.  Location:  Ottawa, 
Ontario.  Consultants:  J.  Klassen  & Associates.  Application: 
Central  heating  for  ten  large  office  builditigs  spread  over 
several  acres. 


CENTRAL  EXPERIMENTAL  FARM 


Capacity:  30,000,000  btu/hr.  Design  pressure:  300  psig. 
Inlet  temperature:  225°f.  Outlet  temperature:  366°f.  Fuel: 
Bituminous  coal  or  oil.  Number  of  boilers:  3.  Location: 
Ottawa,  Ontario.  Consultants:  Wiggs,  Walford,  Frost  & 
Lindsay.  Application:  Space  heating,  domestic  hot  water 
and  steam  for  air  conditioning,  autoclaves,  sterilizers, 
pressure  cookers,  laboratory  outlets,  etc. 


MALTON  INTERNATIONAL  AIRPORT 


Capacity:  27, .500,000  btu/hr.  Design  pressure:  300  psig. 
Inlet  temperature:  220°f.  Outlet  temperature:  320°f.  Fuel: 
Oil  or  gas.  Number  of  boilers:  2.  Location:  IMalton,  Ontario- 
Consultants:  John  B.  Parker  & Associates.  Application: 
Central  heating  for  all  buildings  in  the  terminal  complc.x. 
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Canadian 

Developments 


Canada’s  first  satellite,  the  Alouette, 
was  hurled  into  space  September  29, 
at  3 a.m  , from  Vandenburg  Air  Force 
Base  near  Point  Arguello,  Calif.  The 
satellite,  34  inches  high  and  42  inches 
in  diameter,  is  a small  laboratory  de- 
signed to  study  the  density  of  electrons 
in  the  ionosphere.  ( See  The  Engineering 
Journal,  January,  1962.  ) 

The  320-lb.  Canadian-built  satellite 
rode  a Thor  Agena  B combination 
rocket  into  a nearly  circular  polar  orbit 
ranging  from  597  to  619  miles  above  the 
earth.  Its  speed  ranges  betwen  15,822 
and  15,900  miles  an  hour. 

The  new  satellite  is  circling  the  earth 
every  105.4  minutes  on  a path  inclined 
80.80  degrees  from  the  equator.  It  is 
hoped  that  by  means  of  a radio  sound- 
ing from  above,  the  satellite  will  measure 
the  concentration  of  cosmic  rays  and 
other  energebc  particles,  and  radiation 
in  space  over  most  of  the  earth  includ- 
ing the  polar  and  auroral  zones.  In 
addition  to  its  radio  sounding  trans- 
mitter, and  receiver,  the  Alouette  carries 
two  telemetry  transmitters  to  radio  its 
findings  to  eartli  on  command,  and  a 50 
milliwatt  tracking  transmitter  to  permit 
precise  location  of  the  satellite  at  all 
ttmes. 

In  its  orbit  the  Alouette  will  measure 
hour-to-hour  changes  in  the  ionosphere 
over  almost  all  of  the  globe  in  a period 
of  appro.ximately  three  months. 

The  Canadian  satellite,  part  of  the 
Defence  Besearch  Board  of  Canada’s 
Topside  Sounder  Programme,  is  under  the 
management  and  technical  direction  of 
NASA’s  Goddard  Space  Flight  Centre  at 
Greenbelt,  Md. 

The  $33  million  Nuclear  Power 
Demonstration  ( NPD  ) station  near 
Rolphton,  Ont.,  was  officially  opened 
September  25,  1962.  Built  as  a co-opera- 
tive project  by  Atomic  Energy  of  Can- 


ada Limited,  Ontario  Hydro,  and  Cana- 
dian General  Electric,  the  20,000-kilo- 
watt  plant  was  designed  to  provide  in- 
formation for  a full-scale  nuclear-electric 
power  program. 

The  NPD  is  the  world’s  first  nuclear 
power  station  to  use  the  combination  of 
natural  luanium  as  a fuel  with  a reactor 
moderated  and  cooled  by  heavy  water. 

NPD  will  not  generate  electricity  at 
competitive  cost  as  it  was  designed 
specifically  as  a pilot  project.  It  does 
produce  enough  power  to  supply  a com- 
munity the  size  of  Barrie  or  Pembroke 
The  station  is  the  culmination  of  a re- 
search program  to  discover  ways  and 
means  of  using  the  enormous  quantity  of 
heat  produced  in  a nuclear  reactor  for 
the  production  of  steam  to  drive  a 
turbo-generator  in  a power  plant. 

The  International  Atomic  E.nergy 
Agency  recently  held  a symposium  on 
inelastic  scattering  of  neutrons  in  solids 
and  liquids.  The  meeting,  held  at  Chalk 
River,  the  research  centre  having  the 
distinction  of  having  carried  out  some 
of  the  pioneering  and  most  outstanding 
work  on  this  subject,  was  attended  by 
scientists  from  16  countries. 

The  subject  of  the  symposium,  though 
highly  specialized,  had  an  important 
bearing  on  reactor  technology.  In  view 
of  the  large  number  of  research  reactors 
in  e.xistence  or  under  construction  in  dif- 
ferent parts  of  the  world,  there  is  an 
increasing  interest  in  this  field  of  re- 
search. 

Scientists  from  13  countries  and  repre- 
senting the  international  organizations 
Euratom  and  the  Joint  Institute  of  Nu- 
clear Research  in  Dubna,  USSR,  pre- 
sented 65  technical  papers.  The  meet- 
ing was  co-sponsored  by  UNESCO. 


Other  Societies 

The  Administrative  Office  of  the 
Column  Research  Council  was  trans- 
ferred to  the  University  of  Illinois  on 
September  15,  1962,  following  the  elec- 


tion in  May,  1962,  of  Edwin  H.  Gay- 
lord, Jr.,  Professor  of  Civil  Engineering 
at  the  University  of  Illinois,  as  Chair- 
man of  the  Council.  The  new  Vice- 
Chairman  is  Professor  Lynn  S.  Beedle 
of  Lehigh  University.  Terms  of  the 
offices  are  three  years. 

Secretary  of  the  Council  is  Richard 
N.  Wright,  Assistant  Professor  of  Civil 
Engineering  at  the  University  of  Illinois. 
The  Council’s  publications,  including  its 
Guide  to  Design  Criteria  for  Metal  Com- 
pression Members,  are  distributed 
through  the  administrative  office.  The 
new  address  is  206  Civil  Engineering 
Hall,  Urbana,  Illinois. 


American  Society  of  Mechanical  Engi- 
neers. Winter  Annual  Meeting.  New 
York,  Nov.  25-30. 

American  Institute  of  Electrical  Engi- 
neers. Machine  Tools  Conference. 
Detroit,  Mich.  Nov.  26-28. 

The  Iron  and  Steel  Institute.  Autumn 
General  Meeting.  London,  England 
Nov.  28-29. 

Institute  of  Radio  Engineers.  Ultrasonics 
Engineering  Symposium.  New  York, 
Nov.  29-30. 

American  Institute  of  Chemical  Engi- 
neers. 55th  Annual  Meeting.  Chicago, 
111.  Dec.  2-5. 

American  Institute  of  Mining,  Metal- 
lurgical and  Petroleum  Engineers  Inc. 
20th  Electric  Eumace  Steel  Confer- 
ence. Cincinnati,  Ohio.  Dec.  5-7. 

The  Institute  of  Physics  and  the  Physical 
Society.  Meeting  on  Mass  Spectro- 
metry. London,  England.  Decem- 
ber 19. 

Indian  Institute  of  Chemical  Engineers. 
Annual  General  Meeting.  Symposium 
on  Mass  Transfer  Operations.  Calcutta, 
India.  December,  1962. 

The  Institute  of  Physics  and  Physical 
Society.  Conference  on  Ultra  High 
Energy  Nuclear  Physics.  London,  Eng- 
land. January  7-8,  1963. 


COMING  EVENTS 


I CANADIAN  KELLOGG  ENGINEERS  AND  BUILDS 

I CANADA’S  NEWEST  ETHYLENE  PLANT 

f FOR  SHAWINIGAN  CHEMICALS  LIMITED 

AT  VARENNES,  QUEBEC 


Because  of  a desire  to  broaden  its  chemical 
activities,  Shawinigan  Chemicals  Limited  has 
embarked  upon  an  expansion  program  of  its 
facilities,  Canadian  Kellogg  has  been  chosen 
to  design,  engineer  and  construct  a new  petro- 
chemical plant  at  Varennes,  Quebec.  Con- 
struction work  is  now  starting  on  this  project, 
following  long  study  on  its  feasibility  and 


advantages.  Kellogg’s  design  will  allow  for 
wide  flexibility  in  operation  and  selection  of 
feedstocks  in  order  to  produce  ethylene,  pro- 
pylene and  other  products  basic  to  the  chem- 
ical industry. 

The  Shawinigan  Chemicals’  project  demon- 
strates the  advantages  of  efficiency  and  up- 
to-date  engineering  to  be  gained  when  full 
use  is  made  of  professional  design,  engineer- 
ing, procurement  and  construction  services. 
These  services  are  available  through  Canadian 
Kellogg.  We  welcome  your  enquiries. 


NEW  SHAWINIGAN  ETHYLENE  PLANT 

FEEDSTOCK 

Wide  range  of  naphthas  produced 
from  crude  oil.  Initially,  these  will  be 
supplied  by  The  British  American 
Oil  Company. 

PRODUCTS 

Ethylene,  propylene,  butylenes,  bu- 
tadiene, gasolines  and  fuel  oils. 

COMPLETION  DATE 

Early  1963 

KELLOGG 

RESPONSIBILITY 

Design,  procurement  of  materials, 
and  construction  of  olefin  unit,  as 
well  as  offsites,  roads,  railroad 
spurs,  buildings,  and  other  services. 
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Branch  News 


EDMONTON 

R.  J.  Allman,  m.e.i.c. 

The  Edmonton  Branch  was  host  to  the 
Zone  “A  ” Technical  Conference  held  in 
Edmonton,  September  12-14,  1962,  in 
conjunction  with  the  Sixteenth  Annual 
Canadian  Soil  Mechanics  Conference. 
More  than  170  delegates  attended  this 
very  successful  conference  held  at  the 
University  of  Alberta.  Dr.  R.  M.  Hardy, 
Soil  Engineer,  and  former  Dean  of  En- 
gineering at  the  University  was  general 
conference  chairman. 

The  first  two  days  of  the  conference 
were  devoted  to  Soil  Mechanics,  and  12 
papers  were  presented  which  dealt  with 
topics  relating  to  Soils  Engineering.  In 
addition  to  the  technical  sessions,  an 
evening  seminar,  and  various  business 
sessions  were  held. 

The  Zone  “A”  Technical  Conference 
was  conducted  on  the  third  day,  and 
six  papers  were  presented  on  topics  re- 
lating to  pipe  lines,  electric  power, 
energy  interchange  and  oilfield  reserves. 

Dr.  K.  F.  Tupper,  hon.  m.e.i.c.,  presi- 
dent of  Ewbank,  Tupper  and  Associates, 


and  past-president  of  the  Institute,  gave 
a talk  entitled,  “Wealth”  at  the  stag 
dinner  held  on  the  evening  of  September 
1.3.  Following  his  talk,  the  Calgary 
Branch  presented  a very  humorous  skit 
entitled  “Back  Page  Challenge”. 

During  the  Conference,  the  new  wing 
of  the  Engineering  Building  at  the  Uni- 
versity of  Alberta  was  officially  opened. 
The  delegates  were  conducted  on  a tour 
of  the  various  engineering  laboratories 
around  the  campus. 

KITCHENER 

W.  N.  Meikle,  m.e.i.c. 

The  Branch  opened  its  fall  season 
September  2.5  with  a social  “get 
acquainted”  evening  at  the  picnic 
grounds  of  the  Conservation  Club.  Some 
60  members  and  their  guests  attended. 
After  an  appetite-whetting  horseshoe 
competition,  dinner  was  serv'ed.  Naturally 
it  was  that  Kitchener  district  favorite 
dinner  of  spare  ribs  and  roasted  pigs 
tails.  After  dinner  two  films  in  a light 
vein  were  shown,  courtesy  Hiram  Walker 
& Sons.  Although  not  technical,  these 
meetings  once  a year  afford  an  excellent 


opportunity  to  meet  fellow  engineers 
whom  you  may  not  meet  in  the  normal 
course  of  business. 

LONDON 

W.  L.  Thompson 

On  September  27,  1962,  London 

members  participated  in  a tour  through 
Canada  Cement’s  plant  at  Woodstock. 
London  members  were  the  guests  of 
the  Woodstock  group.  A reception  fol- 
lowed the  tour. 

Summer  meetings  of  the  Branch  in- 
cluded a golf  outing  and  dinner  party 
at  the  Thames  Valley  Golf  Club  on  June 
26,  and  a tour  of  the  Timken  Roller 
Bearing  Company  in  St.  Thomas  on 
May  15.  On  April  3,  the  Branch  held 
a Technical  meeting  in  the  Engineering 
Building  at  the  University  of  Western 
Ontario.  Dr.  A.  G.  Davenport,  of  the 
University,  gave  an  interesting  talk  en- 
titled, “The  Buffeting  of  Structures  by 
the  Wind”.  His  talk  included  a film 
covering  the  destruction  of  the  Tacoma 
Narrows  Suspension  Bridge  at  Tacoma, 
Wash. 

m 


You  can’t  p wrong 
specifying  WING 
Gas  Fired  Heating 
and  Ventilating 
Equipment 

It’s  fact.  New  plant  or  old  plant  heating 
and  ventilating  modernization  needs  are 
best  handled  with  Wing  gas  fired  equip- 
ment. Proved:  high  efficiency  perform- 
ance, fuel  economy,  case  of  installation, 
service  dependability,  and  long  life  with 
low  maintenance  make  Wing  heating  and 
ventilating  equipment  first  choice  of 
most  quality  conscious  engineers.  Be 
right — always  specify  Wing. 


Write 


Gas  Fired 
Duct  Heater 
Assemblies-^ 

Six  downblow  models.  Coverage 
up  to  145'  sq.  Capacities  from 
320,000  to  1,200,000  Btu/hr. 
Mounting  heights  to  65  feet.  4 
fixed  and  4 revolving  discharge 
outlets  available.  CGA 
approved  components. 


for 

Bulletin 

«GA-61 


Gas  Fired  Fresh  Air 
Supply  Heaters 

Five  sizes.  Capacities  from 
1,500,000  to  4,500,000  Btu/hr. 
and  15,000  to  50,000  CFM. 
Horizontal  or  vertical  air 
discharge  with  wall  or  roof 
inlet.  6 fixed  and  3 revolving 
discharge  outlets  available. 


Write 
for 
Bulletin 
#GFAS-60 


MANUFACTURED 
IN  CANADA 


mnNG 


L.  J.  WING  MFG.  CO. 

Division  of  Aero-Flow  Dynamics,  Inc. 

176  WINDSOR  ST.,  MONTREAL  3,  QUEBEC 
SALES  REPRESENTATIVES  IN:  • MONTREAL  • TORONTO  • HAMILTON 
• VI/INNIPEG  . REGINA  • CALGARY  • VANCOUVER  • EDMONTON 
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ONE  OF  A KIND 
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...hot  coiled  springs 
are  our  business 


When  you  have  a spring  problem,  in  machine 
design  or  replacement,  you  can  count  on  Ontario 
Steel  Products  to  come  up  with  the  answer. 

We  will  coil  hot  wound  springs  to  your  specifi- 
cations in  bar  diameters  from  to  IJ/g"  — 
inside  spring  diameters  from  to  10"  — in 
free  lengths  up  to  30"  — all  to  ASTM  standards 
or  closer  tolerances  if  required. 

You  can  specify  bar  size,  shape  and  alloy  needs  — 
or  discuss  your  requirements  with  our  engineers. 


Springs  Shot  Peened  for  longer  life. 


Phone  or  write: 

COIL  SPRING  DIVISION 

OHTARIO  STEEL  PRODUCTS 
COMPANY  LIMITED 

OSHAWA,  ONTARIO 
33  Scott  Street,  Toronto 
407  McGill  St.,  Montreal 
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Library  Notes 


"transmission  electron  microscopy 

OF  METALS. 

The  principles,  practice,  and  applica- 
tions of  the  transmission  technique  for 
thinning  metals  are  presented.  Electron 
scattering,  diffraction,  and  contract,  and 
image  formation  serve  as  an  introduction 
to  an  account  of  the  electron  micro- 
scope and  specimen  preparation  tech- 
niques. Finally,  the  structure  of  metals 
studied  by  these  methods  is  summarized. 
Emphasis  is  on  the  laboratory  tech- 
niques of  electron  microscopy.  (Gareth 
Thomas.  New  York,  Wiley,  1962.  299p., 
$11. .50.) 

“classical  electrodynamics. 

A detailed  exposition  of  elecro- 
magnetic  theory,  the  first  half  of  which 
stresses  the  basic  unity  of  the  subject 
in  both  its  physical  and  mathematical 
aspects.  The  second  half  emphasizes  the 
electromagnetic  properties  of  particles, 
their  motions  in  external  fields,  the 
radiation  they  emit  in  collisions,  and 
their  interactions  with  one  another.  The 
.special  theory  of  relativity  is  developed 
and  used  extensively.  Discussions  of  ap- 
plications to  modern  j)hysics  include 
magnetohydrodynamics,  Cerenkov  radia- 
tion, relativistic  particle  motion,  synchro- 
tron radiation,  and  plasma  physics.  (J. 
D.  Jackson.  New  York,  Wiley,  1962. 
641p.,  $13.00.) 

“technical  report  writing. 

A manual  on  technical  report  and 
letter  writing  comprises  the  first  half  of 
this  book,  but  perhaps  more  valuable  to 
the  engineering  student  are  the  fifty 
problems  which  are  in  the  second  part. 
These  problems  are  the  data  and  rough 
notes  which  would  be  compiled  in  a 
variety  of  scientific  and  technological 
areas,  with  suggestions  on  their  organiza- 
tion into  a good  report,  following  the 
advice  in  the  first  part.  (Howard  Schultz 
and  R.  G.  Webster.  New  York,  David 
McKay,  1962.  ,3,59p.,  $3.95.) 

“elementary  kinematics  of 

MECHANISMS. 

An  introduction  to  the  analysis  and 
design  of  mechanisms,  with  emphasis  on 
the  fundamentals  of  motion  analysis  and 
mechani.sm  design  rather  than  on 
descriptive  detail.  The  author  discusses 
kinematic  terminology;  motion,  velocity, 
and  acceleration  analysis;  linkages; 
cams;  gears;  and  mechanism  trains.  (J. 
R.  Zimmerman.  New  York,  Wiley,  1962. 
290p.,  $6.00.) 


“gyrodynamics  and  its  engineering 

APPLICATIONS. 

The  first  part  of  this  work  is  concerned 
with  classical  dynamics,  and  presents 
certain  fundamental  ideas  governing  the 
moving  of  bodies  in  three  dimensions. 
The  remainder  deals  with  gyroscopic 
applications,  mainly  of  a mechanical 
nature.  Gomplete  chapters  are  devoted 
to  stabilizers,  the  gyro-compass,  rate 
and  integrating  gyroscopes,  gyro-verti- 
cals, and  gyroscopic  suspensions.  In- 
ertial navigation  is  also  discussed,  as 
are  the  whirling  of  shafts  and  aircraft 
gyrodynamics.  (R.  N.  Arnold  and  L. 
Maunder.  New  York,  Academic,  1961. 
484p.,  $14.00.) 

“elements  of  infrared  technology: 

GENERATION,  TRANSMISSION,  AND 
DETECTION. 

The  nature  of  infrared  radiation  and 
the  performance  of  infrared  components 
is  set  forth  in  a comprehensive  manner. 
Each  major  aspect  is  treated  both  de- 
scriptively and  mathematically.  Discus- 
sions are  given  on  the  signal  fluctuation 
limit  and  photon  noise  in  conventional 
detectors  and  narrow  band  quantum 
counters;  the  four  most  important  de- 
tection mechanisms;  the  behavior  of 
charged  particles  in  solids  in  relation  to 
observed  optical  characteristics  of  these 
materials;  elemental  and  imaging  infra- 
red detectors  and  infrared  optical  ma- 
terials in  use  today;  and  attenuation  by 
the  earth’s  atmosphere.  (P.  W.  Kruse 
and  others.  New  York,  Wiley,  1962. 
448p.,  $10.75.) 

“heating  and  humidifying  load 

ANALYSIS. 

This  work  deals  primarily  with  the 
accurate  determination  of  the  design 
load  necessary  for  maintaining  a selected 
temperature  and  humidity  within  a 
structure.  For  this  purpose  it  provides  a 
synthesis  of  the  engineering  techniques 
necessary  to  achieve  an  effective  and 
economic  system  design.  Climatological, 
human,  and  structural  factors  are  con- 
sidered as  well  as  the  applications  of 
thermal  engineering.  The  mathematical 
techniques  for  the  analysis  of  heat  and 
mass  transmission,  in  both  the  steady 
and  unsteady  states,  are  developed  and 
demonstrated.  In  addition,  special  prob- 
lems such  as  those  encountered  in  solar 
and  panel  heating  are  also  treated. 
Comprehensive  coverage  of  design  data 
in  convenient  tabular  form  is  included. 
(F.  W.  Hutchinson,  New  York,  Ronald, 
1962.  494p.,  $12.50.) 


“introduction  to  structural 

STABILITY  THEORY. 

The  physical  and  mathematical  foun- 
dations of  stability  analysis  of  flat  ele- 
ments, the  design  aspects  of  plate 
structures  using  optimum  design  analysis 
and  elastic  and  inelastic  stability  theory 
of  cylindrical  shells  are  presented  in 
this  book,  intended  for  use  in  a one 
semester  course.  Tangent  modulus  theory 
and  failure  mechanism  in  columns,  in- 
elastic buckling  theory  and  failure 
strength  analysis  of  plates  are  among 
the  topics  discussed.  Although  the 
author  is  a professor  of  aeronautics,  the 
material  is  basic  for  light  weight  struc- 
tures in  all  fields  of  engineering.  (George 
Gerard.  Toronto,  McGraw-Hill,  1962. 
170p.,  $7.95.) 

“higher  surveying;  VOL.  2.  principles 
and  practice  of  surveying,  8th  ed. 

The  methods  of  conducting  topo- 
graphic and  hydrographic  surveys  are 
presented.  In  this  essentially  rewritten 
and  reorganized  edition,  chapters  on 
photogrammetry  and  error  analysis  have 
been  added,  and  the  chapters  on  hori- 
zontal and  vertical  control,  aerial  sur- 
veying, astronomical  observations,  and 
measurement  of  flow  of  water  in  open 
channels  have  been  extended.  The  ma- 
terial on  hydrographic  surveying  and 
map  projections  has  been  revised  and 
condensed,  and  there  is  a folder  in  the 
back  with  U.S.  Geological  Survey  sym- 
bols and  other  map  information.  (G.  B. 
Breed  and  G.  L.  Hosmer  and  rev.  by 
A.  J.  Bone.  New  York,  Wiley,  1962. 
543p.,  $8.75.) 

“design  data  for  aeronautics  and 
astronautics. 

This  reference  work  brings  together 
information  which  has  been  either  scat- 
tered throughout  the  literature  or 
which  was  previously  unpublished.  All 
data  are  presented  in  a form  suitable 
for  analysis  and  computation.  The 
scope  of  the  work  is  suggested  by  the 
titles  of  its  subdivisions,  which  include 
atmospheric  properties,  thermodynamic 
properties  of  gases,  fluid  flow  proper- 
ties, aerodynamics,  aerothermodynamics, 
performance,  materials,  aerothermo- 
chemistry,  human  tolerances,  and  mis- 
cellaneous properties.  Gorrelated  data 
and  nondimensional  parameters  are  pre- 
sented for  the  sake  of  conciseness,  and 
graphs  are  used  whenever  it  is  desirable 
to  show  trends.  (R.  B.  Morrison.  New 
York,  Wiley,  1962.  581p.,  $18.00.) 

(Continued  on  page  90) 
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SITl'ATIONS  VACANT 
CIVIL 


STRUCTURAL  ENGINEER  — based  in 
Montreal.  For  technical  services  in  pro- 
motion of  structural  steel  in  Quebec  and 
Atlantic  Provinces.  Graduate  of  Canadian 
University  desirable.  Must  be  thoroughly 
bilingual.  Good  personality  and  steel  de- 
sign experience  required.  Car  allowance. 
Annuity.  Salary  commensurate  with  abil- 
ity. Send  full  particulars  to  CANADIAN 
INSTITUTE  OF  STEEL  CONSTRUCTION, 
338  Yonge  Street,  Toronto  1,  Ontario. 


ELECTRICAL 


ELECTRICAL  ENGINEER  — Large  inte- 
grated office  of  Architects  and  Engineers 
in  Toronto  requires  an  Electrical  Engineer 
with  minimum  of  3 years’  experience  in 
the  design  of  lighting  and  electrical  dis- 
tribution systems  to  take  charge  of  the 
electrical  design  of  large  commercial 
buildings.  Salary  will  conform  with  APEO 
recommended  schedule.  Reply  giving  full 
particulars  to  File  No.  286-V. 


MECHANICAL 


MECHANICAL  ENGINEERS— For  design 
of  mechanical  services  for  commercial  and 
industrial  buildings.  Salary  commensurate 
with  experience  (minimum  2 years),  ap- 
proximately $6,000  to  $9,009.  Reply  giving 
full  particulars  to  File  No.  288-V. 


INSTRUMENT  ENGINEER— Required  for 
one  of  our  large  newsprint  mills  in  Quebec 
to  supervise  installation  of  instrumentation 
on  new  coated  paper  machine  now  under 
construction.  Also  supervise  instrumenta- 
tion department,  train  technicians  and 
design  modifications  to  existing  equip- 
ment. Working  knowledge  of  the  two 
official  languages  will  be  an  asset.  Reply 
in  confidence  to:  Recruitment  Service 
Manager,  DOMINION  TAR  & CHEMICAL 
CO.  LTD.,  720  Sun  Life  Building,  Montreal 
2,  Quebec. 


MINING 


METALLURGICAL  ENGINEERS  — Large 
progressive  Corporation  with  subsidiary 
Companies  in  several  provinces  in  Eastern 
Canada  requires  Metallurgical  Engineers. 
Excellent  opportunities  for  advancement. 
Reply  in  confidence  to:  File  No.  292-V. 


MISCELLANEOUS 


SUPERINTENDENT  OF  BUILDINGS  AND 
GROUNDS,  BRANDON  COLLEGE.  Duties: 
To  supervise  operation  and  maintenance 
of  plant,  including  steam-heating,  ventilat- 
ing and  electrical  systems;  to  outline  and 
assign  work  of  plant  staff;  to  advise  the 
administration  on  technical  problems  and 
assist  in  the  inspection  of  new  construc- 
tion; to  keep  an  inventory  of  equipment 
and  to  requisition  services,  repairs  and 
replacements;  to  be  responsibile  for  secur- 
ity and  fire  protection;  and  to  perform 
related  duties  as  reqjuired.  Qualifications: 
Bachelor’s  degree  in  Engineering  or  Ap- 
plied Science.  Several  years  of  experience 
in  a position  of  responsibility.  Abilit.v  to 
obtain  co-operation  6f  staff,  to  deal  with 
outside  management  personnel,  to  prepare 
written  reports.  Apply  stating  salary  ex- 
pected to:  The  Bursar,  Brandon  College, 
Brandon,  Manitoba. 


WELDING  ENGINEER 

Progressive  company  requires  services  of  a Welding  Engineer  experienced 
in  both  resistance  and  fusion  welding  of  ferrous  and  non-ferrous  alloys. 
Applicant  must  be  capable  of  developing  techniques  for  the  fabrication  of 
alloy  materials  and  of  establishing  schedules  for  production  welding  to 
U.S.  Military  and  similar  specifications.  Applicant  should  also  have  a good 
knowledge  of  metallurgy  together  with  the  ability  to  perform  metallographic 
and  mechanical  testing  as  necessary. 

Reply  in  strict  confidence  with  resume  of  experience,  personal  data  and 
salary  expected  to  the  Personnel  Manager. 

BRISTOL  AERO-INDUSTRIES  LIMITED 
P.O.  Box  874  Winnipeg  1,  Manitoba 


MISCELLANEOUS  TEACHING 


ENGINEERS  AND  CHEMISTS— for  posi- 
tions in  mill  technical  control  offering 
good  opportunities  for  advancement  in 
research,  control  and  production  super- 
vision as  well  as  technical  sales.  Also  for 
mill  positions,  involving  plant  layout,  de- 
sign and  engineering  studies  alhed  to 
maintenance,  and  production  supervision. 
Our  Company  is  one  of  the  largest  in  the 
pulp  and  paper  industry  and  many  inter- 
esting careers  are  resulting  from  its  wide 
product  diversification.  Please  reply  in 
writing,  which  will  be  held  in  confidence, 
giving  details  on  education,  experience, 
and  salary  expected,  to  CANADIAN 
INTERNATIONAL  PAPER  COMPANY, 
Room  942,  Sun  Life  Building,  Montreal, 
Quebec. 


ENGINEERS  FOR  MANAGEMENT— proj- 
ect, design,  sales,  research,  development 
and  control.  Graduates  of  most  types 
and  ages  required  by  clients  of  the  Tech- 
nical Service  Council,  a non-profit,  indus- 
try-sponsored placement  service.  Write  2 
Homewood  Ave.,  Toronto  5,  Ontario  or 
1500  Stanley  Street,  Montreal  25,  Que. 
for  an  application.  There  is  no  charge  for 
work  done  on  your  behalf.  File  No. 
6648-V. 


SALES  ENGINEERS — For  pneumatic  con- 
veying and  dust  collector  field  with  chemi- 
cal, mining  and  process  industries.  Loca- 
tions: Montreal  and  Toronto.  Salary  open. 
Replies  should  include  brief  resume  of 
past  experience.  File  No.  297-V. 


AGRICULTURAL  ENGINEER  — for  re- 
search and  teaching  in  hydrology  at  East- 
ern Canadian  College.  Age  25-35,  must 
have  M.S.,  Ph.D.  preferred.  'Teaching 
limited  to  25  per  cent  during  7-month 
academic  year.  Opportunity  to  develop 
research  program  in  surface  water  hydrol- 
ogy of  rural  areas.  Applicants  should  have 
experience  in  the  application  of  modern 
statistical  methods  to  hydrologic  data. 
Position  will  be  at  Assistant  jProfessor 
rating,  or  better  for  qualified  applicant. 
Superannuation,  hospital,  medical  plans 
available.  Reply  giving  full  particulars  to 
File  No.  285-V. 


MECHANICAL  ENGINEERING  TEACHER. 

Young  Ph.D.  required  interested  in  teach- 
ing and  research  in  Thermodynamics, 
Control  Systems  or  Machine  Design,  or  a 
combination  of  them.  Appointment  at 
Assistant  Professor  level  in  July  1963.  For 
details  write  Chairman,  Mechanical  Engi- 
neering Department,  McMaster  University, 
Hamilton,  Ontario. 


DESIGN,  GRAPHICS  TEACHER  required 
for  Mechanical  Engineering  Department. 
Advanced  degrees  and  interest  in  creative 
design  and  research  desirable.  Appoint- 
ment at  Assistant  Professor  level  in  Janu- 
ary or  July  1963.  For  details  write  Chair- 
man, Mechanical  Engineering  Department, 
McMaster  University,  Hamilton,  Ontario. 
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ELECTRONIC 

ENGINEERS 


THIS  IS  A UNIQUE  OP- 
PORTUNITY to  fully  utilize 
your  present  knowledge  — 
to  expand  that  knowledge 
and  broaden  your  scope  and 
experience. 

Expansion  and  diversifica- 
tion of  product  lines  have 
made  available  positions  at 
supervisory,  senior,  and  in- 
termediate levels,  working 
on  highly  interesting 
projects. 

These  projects  involve  the 
application  of  radar,  gyros, 
servo  systems,  digital  circui- 
try, logic,  switching  and 
analogue  circuitry  on  both 
a system  and  a detailed 
basis. 

A university  degree  in  elec- 
trical engineering  or  engi- 
neering physics,  3 to  TO 
years'  experience  in  the 
electronics  field,  together 
with  a strong  desire  to 
create  and  learn  are  the 
major  prerequisites. 

You  are  invited  to  discuss 
these  positions  with  us. 
Please  forward  your  resume, 
or  telephone  for  information. 

industrial 

Relations 

Manager 

SPERRY  GYROSCOPE 
COMPANY  OF  CANADA, 
LTD. 

P.O.  Box  710  Montreol  3,  Que. 


• Library  Notes 

(Continued  from  page  84) 


“manual  of  BRITISH  WATER 
ENGINEERING  PRACTICE,  3rd  ED. 

Tliis  manual  first  appeared  in  1950  as 
the  Manual  of  British  Water  Supply 
Practice,  and  has  since  been  revised  and 
expanded  twice.  This  edition  contains 
two  entirely  new  chapters  dealing  with 
land  drainage  and  with  industrial  water. 
Extensive  additions  and  rearrangements 
have  been  made,  especially  in  those 
parts  of  the  manual  dealing  with  hydro- 
logy, with  potable  and  industrial  water 
treatment,  and  with  aqueducts,  distri- 
bution, and  services.  (Oswald  Skeated. 
Cambridge,  Heffer,  for  the  Institution 
of  Water  Engineers,  1961.  115p., 

£5.5.0.) 

“magnetic  amplifier  analysis. 

A general  approach  to  magnetic 
amplifier  circuit  analysis  is  used  in  this 
book,  based  on  the  equivalent  circuit 
and  the  block  diagram  of  the  servo  loop. 
Simple  relationships  for  calculating 
amplifier  performance  from  basic  core 
properties  are  formulated  and  related  to 
results  throughout  the  book.  Both  half- 
wave and  full-wave  amplifiers  are  dis- 
cussed, and  transient  function  genera- 
tion is  covered.  (D.  L.  Lafuze.  New 
York,  Wiley,  1962.  252p.,  $9.75.) 

“bibliography  and  abstracts  on 
thermostat  metals,  1806-1959. 

The  basis  of  this  bibliography  is  tlie 
1947  ASME  Bibliography  on  thermo- 
static bimetals,  low-expansion  alloys  and 
their  applications,  which  has  been 
brought  up  to  date  with  many  annota- 
tions from  the  Engineering  Index.  The 
arrangement  is  chronological,  with  a 
two-page  subject  index  to  the  519  ab- 
stracts containing  headings  under 
various  types  of  applications,  forms, 
iron-nickel  and  related  alloys,  testing 
and  calibration,  manufacture,  and 
mathematical  treatment.  Periodic  supple- 
ments are  planned.  (American  Society 
For  Testing  and  Philadelphia,  Materials, 
1961.  56p.,  $4.00,  s.t.p.  no.  288.) 

“mechanics  of  engineering 

STRUCTURES. 

The  statics  of  stresses  and  strains  in 
curved  and  straight  bar-type  structures 
are  presented,  with  emphasis  on  design 
methods  of  inelastic  behavior,  dynamic 
loading,  and  the  use  of  electronic  com- 
putation techniques.  The  authors  deal 
in  turn  with  statically  determinant  stress 
results  and  .stress  intensities,  elastic  dis- 
placement dealing  with  the  conjugate 
beam,  energy  methods,  indeterminate 
beams  and  collapse,  curved  structures 
using  the  equations  of  Bresse,  slope- 
deflection,  moment  distribution,  matrix 
methods,  and  frequency  analysis.  It  is 
designed  as  a text  for  advanced  under- 
graduate students.  (G.  L.  Rogers  and  M. 
L.  Causey.  New  York,  Wiley,  1962. 
428p.,  $8.50.) 


transistor  circuit  manual. 

This  handbook  covers  typical  designs 
for  general  applications  in  industrial 
commercial  and  entertainment  devices, 
and  includes  schematic  diagrams,  notes 
on  parts  values  and  component  para- 
meters, description  of  circuit  operations, 
the  modifications  of  typical  applications 
necessary  to  satisfy  specific  require- 
ments. The  circuits  covered  include 
those  for  counters,  flip-flops,  timers,  in- 
dicators, controls,  audio  amplifiers,  oscil- 
lators, radio  and  TV  circuits  and  AM 
radio  receivers.  (Allan  Lytel.  Indiana- 
polis, Sams,  1961.  255p.,  $4.95.) 

information  theory. 

This  volume  contains  the  texts  of  the 
papers  presented  at  the  Symposium  on 
Information  Theory  held  in  London  in 
I960,  together  with  the  discussion  on 
them.  The  thirty-six  papers  presented 
were  chosen  so  as  to  include  the  latest 
developments,  including  the  develop- 
ment of  adaptive  systems,  the  extension 
of  coding  theory,  and  the  development 
of  machinery  for  simulating  thought- 
like processes,  such  as  pattern  recogni- 
tion, and  reading  handwriting.  The 
papers  are  divided  into  six  sections: 
coding  and  detection  theory;  telecom- 
munications systems;  human  reaction  to 
information;  sensory  information  and 
biological  models;  learning  mechanisms; 
classification  theory,  syntactics  and  se- 
mantics. (Ed.  by  Colin  Cherry.  Toronto, 
Butterworth,  1961.  476p.,  $16.50.) 

MODERN  DICTIONARY  OF  ELECTRONICS. 

Definitions  of  more  than  10,000  words 
and  terms  are  contained  in  this  new 
dictionary,  which  also  includes  over  350 
illustrations,  and  a pronunciation  guide. 
It  covers  all  branches  of  electronics,  in- 
cluding radio,  radar,  television,  record- 
ing, etc.,  and  will  prove  most  useful  to 
all  those  connected  with  electronics  in 
any  way.  (Comp,  by  R.  F.  Graf.  Indiana- 
polis, Sams,  1962.  370p.,  $6.95.) 

INDUSTRIAL  BUILDING,  VOL.  2. 

The  thirty-six  papers  in  this  volume 
were  presented  at  the  second  Industrial 
Building  Congress  in  1961.  The  papers 
covered  a variety  of  topics,  including 
plant  location  study;  evaluating  con- 
tracts; leaseback  financing;  design  and 
construction  in  Mexico  and  Canada;  the 
effect  of  building  de.sign  on  employee 
morale  and  productivity;  lighting;  stand- 
ard costs  per  square  foot;  expansion 
problems;  estimating  costs;  company  en- 
gineering staff;  modernization;  use  of 
building  models.  (New  York,  Clapp  and 
Poliak,  1962.  203p.,  mimeog.,  $10.00.) 

FINANCIAL  POST  SURVEY  OF  OILS,  1962. 

Following  the  usual  practice,  the 
larger  part  of  the  Survey  is  devoted  to 
reviews  of  Canadian  oil  and  gas  com- 
panies, giving  for  each  address,  company 
history,  properties,  wells,  balance  sheet, 
etc.  Information  is  also  given  on  dead 
and  dormant  companies,  and  on  Cana- 
dian production  statistics,  gas  reserves, 
price  range  of  stocks,  and  refinery  ca- 
pacity, and  the  Survey  also  includes 
maps  of  oil  and  gas  areas.  (Toronto, 
Maclean-Hunter,  1962.  216p.,  $5.00.) 

(Continued  on  page  127) 
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SPARLING 


Throughout  the  world  Sparling  is  a leading  designer,  fabricator  and  erector  of  process 
equipment  in  aluminum,  steels  and  other  metals.  Pressure  vessels,  storage  bins  and 
tanks,  penstocks;  whatever  it  is  you  need.  Sparling's  talented  team  of  designers  and 
engineers  can  make  it — and  make  it  on  time!  Call  Sparling. 


SPARLING  DIVISION 


PROCOFl  LIMlITErj 


48  YONGE  STREET,  TORONTO  1,  362-7392  Edmonton  Regina  Oakville  Toronto  Montreal  Halifax 
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Industrial  Briefs 


Multi-element  Controller 


THERMOVOLT  LIMITED  has  an- 
nounced a new  multi-step  controller  with 
externally  adjustable  differential  setting. 
An  addition  to  the  fully  transistorized 
electronic  controllers  used  in  various  in- 
dustries, the  instrument  contains  two 
complete  control  circuits  with  light  beam 
pick-ups  mounted  on  the  same  set- 
point  arm.  The  Model  PEC3ID  could 
be  used  as  a differential  on-off  controller 
with  adjustable  deadband  for  motorized 
or  pneumatic  control  valves,  gas  or 
liquid,  fueled  furnaces,  or  as  a direct 
pump  control  on  pressure  vacuum  or 
refrigeration. 

CANADIAN  CHAIN  AND  FORGE  CO, 
LTD.  has  announced  the  availability  of 
an  electric  weld  copper-manganese 
alloy  steel  chain.  This  new  cliain,  made 
from  a Canadian  developed  alloy  in 
which  the  introduction  of  copper  in- 
creases resistance  to  rust,  is  being  manu- 
factured in  /2  inch  and  /i  inch  sizes.  It 
is  claimed  to  be  40%  stronger  than  tfic 
present  standard  chain.  This  chain  is 
applicable  for  sling,  boom,  marine  an- 
chor  and  conveyor  use. 

THE  30-AMPERE  NPN  silicon  power 
transistor  line  with  collector-to-emitter 
voltage  ratings  of  300  volts  has  been 
announced  by  the  Canadian  Westing- 
house  Company  Limited.  Continuous 
power  dissipation  rating  is  250  watts  and 
maximum  peak  pulse  power  dissapation 
rating  is  6000  watts.  Saturation  resist- 
ance is  less  tlian  0.037  ohms  at  20 
amperes,  and  typical  thermal  impedance 
is  0.3  degrees  C per  watt.  Maximum 
junction  temperature  is  175  degrees  C. 

A NEW  ISSUE  of  a booklet  of  steam 
tables  and  related  data  is  available  from 
Combustion  - Engineering  - Superheater 
Ltd.  The  booklet,  containing  a Mollier 
diagram  as  well  as  steam  tables  from 
0.0886  to  3206.2  p.s.i.  absolute  pressure, 
includes  a skeleton  table  of  supercritical 
pressure  valves.  Copies  of  this  booklet 
are  available  for  50  cents  from  the  above 
company  at  540  Dominion  Square  Bldg., 
Montreal. 


THE  “ZEUS”  3000  watt  A.C.  generator 
with  230  volt  three-wire  twist-lock  and 
two  115  volt  three  prong  electrical  out- 
lets is  now  available  from  Electro  Sonic 
Indu.strial  Sales  (Toronto)  Ltd.  The  7 
h.p.  four-cycle  Wisconsin  engine  has  in- 
herent voltage  and  frequency  regulation 
equipped  with  rope  start  and  manual 
choke.  Fuel  system  is  equipped  with  2/1 
gallon  tank.  Fuel  consumption  is  .25 
gallons  per  kwh.  Entire  unit  weighs  only 
180  pounds. 


Zeus  Generator 


ATLAS  COPGO  CANADA  LTD.  has 
announced  the  addition  of  two  new 
models  U22  and  U19  to  its  line  of  two- 
stage  stationary  rotary  screw  compres- 
sors. At  a discharge  pressure  of  100  psig, 
U22  delivers  1040  cfm  and  U19,  2000. 
Specific  power  consumption  for  the  U22 
is  25.2  hp/cfm  and  for  the  U19,  23.5 
hp/cfm.  Since  they  deliver  oil-free  air. 
are  easy  to  install  and  require  little 
space,  the  compressors  are  suitable  for 
such  applications  as  instrumentation  con- 
trol and  process  operations  where  no  oil 
contamination  can  be  permitted. 

AN  ALL-PURPOSE  silicone  rubber  ad- 
hesive-sealant that  requires  no  added 
catalyst  and  adlieres  to  most  materials 
without  priming,  has  been  announced  by 
Canadian  General  Electric  Company. 
The  material,  known  as  RTV-102,  cures 
at  room  temperature  to  form  a durable, 
resilient  silicone  rubber.  This  adhesive 
could  be  used  for  such  applications  as 
potting  electrical  terminal  connections, 
patching  and  repairing  silicone  rubber 
parts,  bonding  silicone  rubber  gaskets  to 
metal  surfaces,  and  sealing  and  encap- 
sulating electronic  equipment.  This  ad- 
hesive is  capable  of  withstanding  tem- 
peratures from  —75  degrees  F to  +300 
degrees  F for  extended  periods  and  up 
to  500  degrees  F for  shorter  periods. 


Microminiature  Relay 


A MICROMINIATURE  four-pole  latch- 
ing relay  with  hermetically  sealed  coils 
has  been  announced  by  Potter  & Brum- 
field Division  of  AMF  Canada  Ltd., 
Guelph,  Ont.  The  relay,  the  TL,  its  coils 
encapsulated  and  sealed  in  a separate 
metal  enclosure  within  the  case  of  the 
relay,  cannot  contaminate  the  contact 
structure  by  outgassing.  Two  Alnico 
magnets  linked  by  a magnetic  yoke  pro- 
vide positive  latching  action.  The  TL 
passes  lOOGs  shocks  with  no  contact 
opening.  Available  in  two-coil  construc- 
tion, with  a pull-in  of  250  milliwatts, 
the  TL  can  be  used  for  alternate  puls- 
ing, or  as  a differential  relay. 


Hydraulic  Pump 


A VARIABLE  DISPLACEMENT  PUMP 
having  exceptional  control  versatility, 
high  maximum  speed,  and  pressure  ca- 
pability, is  available  from  the  Weather- 
head  Company  of  Canada  Limited,  St. 
Thomas,  Ont.  This  new  pump,  an  axial 
piston  type,  the  W07,  incorporates  J.I.C. 
and  S.A.E.  specifications  for  industrial 
and  mobile  applications.  The  pump  can 
be  adapted  to  many  applications  includ- 
ing automotive,  machine  tool,  material 
handling  and  metal  fabricating  equip- 
ment. |î| 


Developments 

Information  contained  in  this 
section  has  been  obtained  from 
press  releases.  Mention  of  products 
and  services  does  not  imply  en- 
dorsement by  the  Institute. 
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NEW 


maxEEsub 


THREE-PHASE 

DISTRIBUTION 

TRANSFORMER 

for  apartments 
and  light 
industries, 
available  up  to 
600  KVA,  15  KV 


minEEsi 


SINGLE-PHASE 

DISTRIBUTION 

TRANSFORMER 

for  residential 
service, 
available  up  to 
150  KVA,  15  KV 


E-175 


A COMPLETE  LINE  FOR  PAD-MOUNTED 

DISTRIBUTION!  Fully  tamper-proof  ! • No 
safety  fence  required!  • Clean,  neat  appear- 
ance! • No  overhead  wires!  • Fully  impulse- 
tested!  • Proved  in  service  in  over  20  Canadian 
communities! 


ENGLISH  ElECTRIC 

CANADA 


DISTRIBUTION 

TRANSFORMERS 


NGLISH  electric  CANADA,  a division  of  JOHN  INGLIS  CO.  LIMITED 

SALES  OFFICES:  TORONTO  • MONTREAL  • QUEBEC  • OTTAWA  • HAMILTON  • WINNIPEG  • CALGARY  • VANCOUVER  • HALIFAX 
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Engineering  Education 

in  Canada 


The  first  part  of  a two-part  series  on 
ENGINEERING  EDUCATION  IN  CAN- 
ADA was  published  in  the  September  issue 
of  The  Engineering  Journal. 

Plans  now  call  for  the  publication  of 
part  two  in  the  JANUARY  issue.  Space 
limitations  made  it  necessary  to  divide  this 
collection  of  histories  into  a series. 


Many  significant  institutions  from  all 
parts  of  Canada  will  be  featured  in  the 
January  Journal.  It  is  not  necessary  to  point 
out  that  the  story  of  Engineering  Education 
in  Canada  would  not  be  complete  without 
them. 

On  completion  of  the  series,  it  is  planned 
to  make  available  a reprint,  without  adver- 
tising, of  the  complete  story. 


TECHNICAl  PAPERS 

FOR  THE  1963  ANNUAL  GENERA!  MEETING 


Members  are  reminded  that  they  are  invited  to  submit  papers  for  presentation  at  the  Annual 
Meeting  in  Quebec  City,  May  22-24,  1963.  Deadline  for  complete  manuscripts  is  January  31, 
1963.  (Ideal  length  is  equivalent  of  4 to  5 Journal  pages.) 

Abstracts  or  summaries  of  400-500  words  should  be  sent  without  delay  to  the  appropriate  C.T.O. 
Division  Chairman  listed  below  for  his  consideration  in  each  case: 


CIVIL  ENGINEERING:  Dr.  R.  M.  Hardy,  Hon. 
M.E.I.C.,  10214-1 12th  St.,  Edmonton,  Alta. 

BRIDGE  & STRUCTURAL:  A.  M.  Bain,  M.E.I.C., 
c/ o Dominion  Bridge  Co.  Ltd.,  P.O.  Box  280,  Mont- 
real, Que. 

GEOTECHNICAL:  Dr.  R.  F.  Legget,  M.E.I.C.,  Na- 
tional Research  Council,  Ottawa  2,  Ont. 

MINING  & METALLURGICAL:  Dr.  R.  P.  Charbon- 
nier, M.E.I.C.,  Senior  Scientific  Officer,  Dept,  of 
Mines  & Technical  Surveys,  562  Booth  St.,  Ottawa  4, 
Ont. 

CHEMICAL  ENGINEERING:  Dean  G.  W.  Govier, 
M.E.I.C.,  Faculty  of  Engineering,  University  of 
Alberta,  Edmonton,  Alta. 

MECHANICAL:  Professor  A.  R.  Edis,  M.E.I.C.,  De- 
partment of  Mechanical  Engineering,  McGill  Uni- 
versity, Montreal,  Que. 

WELDING:  (No  Chairman  appointed  as  yet — send 
papers  to  Mechanical  Division.) 


THERMAL  POWER:  D.  L.  Harris,  M.E.I.C.,  Chief 
Engineer,  Mechanical  Services  & Thermal  Division, 
Shawinigan  Engineering  Co.  Ltd.,  620  Dorchester 
Blvd.  W.,  Montreal,  Que. 

HYDRO-ELECTRIC:  J.  A.  Thomas,  M.E.I.C.,  Shawin- 
igan Engineering  Co.  Ltd.,  o20  Dorchester  Blvd.  W., 
Montreal,  Que. 

ELECTRICAL:  A.  J.  Girdwood,  M.E.I.C.,  Chief  En- 
gineer, Leland  Electric  Canada  Ltd.,  Guelph,  Ont. 

COMMUNICATIONS,  ELECTRONICS  & AUTOMA- 
TION: Professor  G.  S.  Glinski,  M.E.I.C.,  Dept,  of 
Electrical  Engineering,  University  of  Ottawa,  Ottawa, 
Ont. 

ENGINEERING  EDUCATION:  Professor  A.  Porter, 
M.E.I.C.,  Dept,  of  Industrial  Engineering,  University 
of  Toronto,  Toronto,  Ont. 

MANAGEMENT:  W.  L.  Hutchison,  M.E.I.C.,  Moffats 
Limited,  Weston,  Ont. 
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LAKEHEAD 

TECHNICAL  AND  PROFESSIONAL 
ENGINEERING  CONFERENCE 

Friday,  December  Tth,  1962 

PRINCE  ARTHUR  HOTEL 
PORT  ARTHUR,  ONT. 

PROGRAMME 

9.00  A.M.  REGISTRATION 

TECHNICAL  SESSIONS: 

Buried  Cable  Techniques 
R.  M.  Cruikshank,  M.E.I.C. 

Missile  and  Rocket  Metallurgy 
Dr.  H.  P.  Tardif 

LUNCHEON: 

Guest  Speaker,  F.  L.  Lawton,  President, 

The  Engineering  Institute  of  Canada 


TECHNICAL  SESSIONS: 

Engineering  Approach  to  Traffic 
and  Lakehead  Expressway 

A.  Harvey,  M.E.I.C. 

5.30  P.M.  RECEPTION  AND 
COCKTAILS 

DINNER: 

Guest  Speaker,  J.  W.  Holmes,  President, 
Association  of  Professional  Engineers 
of  Ontario 


CALL  FOR  PAPERS 
FOR  THE  FOURTH 

JOINT  AUTOMATIC  CONTROL  CONFERENCE 


THE  FOURTH  JOINT  AUTOMATIC  CONTROL  CONFERENCE  WILL  BE  HELD  AT  THE 
UNIVERSITY  OF  MINNESOTA  IN  MINNEAPOLIS  ON  JUNE  19-21,  1963.  PAPERS  ON  CON- 
TROL THEORY,  APPLICATIONS,  AND  COMPONENTS  NOW  ARE  BEING  INVITED. 

The  sponsoring  societies  of  the  JAAC  are  the  American  Institute  of  Chemical  Engineers  (which  has 
prime  responsibility  in  1963),  the  American  Institute  of  Electrical  Engineers,  the  American  Society  of  Mech- 
anical Engineers,  the  Institute  of  Radio  Engineers,  and  the  Instrument  Society  of  America.  Abshacts  and 
papers  may  be  submitted  through  the  member  society  headquarters  with  the  designation  “for  1963  JACC” 
or  to  the  Program  Chairman,  Professor  Otis  L.  Updike,  Department  of  Chemical  Engineering,  University  of 
Virginia,  Charlottesville,  Va.  Eai-ly  submission  is  urged.  Further  details  on  paper  submission  will  be  supplied 
after  abstracts  are  received.  The  deadline  schedule  has  been  established  to  pennit  full  preprinting  of  con- 
ference papers. 

Papers  prepared  for  the  Congress  of  the  International  Federation  for  Automatic  Control  in  Basle  may 
be  presented  also  at  the  JACC,  and  will  be  preprinted  in  abstract  only  to  confonn  with  IFAC  requirements. 
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ST.  CATHARINES,  ONTARIO 

HALIFAX  • MONTREAL.  • OTTAWA  • TORONTO  • WINNIPEG  • EDMONTON  • VANCOUVER 


Foster  Wheeler  designs  and  builds  utility,  industrial  and  marine  steam 
generators,  firing  equipment,  steam  condensers,  feedwater  heaters, 
nuclear  components,  cooling  towers,  pressure  vessels,  oil  refineries; 
chemical,  petro  chemical  and  industrial  processing  plants. 


Efficient  heat  transfer  is  assured  by  the  application  of  basic  principles 
evident  in  the  design  and  manufacture  of  all  Foster  Wheeler  equipment 
for  the  exchange  or  transfer  of  heat. 
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— COUNCILLORS— 
THEIR  RESPONSIBILITY 


I have  already  said  something  on  the  subject  of 
■“Council — What  Is  It?”  At  that  time  I attempted  to  outline 
the  role  of  Coimcil  as  a collective  organ  of  the  Institute, 
through  which  the  management  functions  of  the  Institute 
are  exercised.  At  this  time,  I wish  to  deal  with  the  respon- 
sibility of  the  individual  councillor. 

If  you  have  been  selected  by  your  Branch  as  its 
councillor,  or  one  of  them  where  your  Branch  is  entitled 
to  two  or  more  councillors,  you  have  been  chosen  as  the 
spokesman  for  your  Branch  at  the  deliberations  of  Council 
at  which  pohcies  are  developed  and  administrative  action 
taken.  At  same  time,  you  obviously  must  report  back  to 
your  constituents,  your  Branch,  on  Council’s  policies,  actions 
and  plans.  Thus  you  must  act  as  a two-way  channel  of 
commrmications  between  your  Branch  and  Council. 

As  a Coimcillor  you  have  been  honoured  by  your 
Branch.  You  are  its  senior  representative  in  the  councils  of 
Canada’s  leading  voluntary,  professional,  technical  and 
learned  society.  The  effectiveness  of  Council’s  deliberations 
and  actions  will  be  a reflection  of  the  way  you  discharge 
the  obligations  you  accepted  when  you  became  a councillor. 

What  are  your  obligations  as  a Councillor?  Some  of 
the  more  important  are; 

1.  Thoroughly  famiharize  yourself  with  what  your 
Branch  is  doing,  its  plans  for  the  coming  year,  new  develop- 
ments of  potential  value  to  other  Branches.  To  do  this  you 
must  attend  your  Branch  Executive  meetings  regularly. 
Make  sure  you  are  well  acquainted  with  Branch  activities. 

2.  Analyse  the  papers  which  come  to  you  from  Head- 
quarters. Discuss  them  with  your  Branch  Executive;  ponder 
the  consensus  of  thinking.  Develop  your  consensus  for  pre- 
sentation at  the  next  meeting  of  Council.  If  urgent,  discuss 
it  with  your  'Vice-president  and  communicate  it  to  the 
General  Secretary. 

3.  Make  yourself  thoroughly  familiar  with  Council 
decisions  and  actions,  with  the  philosophy  underlying  them. 
Then  report  back  to  your  Executive  Committee  and,  when 
desirable,  to  a Branch  meeting. 

4.  Make  yourself  thoroughly  familiar  with  the  organiza- 
tional structure  of  the  Institute.  Be  sure  you  know  the 
role  of  the  important  committees  such  as  the  Committee 
on  Technical  Operations  (CTO),  the  Committee  on  Mem- 
bership, the  Committe  on  Branch  Operations  (CBO),  the 
Publications  Committee,  the  Finance  Committee,  etc.  Learn 
how  they  function. 

5.  Familiarize  yourself  with  the  broader  aspects  of 
Institute  finances  so  you  can  inform  your  constituents  when 
asked. 

6.  Know  the  By-Laws  so  that  you  can  advise  con- 
structively when  asked. 

7.  Know  the  members  of  your  Branch  Executive.  Be 
aware  of  the  probable  line-up  of  Branch  Executive  members 
during  the  next  two  or  three  years  so  that  if  you  see  a 
situation  developing  that  is  fikely  to  not  be  in  the  best 
interests  of  the  Institute  you  can  tactfully  advise  against  it. 

8.  Remember  that  the  “Image”  of  the  Institute  is  just 
as  bright  as  the  over-all  assemblage  of  its  facets.  You,  Mr. 
Councillor,  occupy  a prominent  spot  in  that  “Image”  of 
the  Institute.  Your  facet  will  be  so  much  more  brilliant  if 
you  play  the  construetive  role  for  which  you  were  selected. 

9.  You  are  a most  important  member  of  the  manage- 
ment team.  Pull  your  weight! 
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Discyssion 

(Continued  from  page  68) 

show  a typical  circuit  which  employs  these 
devices  rather  than  transistors? 

Finally,  there  is  an  important  application 
of  the  Magnetic  Inverter  which  was  not 
mentioned  in  the  paper  (probably  because  it 
is  mainly  concerned  with  multiphase  opera- 
tion) and  that  is  that  it  can  be  used  in 
conjunction  with  a rectifier  to  “transform” 
direct  current  voltages.  The  rectangular 
waveshape,  of  course,  makes  this  very  at- 
tractive and  the  method  has  the  added 
advantage  that  the  output  voltage  is  isolated 
from  the  supply. 

Authors'  Reply 

The  question  of  reverse  conduction  in  the 
ON-transistor  of  an  inverter  is  raised  by 


Messrs.  Maine,  Moore  and  MacMartin.  Our 
subsequent  investigations  have  shown  that 
for  the  circuit  of  Fig.  18  in  the  paper 
(corrected  as  indicated  below  under  “Er- 
rata”), when  a balanced  resistive  load  is 
used,  none  of  the  transistors  are  required  to 
carry  reverse  current.  With  a little  effort 
the  reader  can  satisfy  himself  that  this  is 
so.  This  result  may  seem  a little  surprising. 
Certainly  it  is  a special  case. 

Many  situations  can  be  visualized  in 
which  reverse  current  is  required  to  flow. 
For  example,  if  only  one  phase  is  loaded 
with  resistance,  consideration  of  Figure  17 
indicates  that  reverse  current  will  flow 
during  portipns  of  each  cycle  in  the  30- 
degree,  60-degree,  120-degree  and  150-degree 
slaves  but  not  in  the  master. 

Another  simple  and  clear-cut  case  occurs 
when  a two-phase  arrangement,  such  as  the 


one  shown  in  Fig.  15  of  the  paper,  has  its 
output  windings  connected  in  series,  dif- 
ferentially, to  a resistive  load.  The  load 
voltage  waveform  then  consists  of  alternate 
positive  and  negative  pulses  with  intervals 
between  them  during  which  the  voltage  is 
zero.  The  relative  lengths  of  a pulse  and  the 
interval  between  pulses  depend  upon  the 
phase-lock  angle.  The  current  waveform  will 
be  the  same,  and  it  turns  out  that  all  load- 
current  pulses  in  the  slave  transistors  cor- 
respond to  reverse  conduction  in  these 
transistors.  Although  it  was  not  mentioned 
in  the  paper  one  of  the  disadvantages  of 
loading  the  slave  inverter  of  Fig.  6 by 
means  of  an  output  winding  is  that  reverse 
current  will  flow  in  the  master  transistors 
when  the  slave  only  is  loaded.  This  point  is 
discussed  in  some  detail  in  our  earlier 
paper.  Reference  1.  A fourth  situation  in 
which  reverse  current  is  a problem  occurs 
when  the  load  is  reactive.  In  this  case  the 
problem  can  be  visualized  by  considering 
only  a single-phase  square-wave  inverter 
with  inductive  load. 

While  within  limits  transistors  can  handle 
reverse  conduction  of  the  type  described,  a 
more  effective  way  of  dealing  with  it  is 
to  use  diode  rectifiers  shunted  across  the 
collector-emitter  terminals  so  as  to  bypass 
this  current.  In  Reference  7 this  method  was 
used  for  handling  an  induction-motor  load. 
One  of  the  authors  earlier  suggested  the 
use  of  such  diodes  as  an  aid  in  spike- 
clipping,! where  the  problem  is  not  un- 
related to  this  one.  There  is  every  reason  to 
believe  that  this  use  of  diodes  will  solve 
any  of  these  reverse-current  problems. 

That  stepped-wave  inverters  are  practical 
is  substantiated  by  the  work  of  others  as 
well.  Subsequent  to  the  presentation  of  our 
own  paper  two  papers  were  presented  at  the 
AIEE  Summer  General  Meeting  in  Denver, 
Colo.,  which  illustrate  the  extent  of  develop- 
ment work  in  this  area.2,3  While  magnetic 
self-locking  has  not  been  exploited  in  these 
other  schemes  synthesis  of  the  sinusoid  from 
a set  of  rectangular  waves  is  basic  to  all  of 
them.  Considerable  attention  has  been  di- 
rected not  only  to  the  techniques  required 
for  generating  stepped  approximations  to 
sine  waves,  but  also  to  the  development  of 
criteria  for  optimizing  these  approximations. 

In  a single-phase  inverter  the  division  of 
transistor  currents  into  load  and  magnetizing 
components  is  a division  of  convenience 
which  is  physically  meaningful.  As  in  an 
ordinary  transformer  under  load  the  mag- 
netizing current  is  not  directly  measureable. 
Thus,  using  Fig.  3 of  the  paper,  one  can 
reason  that  when  the  collector  voltage  of 
transistor  T1  is  at  the  level  XY  and  that  of 
transistor  T2  at  level  X’Y’  the  current 
carried  by  T2  is  given  by  the  horizontal 
distance  from  the  voltage  axis  to  X’.  At  this 
same  instant  the  load  current  referred  to 
the  primary  is  given  by  the  horizontal 
distance  from  the  voltage  axis  to  Y’.  Thus 
the  current  X’Y’  must  account,  in  part,  for 
the  magnetic  state  of  the  core.  Similarly  the 
current  XY  (or  really  the  current  given  by 
the  horizontal  distance  from  the  voltage 
axis  to  Y)  must  account  in  part  for  the 
magnetizing  current.  In  fact  then  XY  and 
X’Y’  together  must  account  for  the  magnetic 
state  of  the  core.  Contrary  to  the  statement 
in  the  original  printing  of  the  paper  (and  as 
noted  in  the  “Errata”  below)  the  magne- 
tizing current  is  the  sum  of,  not  the  dif- 
ference between,  XY  and  X’Y’.  Specifically 
Messrs.  Moore  and  MacMartin  raise  the 
question  of  how  point  L in  Fig.  3(a)  can 
be  located.  Our  description  falls  short  of  a 
quantitative  theory  which  can  be  used  to 
predict  the  location  of  all  points  on  the 
switching  locus.  A few  of  the  more  obvious 
ones  such  as  the  points  A and  K defined 
by  the  load-line,  point  C and  point  E can 
readily  be  predicted.  Our  explanation  does 
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however  relate  the  observed  behaviour  of 
the  transistors  during  switching  to  the  mag- 
netic state  of  the  core.  Formidable  analyti- 
cal difficulties  preclude  a complete  analyti- 
cal treatment. 

Professor  Card,  Mr.  Moore  and  Mr. 
MacMartin  have  commented  on  the  use  of 
silicon  controlled  rectifiers  as  the  switching 
elements  in  inverters.  Most  SCR-inverters 
known  to  the  authors  are  not  within  the 
class  discussed  in  the  paper.  That  is,  their 
operating  frequencies  and,  if  polyphase, 
their  phase-lock  angles  are  not  dependent 
upon  the  characteristics  of  the  inverter 
transformers.  Because  of  the  nature  of  the 
SCR  it  cannot  be  used  as  a direct  replace- 
ment for  the  transistor  in  any  of  the  circuits 
shown  in  the  paper.  As  with  a thyratron, 
the  anode-cathode  voltage  of  the  SCR  must 
be  made  negative  briefly  in  order  to  shut 
it  off  and  enable  the  control  electrode 
(gate)  to  regain  control.  Most  SCR  inverters 
use  a timing  oscillator  or  trigger  circuit  to 
drive  the  gate  electrodes  and  are  character- 
ized by  an  anode-to-anode  capacitor  and 
an  inductor  in  series  with  the  d-c  supply 
lead  which  together  make  satisfactory  com- 
mutation possible.'!  One  unusual  SCR  in- 
verter,» in  which  the  frequency  does  depend 
upon  saturation  in  the  transformer  core, 
has  been  presented  subsequent  to  the  presen- 
tation of  our  own  paper  but  prior  to  the 
time  at  which  this  note  is  being  written. 
This  inverter  was  developed  by  a group  at 
Duke  University.  In  it  a double-core  ar- 
rangement is  used  in  which  windings  simi- 
lar to  those  designated  and  Nj  in  Fig. 

1 of  our  paper  are  wound  so  that  their 
turns  link  both  cores  of  the  double-core. 
Auxiliary  windings  which,  together  with 
capacitors,  control  the  switching  in  the  in- 
verter are  placed  on  only  one  of  the  two 
cores  and  become  operative  only  when  the 
main  core  saturates.  For  further  circuit 
details  the  reference  should  be  consulted. 

Professor  Card’s  point  relating  to  the  in- 
creased power  rating  available  when  SCR’s 
are  used,  a point  to  which  reference  was 
made  in  the  introductory  portion  of  our 
paper,  is  well  taken.  Since  our  paper  was 
written  further  evidence  of  the  sort  of 
ratings  which  have  already  been  obtained  in 
this  way  has  come  to  our  attention.6.7 
These  go  as  high  as  50  kva  and  cover  a 
wide  range  of  applications  including  high- 
frequency  lighting,  ultrasonic  generators, 
and  variable-speed  synchronous  motor 
drives. 

We  have  not  experimented  with  induc- 
tion motor  loads  on  polyphase  inverters  of 
the  self-locking  class  and  hence  cannot 
comment  in  detail  upon  Professor  Card's 
suggestion  that  the  normally-unstable  lead- 
ing phase  relationship  might  be  stabilized 
with  such  a load.  We  have  some  doubt 
about  the  likelihood  of  stability  under  these 
circumstances,  but  certainly  the  prospect 
is  interesting. 

Finally,  regarding  the  relative  merits  of 
sinsuoidal  and  square-wave  power  supplies, 
we  believe  that  the  choice  must  be  deter- 
mined by  the  application.  Often  of  course 
in  commercial  work  one  must  meet  a 
specification  relating  to  harmonic  content. 
Probably  the  main  incentive  in  the  develop- 
ment of  stepped-wave  inverters  has  been 
the  need  to  meet  such  a specification  in 
an  economic  way.  There  is  probably  some 
justification  for  examining  the  reasons  why 
some  of  these  specifications  are  written 
as  they  are.  For  example  a decision  to 
accept  no  more  than  five  percent  total 
harmonic  distortion  may  be  quite  arbitrary 
and  taken  with  little  thought  to  the  real 
needs  of  the  situation.  Nevertheless,  the  use 
of  sinusoidal  waveforms  should  not  be  cast 
aside  too  lightly.  A host  of  factors  are  in- 
volved. Analytical  simplicity  should  not  be 
ignored.  Predictable  and  minimal  voltage 


stresses  during  transients  of  all  sorts  are 
factors  which  favour  sinusoids.  Radio  in- 
terference will  be  reduced  if  harmonic  con- 
tent is  minimized  and  steep  wavefronts 
avoided.  A good  discussion  of  the  effect 
of  square-wave  drive  on  a particular  load,  a 
two-phase  induction  motor,  is  given  in  Pro- 
fessor Card’s  paper  cited  as  Reference  7 
in  our  paper.  Square-wave  output  is  par- 
ticularly advantageous  of  course  when  the 
object  is  to  transform  from  one  d-c  voltage 
level  to  another,  ordinarily  higher,  level. 
Rectification  of  the  a-c  output  is  required 
in  th's  case,  and  square-wave  input  to  the 
rectifier  reduces  the  output  filtering  require- 
ments almost  to  the  point  where  they  are 
nonexistent.  This  is  the  application  cited 
by  Mr.  Moore  and  Mr.  MacMartin  in 
their  discussion. 

1.  Differential  Magnetic  Multivibrators. 

C.  H.  R.  Campling,  AIEE  Conference 


Paper  57-769,  Summer  General  Meeting, 
June,  1957,  11  pp. 

2.  Methods  for  Optimizing  the  Waveform 
of  Stepped-Wave  Static  Inverters.  P.  D. 
Corey,  AIEE  Conference  Paper  62-1147, 
Summer  General  Meeting,  June,  1962, 
7 pp. 

3.  Static  Power  Inverter  Utilizing  Digital 
Techniques  and  Harmonic  Cancellation. 
D.  L.  Anderson,  A.  E.  Willis,  C.  E. 
Winkler.  AIEE  Conference  Paper  62- 
1148,  Summer  General  Meeting,  June, 
1962,  15  pp. 

4.  Controlled  Rectifier  Manual,  First  Edi- 
tion. Canadian  General  Electric  Com- 
pany, Ltd.,  Toronto,  pp.  126-143. 

5.  A Self-Oscillating  Inverter  Using  a Satur- 
able Two-Core  Transformer  to  Turn  Off 
Silicon  Controlled  Rectifiers.  E.  T. 
Moore,  T.  G.  Wilson,  R.  W.  Sterling. 
AIEE  Transactions  Paper,  62-1029, 

(Continued  on  page  114) 


The  waterworks  operator  who  gets  this  Wallace  & Tiernan  V-notch  Chlo- 
rinator  has  taken  his  first  step  to  automatic  residual  control.  The  V-notch 
Variable-Orifice  makes  it  possible. 

This  flexible  method  of  control  permits  precise  chlorine  feed  rate  settings. 
It  allows  for  feed  rate  changes  on  signal  from  any  flow  metering  device.  The 
signal  can  position  the  V-notch  plug  or  change  the  vacuum.  Either  way,  the 
V-notch  Chlorinator  responds  instantly,  accurately. 

Coupling  this  flexibility  with  the  W&T  Residual  Recorder-Controller  puts 
automation  into  chlorination.  Residuals  are  taken  and  recorded  continuously 
. . . maintained  within  desired  limits.  The  closed-loop  system  of  flow  propor- 
tional and  chlorine  required  gives  W&T  Compound-loop  Control. 

And  Compound-loop  Control  means  lowered  maintenance,  permanent  rec- 
ords, no  waste,  round-the-clock  dependability. 

For  information,  write  Dept.  S- 153 .35 


WALLACE  S TIERMAN  LIMITED 

HEAD  OFFICE  & FACTORY:  925  WARDEN  AVENUE,  SCARBOROUGH,  ONTARIO 
MONTREAL  • HAUFAX  • WINNIPEG  - VANCOUVER 
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WATER  TREATMENT 

NEWS 


Low  Headroom  Deaerator 

For  use  where  space  is  limited 
but  requirements  are  not 


by  Ralph  Lemen 
Manager, 
Heat  Transfer 
Section 
The  Permutit 
Company 


HEADROOM  SPACE  is  often  limited  in  the 
boiler  rooms  of  industrial  plants,  institu- 
tions, hospitals,  schools,  etc.  Under  such 
conditions,  the  engineer  is  faced  with  the 
problem  of  installing  a deaerator  and  boiler 
feed  pump  within  limited  space,  yet  still 
provide  the  necessary  NPSH  (net  positive 
suction  head)  at  the  pump  intake. 

The  new  Permutit  low  headroom  deaera- 
tor is  designed  specifically  to  meet  these 
critical  space  and  headroom  requirements. 
However,  it  is  not  limited  to  any  specific 
industry.  Anywhere  space  is  of  prime  im- 
portance, the  Permutit  low  headroom  de- 
aerator offers  unsurpassed  efficiency  within 
its  capacity  range. 

It  is  available  in  capacities  from  9,000  lbs. 
per  hour  to  150,000  lbs.  per  hour.  All  stages 
of  deaeration,  including  the  preheater  sec- 
tion and  scrubber  section,  are  incorporated 
into  a compact,  horizontal  tank.  Standard 
units  vary  in  size  from  4'0"  diameter  x 3'6" 
straight  length  to  O'O"  diameter  x 20'()" 
straight  length.  Over-all  height,  including 
tank  saddle  supports  and  upper  piping, 
varies  from  6'6"  for  the  smallest  to  only  8'0" 
for  the  largest  capacities. 

Guarantee.  In  removing  dissolved  corro- 
sive gases  (such  as  oxygen  and  carbon  di- 
oxide) from  boiler  feedwater,  this  deaerator 
carries  a performance  guarantee  providing 
for  less  than  0.005  ml  per  liter  oxygen  (zero 
oxygen)  residual  in  the  effluent  water. 

Such  complete  deaeration  ensures  pro- 
tection of  feedwater  lines,  boiler  tubes, 
steam  lines,  etc.,  from  corrosion  and  pit- 
ting. It  saves  costly  boiler  retubing  and 
extensive  plant  shutdown.  Plant  fuel  costs 
are  reduced  by  recovering  heat  from  ex- 
haust steam  that  would  otherwise  be  lost  if 
the  exhaust  steam  were  discharged  to 
atmosphere. 

Though  the  Permutit  low  headroom  de- 
aerator was  introduced  only  recently,  a 
number  of  units  have  already  been  in- 
stalled. Its  rapid  acceptance  indicates 
definite  need  for  this  type  of  design. 

If  you  are  concerned  about  corrosion  of 
your  boiler  feedwater  lines,  boiler  tubes, 
etc.,  but  believe  you  do  not  have  sufficient 
space  to  install  a deaerator,  consider  this 
compact  design.  For  our  brochure  on  the 
Permutit  low  headroom  deaerator,  write 
Permutit  Company  of  Canada,  Dept.  EJ- 
112,  207  Queens  Quay  West,  Toronto  1, 
Ontario. 

PERMUTIT  COMPANY 
of  CANADA 

CALGARY,  MONTREAL,  TORONTO 
a division  of  PFAUDLER  PERMUTIT  CANADA,  LTD. 

Specialists  in  fluidics... (be  science  of  fluid  processes 


• Discussion 

(Continued  from  page  113) 


Summer  General  Meeting,  June,  1962, 

11  pp. 

6.  DC  and  AC  Power  Conversion  by  Semi- 
conductor Converters.  Edward  J. 
Duckett.  IRE  Transactions  on  Industrial 
Electronics,  vol.  IE-9,  No.  1,  May,  1962, 
pp.  48-55. 

7.  A 50-KVA  Adjustable-Erequency  24- 
Phase  Controlled  Rectifier  Inverter. 
C.  W.  Flairty.  Ibid.  pp.  56-60. 

Errata 

(Page  and  figure  numbers  refer  to  the 
original  printing  of  the  paper.) 

(1)  page  2,  column  2,  line  26 — “difference 
between”  should  read  “sum  of”. 

(2)  Eig.  18 — some  of  the  connections  in 
B-phase  and  C-phase  are  shown  in- 
correctly. Change  as  follows: 

B-phase:  Reverse  the  connections  to 

the  master,  the  60°  slave  and 
the  90°  slave. 

C-phase:  Reverse  the  connections  to 
the  90°  slave  and  the  120° 
slave. 


SELECTION  OF  DYKE  FREE- 
BOARD AND  SPILLWAY 
CAPACITY  FOR  GRAND 
RAPIDS  GENERATING 
STATION 

I.  W.  McCaig, 

Director 

F.  H.  Jonker, 

Hydraulic  Engineer 

W.  Hamilton, 

Engineer, 

H.  G.  Acres  & Company  Limited, 
Consulting  Engineers,  Niagara  Falls,  Ont. 

The  Engineering  Journal, 

November,  1962 
page  46. 

Discussion  by  : 

J.  R.  Rettie, 

Director  of  Engineering, 

Manitoba  Hydro 

Selection  of  dike  freeboard  and  spillway 
capacity  on  a project  of  this  nature  is  far 
from  an  exact  science  and  requires  sound 
engineering  judgement  in  selection  of  values 
for  parameters  used  in  calculations.  Space 
limitations  no  doubt  account  for  omission 
of  information  in  support  of  data  and  as- 
sumptions provided  in  the  paper,  much  of 
which  was  included  in  detailed  memoranda 
provided  by  the  consultants  to  Manitoba 
Hydro. 

Information  pertinent  to  the  subject  but 
not  contained  in  the  paper  includes:  rea- 
sons for  selection  of  a design  windstorm 
having  an  estimated  return  period  of  5,000 
years  compared  with  1,000  years  or  10,000 
years,  values  used  for  wind  velocities  for 
storms  of  different  durations,  the  prob- 
abilities of  experiencing  extreme  winds  from 
the  most  critical  direction  (which  was 


assumed),  the  method  used  by  Hudson  in 
calculating  wave  run-up,  the  possibility  of 
using  drawdown  to  reduce  setup  and  wave 
runup  to  combat  the  5,000  year  storm,  the 
possibility  of  using  wave  dissipating  struc- 
tures in  the  immediate  forebay  area  and 
discussion  of  spillway  dimensions  and 
powerhouse  discharge  capacity  assumptions. 

A more  complete  description  of  interpre- 
tation of  Fig.  8 would  be  desirable.  Defin- 
ition of  the  units  to  be  applied  for  the 
various  elements  in  using  the  set  up  formula 
is  required.  The  description  of  factor  D is 
omitted  entirely  and  I assume  it  represents 
the  average  depth  of  the  forebay  in  feet. 
The  value  of  C is  given  as  3.84  x 106, 
and  probably  should  be  3.84  x 10-6.  An- 
other minor  correction  is  required  for 
Fig.  6 the  vertical  scale  of  which  should 
read  “Annual  Charges  in  Hundreds  of 
Thousands  of  Dollars”. 

The  foregoing  comments  are  directed  en- 
tirely to  the  text  of  the  paper  under  dis- 
cussion. We  at  Manitoba  Hydro  have  every 
confidence  in  the  approach  used  by  our 
consultants  in  determining  dike  freeboard 
and  spillway  capacity. 


Discussion  by  : 

Dr.  A.  Brebner 
Queen’s  University 

It  is  encouraging  and  heartening  to  see 
the  authors  of  this  paper  putting  into  prac- 
tice much  of  the  work  of  the  last  decade 
on  set-up  and  wave-run-up. 

The  problem  of  set-up  due  to  wind  stress 
is  an  especially  difficult  one  at  any  time 
due  to  the  paucity  of  field  information  with 
which  to  back  up  theoretical  or  laboratory 
investigations  and  the  configuration  at  the 
junction  of  Cedar  and  Cross  Lakes  com- 
plicates the  issue  even  more.  The  step 
analysis  of  the  problem  is  undoubtedly  the 
best  way  of  arriving  at  the  most  probable 
result.  However,  due  to  the  startling  lack 
of  information  given  in  the  paper  regarding 
water-depths  and  wind  speeds  (and  their 
distribution)  the  writer  was  unable  to  even 
roughly  verify  their  calculations  using  ap- 
proximate methods  such  as  the  Zuider  Zee 
formula  or  the  Beach  Erosion  Board  Tech- 
nical Report  No.  4 (1961  edition)  method. 
The  writer  would  also  question  the  use  of 
such  an  exact  value  of  C in  formula  1. 

In  view  of  the  conflicting  values  of 
wind-stress  against  wind  velocity  measure- 
ments available  such  a degree  of  accuracy 
in  C is  questionable  since  the  relationship 
for  high  velocities  are  probably  based  on 
results  from  one  location,  namely  hurricanes 
on  Lake  Qkeechobee. 

Further,  in  arriving  at  the  values  of 
set-up  on  the  dikes  did  the  authors  con- 
sider the  seiche  effect  caused  by  the  differ- 
ence in  barometric  pressure  between  the 
two  ends  of  the  reservoir? 

With  regard  to  the  ratio  of  wind-speed 
over  water  to  wind-speed  over  land  the 
ratios  of  Hunt  have  been  sensibly  con- 
firmed by  Lemire  for  land  stations  a fair 
distance  from  the  water  but  if  the  metero- 
logical  stations  are  near  the  water  the  wind 
blowing  over  the  water  towards  the  land 
is  not  much  affected  so  that  the  ratio 
suggested  may  be  too  high. 

The  wave-height  figures  of  the  authors 
seem  quite  realistic.  The  writer  has  cal- 
culated a significant  wave-height  of  around 
seven  feet  at  a wind-speed  of  50  m.p.h. 
Since  wave  refraction  is  most  marked  in  the 
triangular  fore-bay  the  authors’  run-up 
value  seems  a very  good  design  figure. 

In  conclusion  the  writer  would  like  to 
congratulate  the  authors  on  their  treatment 
of  the  problem  and  would  only  criticize 
the  lack  of  factual  information  on  which 
they  base  their  design. 
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t Authors’  Reph' 


The  authors  understand  the  concern  of 
j Messrs.  Rettie  and  Brebner  that  much  per- 
tinent data  and  material  were  not  included 
in  the  paper.  It  is  unfortunate  that  in 
writing  this  paper,  space  only  allowed  men- 
tion of  the  highlights  of  the  investigation. 
Inclusion  of  additional  material  was  con- 
sidered, but  abandoned  when  it  was  found 
to  unduly  lengthen  the  paper  and  to  cloud 
the  main  argument. 

A misprint  in  the  value  for  the  constant 
C is  regretted.  The  correct  value  should 
be  3.84  X 10-6.  Dr.  Brebner  questions  the 
reality  of  evaluating  the  constant  C to 
three  significant  figures.  This  value  was 
derived  by  plotting  the  shear  stress  of  the 
wind  on  water  against  the  wind  velocity. 
The  plotted  values  were  obtained  from  data 
published  in  various  technical  papers,  and 
included  both  laboratory  and  field  measure- 
ments. The  line  of  best  fit  through  these 
points  was  then  determined,  and  the  con- 
stant in  this  equation  was  reduced  to  the 
nearest  round  figure.  By  inserting  this  value 
in  the  equation  for  the  wind  setup  the 
value  of  the  constant  C equal  to  3.84  x 10-6 
was  obtained. 

The  influence  of  barometric  pressures  in 
setting  up  a seiche  in  the  reservoir  was 

considered.  The  value  of  this  seiche  was 
found  to  be  less  than  that  due  to  wind 

setup.  It  would  not  be  cumulative  on  top 
of  setup  as,  due  to  the  earth’s  rotation, 
the  wind’s  direction  is  along  rather  than 
at  right  angles  to  lines  of  equal  atmospheric 
pressure. 

A realistic  evaluation  of  the  ratio  of 

wind  speed  over  water  to  wind  speed  over 
land,  was  the  most  difficult  and  also  the 
most  important  part  of  the  setup  investiga- 
tion. A number  of  meteorological  authori- 
ties were  consulted,  and  the  values  adopted 
were  considered  to  be  the  most  realistic 

for  conditions  applicable  at  Grand  Rapids. 

Figure  8,  which  indicates  the  economic 
combination  of  spillway  capacity  and  free- 
board for  various  combined  frequencies  of 
winds  and  floods  is  important  in  indicating 
the  relative  economy  of  adding  additional 
spillway  capacity  versus  increasing  the 
height  of  dykes  for  flood  storage. 

The  intersections  of  the  broken  sloping 
lines , of  this  figure  with  the  full  lines  A, 
B,  C and  D indicate,  for  various  combined 
frequencies  of  windstorms  and  floods,  the 
total  cost  of  spillway  and  freeboard.  By 
examining,  for  instance,  the  case  of  a com- 
bined frequency  of  one  in  one  thousand 
years,  it  can  be  seen  that  the  cost  of  this 
degree  of  protection  by  providing  four  spill- 
way gates  together  with  setup  freeboard 
of  4.3  feet  is  $5.9  million.  The  same  pro- 
tection could  be  provided  with  one  less 
gate  if  the  freeboard  were  increased  to 
six  feet,  but  the  total  cost  of  dikes  and 
freeboard  would  be  increased  to  $6.5  mil. 
Hon. 

Similar  trends  are  evident  with  other 
combined  frequencies  of  winds  and  floods, 
thereby  indicating  that  an  increased  height 
of  dike  for  the  provision  of  flood  storage 
alone  is  less  economic  than  providing  suf- 
ficient spillway  capacity  such  that  flood 
storage  is  kept  within  the  range  allowed 
for  extreme  setup. 

Figure  6,  Economy  of  Protection,  was 
originally  intended  to  be  illustrative  only. 
If  the  vertical  scale  reads  annual  charges 
in  hundreds  of  thousands  of  dollars,  it 
would  correspond  closely  with  the  values 
of  cost  of  spillway  and  freeboard  given  in 
figures  8 and  9. 

(Continued  on  page  116) 


For  Every  Conceivable  Service 


Your 

Safest  Buy  Is 
a POWERS 
Valve 


These  premium  quality  control  valves  are 
available  in  a full  line,  stocked  and  ready 
for  delivery  to  provide  you  with  fast  and 
reliable  service  in  the  type  and  size  you 
need.  Standard  duty  types  can  be  furnished 
as  single  seat,  double  seat,  characterized  or 
quick  opening  and  three-way  mixing  or  di- 
verting. Single  or  double  seat  and  three-way 
super  types  are  available  for  the  most  diffi- 
cult proportional  control  and  process  work. 
Other  types  include  a wide  variety  of  com- 
pact valves  for  diverting,  sequencing,  mix- 
ing and  similar  applications.  Bodies  and 
tops  are  available  in  any  combination  to 
fit  your  particular  service. 

All  Powers  Valves  are  constructed  to  the 
highest  standards:  molded  diaphragms  . . . 
precision  ground  and  corrosion  resistant 
stems  . . . Teflon* -asbestos  packing,  solid 
Teflon  packing  or  duo-seal  packless  con- 
struction . . . top  and  bottom  guiding  . . . 
plus  other  exclusive  features  that  provide 
smooth  operation,  reduce  maintenance  and 
lengthen  service-life. 

Give  us  your  requirements,  and  we’ll 
recommend  the  proper  valve.  Request  liter- 
ature for  general  information. 

*DuPonf  trademark 
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FOUNDATION  FAILURE  OF  A 
SILO  ON  VARVED  CLAY 

W.  J.  Eden,  m.e.i.c. 

M.  Bozozuk,  M.E.I.C. 

Research  Officers,  Soil  Mechanics 
Section, 

Division  of  Building  Research, 
National  Research  Council,  Ottawa 

The  Engineering  Journal,  September, 
1 962,  page  54 

Discussion  by  Dr.  G.  G.  Myerhof, 
Head, 

Department  of  Civil  Engineering, 
Nova  Scotia  Technical  College 

The  paper  represents  an  important  case 
record  and  is  probably  the  first  publication 
of  a large-scale  foundation  failure  on  varved 
clay.  In  spite  of  the  sensitive  nature  and 
relatively  low  strain  at  failure  of  this  mate- 
rial, excellent  agreement  between  the  theore- 
tical and  observed  failure  loads  has  been 
obtained  when  an  allowance  for  the  adhe- 
sion between  the  foundation  concrete  and 
soil  is  made.  Although  the  shearing  strength 
of  varved  clays  varies  with  the  inclination 
of  the  failure  plane  in  relation  to  the  direc- 
tion of  the  varves,  the  field  vane  test  results 
give  better  agreement  than  the  undrained 
compression  tests  which  may  be  affected  by 
some  sample  disturbance.  Nevertheless,  the 
maximum  laboratory  strength  would  also 
appear  to  be  in  reasonable  agreement  with 
the  estimates,  if  an  allowance  for  the  varia- 
tion of  shearing  strength  with  inclination 
between  the  varves  and  the  probable  sliding 
surface  had  been  made. 

Discussion  by 

D.  L.  Townsend,  m.e.i.c. 

Queen’s  University 

As  an  instructor  in  soil  mechanics,  it  is 
particularly  gratifying  to  read  of  cases  such 
as  this  where  the  theoretical  calculations  so 


closely  agree  with  the  actual  results  experi- 
enced in  the  field.  In  many  cases  the  design 
factor  of  safety  is  so  chosen  that  there  is 
often  little  chance  to  verify  theories  with 
any  precision  and  field  measurement.  The 
natural  soil  conditions  are  so  varied  that  one 
wonders  if  the  precise  assumptions  of  the 
classroom  are  ever  approximated  in  the  field. 

Such  a record  is  of  added  personal  interest 
in  view  of  the  varved  clay  which  was  en- 
countered at  the  site,  since  there  are  few 
case  records  with  this  type  of  soil. 

Investigations  conducted  at  Queen’s  Uni- 
versity by  Gayi  under  this  discussor’s  super- 
vision have  indicated  that  during  shearing 
there  is  a definite  movement  of  water  from 
one  layer  in  a varved  soil  to  the  other.  For 
these  tests,  artificial  varved  samples  were 
prepared  from  a slurry  using  two  different 
soils  wh’ch  had  the  properties  given  in 
Table  I.  The  strength  tests  were  conducted  at 

0.4%  strain/minute  and  the  moisture  con- 
tents measured  after  failure  with  the  appro- 
priate layer  thickness  are  given  in  Table  2. 
From  these  results  it  can  be  seen  that  a 
definte  moisture  movement  does  take  place 
between  the  layers. 

Hughes2  used  small  needles  inserted  into 
the  individual  layers  of  similar  artificial 
varved  soils  to  experimentally  verify  that  the 
moisture  movement  was  caused  by  a sub- 
stantial difference  in  pore  pressure  between 
the  layers.  In  addition,  the  mobilized  angle 
of  shearing  resistance  in  terms  of  effective 
stresses,  0',  varied  with  the  amount  of  strain 
and  the  relative  position  within  the  layer. 
Typical  results  for  one  of  the  soils  when 
tested  at  0.4%  strain/minute  are  given  in 
Table  3. 

Additional  tests  were  run  where  90%  of 
the  ultimate  total  deviator  stress  was  applied 
within  five  minutes,  and  the  needles  were 
used  to  observe  the  dissipation  or  increase 
in  the  pore  pressure  in  each  layer  and  the 
time  taken  to  reach  equilibrium  conditions. 
For  an  artificial  sample  with  a drainage  path 
of  1.5  inches,  the  time  to  reach  equilibrium 
was  90  minutes,  and  a single  test  on  a 
natural  varved  soil  which  had  a 0.3  inch 
drainage  path  took  up  to  200  minutes  to 
reach  an  equilibrium  pore  pressure  condition. 

In  addition  to  these  experimental  results, 
Kenney3  has  suggested  that  the  ratio  between 
the  coefficients  of  volume  compressibility 
and  expansibility  of  the  layers  in  the  varved 
soil  may  be  critical  for  cases  shortly  after 
construction. 


These  preliminary  results  have  been  men- 
tioned in  some  detail  since  they  have  not 
been  presented  before.  Their  purpose  is  not 
to  divert  attention  from  the  value  of  the 
paper  but  to  indicate  that  the  rate  of  strain 
may  be  of  more  than  considerable  import- 
ance for  the  shear  strength  testing  of  varved 
soils. 

A different  rate  of  testing  between  two 
tests  might  allow  more  moisture  to  migrate 
from  one  layer  to  the  other  during  the  same 
interval.  Hence  the  mobilized  effective 
stresses  could  change,  and  this  would  be 
reflected  in  different  total  stress  results 
between  the  field  vane  and  the  undrained 
triaxial  result.  Certainly  some  of  the  dis- 
crepancy will  be  due  to  sampling,  (which 
may  be  manifested  by  distortion  of  the 
layers)  but  it  is  felt  that  the  sampling  should 
not  produce  a 40%  discrepancy  between 
the  averages  of  the  two  test  methods. 

It  would  be  appreciated  if  the  authors  of 
the  paper  could  supply  additional  informa- 
tion on  such  items  as  the  rates  of  strain 
used  in  both  the  laboratory  and  field  test 
programmes.  As  an  indirect  measure  of 
possible  moisture  movement,  was  the  buldg- 
ing  of  the  triaxial  samples  confined  to  only 
one  soil  layer,  or  was  there  a uniform 
barreling  throughout  the  sample? 

Due  to  the  thinness  of  the  individual 
layers  within  the  varves  in  the  upper  strata, 
it  is  unlikely  that  the  properties  of  the 
individual  soils  in  each  layer  have  been  de- 
termined, but  it  would  also  be  interesting  to 
know  the  bulk  soil  results  for  permeability, 
coefficients  of  consolidation  and  rebound, 
and  compression  indices  for  the  soil. 
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Discussion  by  V.  Milligan,  m.e.i.c.. 
Partner,  H.  Q.  Colder  & Associates 
Ltd. 

As  good  things  are  invariably  simple,  so 
this  paper,  which  describes  the  failure  of  a 
silo  on  soft  varved  clay,  is  simple  and  well 
presented.  The  data  has  been  carefully 
assembled  by  the  authors  and  various 
mechanisms  of  foundation  shear  failure 
examined. 

If  one  assumes  that  the  annular  concrete 
foundation  ring  and  the  weight  of  silage 
resting  on  natural  ground  within  the  struc- 
ture act  in  concert,  and  the  fact  that  the 
silage  juices  which  were  observed  to  seep 
under  the  foundation  ring  and  rise  to  the 
ground  surface  did  not  reduce  clay  adhe- 
sion, then  the  bearing  capacity  formulae 
proposed  by  Skemptoni  and  Meyerhofs 
would  adequately  explain  the  failure.  These 
are  uncertainties  neglected  by  the  authors 
in  their  analyses  which  might  be  questioned. 

The  authors  have  further  illustrated  the 
value  of  in  situ  vane  testing  in  this  strati- 
fied deposit.  Similar  correlation  of  the  vane 
shear  strength  with  the  undrained  shear 
strength  as  measured  in  the  laboratory  has 
been  noted  in  the  study  of  an  embankment 
failure  on  soft  varved  clay.  This  failure  and 
some  data  relating  to  it  are  illustrated  in 
Figures  1 to  3.  It  may  be  noted  that  normal 
methods  of  analysis  for  the  failure  using  the 
undrained  shear  strength  or  0 = 0 hypothesis, 
as  one  would  apply  for  an  earth  structure  on 
a homogeneous  clay  deposit,  proved  to  be 
(Continued  on  page  118) 


TABLE  1 

Soil  Properties  of  Artificial  Samples 

Cy  Or  k 

wl  wp  Cc  Cr  cm  2/sec  cm^/sec  cm/sec 


Soil  “L” 36  18  0.22  0.02  2.0  X 10-2  8.4X10-2  4 X lO"® 

Soil  “D” 40  18  0.21  — 4.6  X 10-2  — .7  X lO"® 


TABLE  2 

Final  Moisture  Contents,  Artificial  Samples 

at  Cell  Pressure  1.4-  kgjmi- 
Assumed  Layer  Thickness  (cms) 

Initial  

m.c.  2.67  2.00  1.00  0.50 


Soil  “L” 21.0  21.4  21.9  22.7  23.9 

Soil  “D” 24.8  24.2  23.8  23.5  22.1 


TABLE  3 

Variation  in  with  Position  in  Layer,  Soil  “L” 


Percent  Strain  Maximum 

Distance  from Test 

Interface  1.5  2.0  4.2  5.8  6.7  15  Value 


0.2  inch 19°  21°  ‘26°  28°  33.5° 

1.5  inch 15°  18°  22°  26°  33.5° 


116 


THE  ENGINEERING  JOURNAL 


NOVEMBER,  1962 


«r  CENTRIFUGAL 


it’s  SHAWINIGAN 


./m 


rn/m 


V 


Centrifugally  cast  high  alloy  products 

Shawinigan's  advanced  foundry  facilities  include  both  vertical  and 
horizontal  machines.  Centrifugal  casting  facilities  for  high  alloy  bushings 
and  tubes  from  3"  to  39"  diameter  and  multiple  centrifugal  castings  of 
irregular  shapes  — all  conforming  to  ACI  or  custom  specifications. 

[SHAWINJGANI  SHAWINIGAN  CHEMICALS 

LIMITED 


600  Dorchester  Blvd.  W.,  Montreal  2,  Que. 


62  Arrow  Road  (N,  of  Sheppard  W,),  Weston,  Ont. 


1030  W.  Georgia  St..  Vancouver  5,  B.C. 
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sound  for  this  stratified  deposit.  However, 
there  is  a danger  in  the  extrapolation  of  this 
experience  to  suggest  that  the  sole  use  of 
vane  shear  tests  would  be  valid  for  all 
varved  clays.  Where  the  individual  layers  are 
thin,  of  comparable  thickness  and  of  similar 
degree  of  structure  (generally  liquidity  in- 
dices for  both  layers  close  to  1 ) then  experi- 
ence has  indicated  that  in  situ  vane  shear 
tests  give  good  agreement  with  undrained 
compression  tests  on  thin  wall  tube  samples. 
However,  where  the  layers  are  thick  and  of 
dissimilar  degree  of  structure,  no  agreement 
may  be  found.  This  point  has  yet  to  be 
studied. 

It  should  also  be  pointed  out  that  the 
liquidity  indices  given  by  the  authors  for 
the  varved  deposit,  namely  between  1.3  and 
2.0,  seem  very  high  in  comparison  with 
available  data^  for  similar  stratified  deposits 
in  Ontario.  It  is  possible  that  some  of  the 
tests  as  detailed  in  the  paper,  were  carried 
out  on  bulk  samples  rather  than  on  indi- 
vidual layers  of  the  samples  and  thus  do  not 
give  a true  indication  of  the  properties  of 
the  deposit. 
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Authors  Reply 

The  authors  appreciate  the  comments  of 
Dr.  Meyerhof,  Professor  Townsend  and  Mr. 
Milligan  concerning  the  behaviour  of  varved 
clay  under  shear  stresses.  Although  the 
excellent  agreement  achieved  in  this  case 
may  have  been  fortuitous,  the  authors  be- 
(Continued  on  page  120) 
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FIGURE  I 


Where  there’s  OIL,  you  need  NEOPRENE 


Oil  softens  and  deteriorates  most 
general  purpose  rubbers— but  not 
time-proved  Neoprene.  Prolonged 
contact  with  any  of  a wide  variety 
of  oils  has  little  or  no  effect  on 
Neoprene-or  on  its  unique  bal- 
ance of  properties. 


Where  there's  oil,  there’s  often 
heat.  Neoprene  won’t  soften  or 
melt.  There’s  also  the  hazard  of 
fire.  Neoprene  provides  a safety 
factor;  it  won’t  support  combus- 
tion. In  addition,  Neoprene  resists 
abrasion,  chemicals,  ozone,  ag- 

For  example:  Neoprene-covered  tank 
wagon  hoses  are  twisted  and  flexed  . . . 
dragged  across  rough  surfaces  ...  ex- 
posed to  oil,  grease,  and  extremes  of 
weather ...  for  years  and  years  . . . without 
loss  of  toughness  or  resiliency.  In  some 
cases, they  have  even  outlasted  the  trucks. 
For  technical  data  on  Neoprene-covered 
hose,  write  Du  Pont  of  Canada  Limited, 
Elastomers,  85  Eglinton  Ave.,  East,  Toronto 
12,  Ontario. 


ing.  Strong  sunlight  and  weather. 

It  will  pay  you  to  check  your  re- 
quirements for  a rubber  product 
or  part  against  the  properties  of 
Neoprene.  The  long-term,  all- 
around  dependability  of  Neoprene 
can  net  substantial  savings. 

NEOPRENE 

ANOTHER  RELIABLE 


ELASTOMER 
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RE-DESIGNED  SECTION  - EARLTON  EMBANKMENT 
Figure  3. 


lieve  it  demonstrates  that  the  0 = 0 analysis 
can  be  applied  to  the  rapid  loading  of  highly 
plastic  varved  clays  where  the  bulk  proper- 
ties resemble  those  of  more  uniform  clays. 

In  reply  to  the  specific  questions  raised  by 
Prof.  Townsend,  the  rate  of  strain  used  in 
the  laboratory  undrained  strength  determina- 
tions was  1%  per  minute.  The  rate  of  strain 
used  with  the  field  vane  tests  cannot  be 
definitely  stated.  Although  the  instrument 
head  is  rotated  at  6°  per  minute  during  the 
application  of  stress,  the  long  slender  torque 
rods  store  energy  which  is  released  suddenly 
when  the  soil  fails.  Hence  the  field  vane  test 
is  more  nearly  a constant  rate  of  stress  appli- 
cation than  a constant  rate  of  strain  test. 

In  the  undrained  laboratory  strength  tests, 
the  strain  at  failure  varied  considerably, 
presumably  being  related  to  the  amount  of 
disturbance  which  the  sample  had  suffered. 
A number  of  samples  failed  at  less  than 
1%  while  two  specimens  had  failure  strains 
of  greater  than  10%.  The  average  failure 
strain  for  all  the  tests  was  4.3%.  Generally, 
the  samples  from  the  upper  clay  horizon 
failed  on  one  or  more  well-defined  shear 
planes  without  noticeable  bulging.  In  the 
lower  clay  with  the  better  defined  varves, 
failure  took  place  as  Prof.  Townsend  sug- 
gests by  bulging  in  the  light  layers  which 
caused  vertical  cracks  to  develop  in  the 
more  brittle  dark  layers  due  to  the  spread- 
ing action. 

From  the  consolidation  tests  on  bulk 
samples,  the  following  results  were  obtained. 

Coefficient  of  permeability  — approxi- 
mately 1 X 10-5  cm/sec 

Coefficient  of  Consolidation^ — 0.003  to 
0.006  cm2/min 

Coefficient  of  Rebound  — 0.02  to  0.06 
cm2/min 

Compression  Index — 1.5  to  2.0,  possibly 
greater  than  2.0  for  some  tests. 


It  is  believed  that  sample  disturbance  was 
a serious  factor  in  the  undrained  laboratory 
strength  test  because  of  the  high  sensitivity 
of  the  clay.  The  sampling  was  conducted 
with  a thin-walled  fixed  piston  sampler  with 
an  area  ratio  of  about  10%.  The  samplers 
were  pushed  in  with  a single  thrust  with 
care  being  taken  to  prevent  over-driving. 
They  were  sealed  on  the  site  and  trans- 
ported by  a light  truck  from  New  Liskeard 
to  Ottawa.  In  the  light  of  recent  investiga- 
tions in  Sweden,!  the  transportation  and 
subsequent  storage  probably  contributed 
considerably  to  the  sample  disturbance  and 
to  the  decreased  strength  of  the  laboratory 
test  results. 

Mr.  Milligan  raises  the  point  of  uncer- 
tainties in  the  application  of  bearing  capacity 
theory  to  a case  such  as  this  silo.  There 
are  indeed  many  uncertainties  in  this  case. 
For  example,  the  foundation  ring  probably 
supported  a very  large  portion  of  the  load 
due  to  the  tendency  of  the  silage  to  adhere 
to  the  walls  of  the  silo;  there  was  quite  likely 
some  eccentricity  in  the  loading  and  here 
there  was  considerabl  variation  in  the  clay 
since  the  vane  tests  varied  from  500  p.s.f.  to 
170  p.s.f.  to  a depth  of  20  ft.  In  spite  of  the 
many  uncertainties,  the  bearing  capacity 
theory  has  been  reasonably  successful  as 
indicated  by  the  studies  of  several  case 
records  by  Skempton.2  Mr.  Milligan  presents 
a case  record  of  loading  on  varved  clay 
where  the  0 = 0 analysis  was  successful  for 
an  embankment  load. 

The  point  raised  by  Mr.  Milligan  concern- 
ing varved  clays  in  which  the  layers  had 
very  dissimilar  properties  is  well  taken.  It 
should  be  emphasized  in  this  case  that  the 
failure  was  probably  confined  to  the  upper, 
more  uniform  clay  and  may  not  be  indica- 
tive of  the  behaviour  of  the  lower,  more 
distinctly  varved  clay. 


The  liquidity  indices  given  in  Fig.  3 are 
for  bulk  properties.  For  the  lower  three 
samples  it  was  possible  to  conduct  tests  on 
separate  layers  and  the  results  of  these  are 
tabled  below: 

Aver  % 


118-7 

W.C. 

L.L. 

P.L. 

P.l.  L.I.  Clay 

Bulk 

118-7 

65.2 

51.1 

22.8 

28.3 

1.8 

73 

Light  layers 
118-7 

43.6 

36.7 

20.9 

15.8 

1.4 

54 

Dark  layers 
118-8 

73.4 

65.2 

25.6 

39.6 

1.2 

93 

Bulk 

118-8 

51.6 

35.8 

20.6 

15.2 

2.0 

50 

Light  layers 
118-8 

32.4 

28.9 

20.4 

8.5 

1.4 

33 

Dark  layers 
118-9 

72.5 

60.4 

25.8 

34.6 

1.35 

87 

Bulk 

118-9 

50.3 

37.3 

20.5 

16.8 

1.8 

50 

Light  layers 
118-9 

31.7 

28.9 

22.0 

6.9 

1.4 

32 

Dark  layers 

75.6 

60.0 

25.2 

34.8 

1.4 

86 

It  can  be 

seen 

that 

when 

tests 

are 

con- 

ducted  on  separated  layers  the  liquidity  in- 
dices of  the  separate  layers  are  of  the  same 
order.  The  table  further  indicates  that  tests 
on  bulk  samples  of  varved  clay  can  be 
somewhat  misleading. 
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FM  MULTIPLEXING  FOR  STEREO. 

In  1961  the  FCC  in  the  United  States  announced  its 
stereo  broadcasting  standards.  This  volume  is  for  those 
interested  in  adapting  receivers  to  receive  FM  stereo  broad- 
casting. It  is  a guide  to  the  principles  of  FM  stereo  multi- 
plexing, the  theory  and  operation  of  the  various  receiver 
circuits  and  the  alignment  and  ser\icing  of  units.  (Leonard 
Feldman.  Indianapolis,  Sams,  1962.  160p.,  $2.50.) 

SYMPOSIUM  ON  ELECTRIC.YL  CONDUCTIVITY  IN  ORGANIC  SOLIDS. 

This  symposium,  held  in  1960,  was  sponsored  by  depart- 
ments of  the  U.S.  Anny,  Navy  and  Air  Force.  The  28 
papers  presented  covered  such  topics  as:  charge-transport 
processes  in  organic  materials;  photoelectric  properties  of 
semiconducting  organic  dyes;  aromatic  hydrocarbons;  an- 
thracene molecular-orbital  theory  and  crystals;  dispersion 
forces  in  molecular  crystals;  ionic  organic  photoconductors; 
chemical  aspects  of  semiconductive  compounds;  semi- 
conductive  properties  of  molecular  complexes.  (Ed.  by  H. 
Kallmann  and  M.  Silver.  New  York,  Wiley/Interscience, 
1961.  398p.,  $12.50.) 

'proceedings  OF  THE  WESTERN  CONFERENCES  ON 
PRESTRESSED  CONCRETE  BUILDINGS. 

This  volume  contains  papers  presented  at  the  two  Western 
Conferences  on  Prestressed  Concrete  Buildings  held  in 
November,  1960  at  Los  Angeles  and  San  Francisco,  Cali- 
fornia. The  papers  and  the  panel  discussions  place  particu- 
lar emphasis  on  recent  developments  in  the  industry  and  on 
solutions  to  problems  worked  out  by  architects  and  engi- 
neers with  wide  experience  in  prestressed  concrete  applica- 
tions. They  discuss  structural  and  architectural  integration 
and  coordination  in  prestressed  concrete  design;  types  and 
uses  of  precast  prestressed  members;  design  of  joints  and 
connections  in  precast  and  prestressed  concrete  structures; 
construction,  inspection,  and  maintenance  of  prestressed 
concrete;  economics  and  applications  of  precast  prestressed 
concrete.  (Ed.  by  T.  Y.  Lin  and  J.  W.  Kelly.  New  York, 
Gordon  and  Breach,  1962.  322p.,  $12.50.) 

DICTIONNAIRE  CANADIEN THE  CANADIAN  DICTIONARY. 

The  first  dictionary  designed  specifically  for  translation 
and  understanding  between  Canada’s  two  official  languages, 
the  volume  not  only  contains  all  the  words  found  in  Euro- 
pean dictionaries  of  comparable  size,  but  also  includes 
words,  phrases,  and  concepts  w'hich  are  uniquely  Canadian. 
The  peculiarly  Canadian  words  are  clearly  indicated,  and 
it  is  also  noted  when  Canadian  usage  differs  from  European. 
It  establishes  a standard  Canadian  spelling  for  both  French 
and  English. 

The  dictionary  was  compiled  at  the  Lexicographic  Re- 
search Centre  of  the  University  of  Montreal.  It  will  prove 
to  be  an  essential  reference  volume  in  all  Canadian  offices, 
libraries  and  homes.  (Ed. -in-chief  Jean-Paul  Vinay.  Toronto. 
McClelland  and  Stewart,  1962.  862p.,  $5.95.) 

(Continued  on  page  128) 
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THOMSON  ELECTRICAL  WORKS  LTD. 


QUEBEC  • MONTREAL  . SHERBROOK3 
A Canadian  Company 


GREATER 

HEAT 

EXCHANGE 

SMOOTH  FIN 
COILS 


Now,  higher  air  velocities  ore 
obtainable  that  permit  greater 
heat  output  — in  less  space. 

The  development  of  VAPOR 
SMOOTH  FIN  coil  permits  up  to 
1 4 fins  per  inch  of  tubing.  It 
reduces  turbulence  and  resistance 
that  previously  affected  the 
total  output  of  a heat  exchanger. 
A great  deal  of  clogging  is 
eliminated  in  the 
Smooth  Fin  coil  resulting  in 
lower  cleaning  and  maintenance 
costs  and  higher  overall 
efficiency. 

Consult  Vapor  when  considering 
the  use  of  continuous  helical 
fin  heat  exchange  coils,  and 
specify  Vapor  with  confidence. 
Over  20  years  experience  in  the 
manufacture  of  this  type  of 
equipment. 


Write  for  catalogue  containing 
complete  technical  data. 
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Can  IDB  help 
finance  your 
business? 


TELLS  YOU  HOW 


If  you  are  engaged  in  a business — or  if  you 
plan  to  start  one — and  required  financing  is 
not  available  elsewhere  on  reasonable  terms  and 
conditions,  you  are  invited  to  discuss  your 
needs  with  the  Industrial  Development  Bank. 

For  further  information,  write  for  this  de- 
scriptive booklet,  visit  an  IDB  office,  or  consult 
your  auditor,  lawyer  or  chartered  banker. 

tlllIÉ 

INDUSTRIAL  DEVELOPMENT  BANK 

Branches:  ST.  JOHN’S,  Nfld.  . HALIFAX.  N.S.  . SAINT  JOHN,  MONCTON, 
N.B.  . QUEBEC,  TROIS-RIVIERES , MONTREAL,  P.Q.  . OTTAWA,  TORONTO, 
HAMILTON,  KITCHENER-WATERLOO,  LONDON,  SUDBURY.  FORT  WILLIAM- 
PORT  ARTHUR,  Ont.  • WINNIPEG,  Man.  . REGINA.  SASKATOON,  Sask. 

. CALGARY,  EDMONTON,  Alta.  . KELOWNA,  VANCOUVER,  VICTORIA,  B.C. 


• Library  Notes  (Continued  from  page  127) 

AVIATION  ELECTRONICS  HANDBOOK. 

A practical  handbook  for  aircraft  owners,  pilots,  techni- 
cians and  engineers,  this  text  discusses  the  design,  operation, 
and  maintenance  of  automatic  direction  finders,  distance- 
measuring equipment,  omnirange,  ATC  transponders, 
weather  radar,  communications  and  instrument  landing 
systems,  etc.  It  also  covers  the  aviation  frequency  spectrum, 
equipment  standardization  and  installation,  and  shop  facili- 
ties and  regulations.  (K.  W.  Bose.  Indianapolis,  Sams,  1962 
224p.,  $4.95.) 

^SYSTEMS  PHILOSOPHY. 

This  addition  to  the  International  Series  in  Space  Tech- 
nology is  intended  to  provide  a discussion  of  the  key  points 
and  probable  trends  in  systems  technology,  to  make  them 
intelligible  to  management  and  to  furnish  a general  survey 
of  the  subject  for  the  scientific  community.  All  technical 
details  have  been  relegated  to  the  fifteen  appendices  which 
comprise  the  greater  portion  of  the  book.  Many  of  the 
examples  have  been  drawn  from  the  area  of  airborne  control 
systems.  (D.  O.  Ellis  and  F.  J.  Ludwig.  Englewood  Cliffs, 
Prentice-Hall,  1962.  387p.,  $13.00.) 

THE  AGADIR,  MOROCCO,  EARTHQUAKE,  FEBRUARY  29,  1960. 

This  book  was  written  to  provide  the  architect  and 
structural  engineer  with  knowledge  on  how  to  design  struc- 
tures—bridges,  buildings,  towers,  dams— to  withstand  the 
stresses  and  strains  caused  by  the  earth’s  upheavals.  The 
type  and  nature  of  the  damage  sustained  by  Agadir  is 
recorded  and  illustrated  to  aid  in  the  understanding  of 
the  dynamic  characteristics  of  seismic  forces.  (Committee  of 
Structural  Steel  Products  of  American  Iron  and  Steel  Insti- 
tute. New  York,  American  Iron  and  Steel  Institute,  1962. 
flip.  ) 

(Continued  on  page  132) 
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Personals 

(Continued  from  page  76) 

K.  W.  McGrail  has  been  appointed  As- 
sistant General  Manager  at  Nova  Scotia 
Light  and  Power  Company  Limited.  Mr. 
McGrail  was  formerl>’  As.sistant  to  the 
General  Manager.  F.  M.  Covert,  Q.C. 
was  elected  a Director  of  the  company. 

James  F.  Mills,  m.e.i.c.  (Man.  Agree.) 
has  been  named  chairman  of  the  board 
and  general  manager  of  utility  at  Mani- 
toba Telephone  System.  Mr.  Mills  has 
had  36  years’  e.vperience  in  the  com- 
munications industry. 

J.  Stuart  Anderson,  m.e.i.c.  (Man.  ’55) 
deputy  minister  of  mines  and  natural 
resources,  has  been  named  vice-chairman 
of  the  board  at  Manitoba  Telephone 
System. 

R.  E.  Young,  M.E.I.C.  has  been  appointed 
assistant  general  manager  of  Alberta 
Government  Telephones.  Mr.  Young  has 
been  with  the  department  since  1926. 

He  has  been  chief  engineer  since  1961. 

Major  B.  Yai'ymowich,  m.e.i.c.  (Toronto 
’49)  who  was  formerly  employed  by  the 
Directorate  of  Equipment  Policy,  (DEP), 
has  recently  been  appointed  the  RCEME 
member  of  the  newly-formed  Army  Tac- 
tics and  Organization  Board  at  Camp 
Petawawa,  Ont. 

Roger  V.  Pierce  has  been  elected  Presi- 
dent of  the  American  Institute  of  Min- 
ing, Metallurgical,  and  Petroleum  En- 
gineers. Edward  G.  Fox  has  been  elected 
President  of  the  Society  of  Mining  En- 
gineers. The  Society  is  a constituent  of 
the  AIME. 

A.  J.  Chadillon  has  been  appointed  re- 
finery superintendent  at  the  Quebec 
Lithium  Corporation.  Mr.  Chadillon 
joined  the  corporation  in  May  1962.  He 
was  formerly  associated  with  Desjardins 
and  Sauriol,  Consulting  Engineers. 

B.  Bernholtz  has  been  appointed  as- 
sociate professor  in  the  Department  of 
Industrial  Engineering  at  tlie  University 
of  Toronto.  Mr.  Bernholtz  was  associated 
with  the  Hydro-Electric  Power  Com- 
mission of  Ontario  since  1953  where  he 
was  Mathematician,  Operations  Research 
Group. 

J.  W.  Smith,  M.E.I.C.  (U.B.C.  ’31)  has 
been  appointed  assistant  professor  in  the 
Department  of  Chemical  Engineering  at 
the  University  of  Toronto.  Mr.  Smith, 
who  was  an  Athlone  Fellow  at  Imperial 
College,  London,  has  been  on  the  staff 
at  the  University  of  British  Columbia. 

Lawrence  R.  Weselake  has  been  ap- 
pointed Contract  Maintenance  Sales  En- 
gineer for  the  Sparling  Division  of  Pro- 
cor  Limited.  Mr.  Weselake  will  be 
responsible  for  expansion  of  the  contract 
maintenance  and  inspection  programme 
which  Sparling  offers  to  refineries  and 
general  industry. 
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EIC  CERTIFICATE  OF 
ADVERTISING  MERIT 


The  Phillips  Electrical  Company  is  cur- 
rently running  a series  of  advertisements 
featuring  full  colour  action  photographs 
showing  the  Company’s  products  or  serv- 
ices in  action.  On  indication  of  its  effec- 
tiveness is  the  fact  that  one  of  them  has 
won  The  Journal’s  Monthly  Award  for 
August,  1962. 

The  advertisement  is  simply  and 
cleanly  laid  out.  The  bleed  photo  shows 
a stockroom  scene  in  a Phillips  local 
warehouse  shipping  room,  carefully  but 
rather  convincingly  staged  to  show  a 
busy  expediter  getting  a busy  lift-truck 
operator  to  pick  up  some  supplies  from 
a colourfully  busy  stock  area.  The  head- 
ing, “In  a hurry?  . . . phone  Phillips” 
spells  it  out,  while  a brief  copy  block 
reassures  the  reader  that  rush  orders  get 
special  treatment. 

The  advertising  of  Phillips  Electrical 
Company  Limited  is  under  the  direction 
of  Mr.  A.  M.  Antliff.  The  winning  ad- 
vertisement was  produced  by  the  Toron- 
to office  of  the  Heggie  Advertising  Co. 
Ltd.,  Mr.  Jack  Heggie,  account  e.xecu- 
tive. 


Each  month  a different  panel  of  fifty  Journal  readers  from  across  Canada  is  asked 
to  nominate  an  award-winning  ad  of  their  choice  from  the  viewpoints  of  ACCU- 
RACY—INFORMATION— ATTRACTION. 


• Library  Notes 

(Continued  from  page  128) 


PLASTICS  PROGRESS,  1961. 

The  International  Plastics  Convention 
held  in  London  in  1961  was  concerned 
with  recent  developments  in  thermo- 
plastics. Polyolefines,  vinyls,  and  poly- 
styrenes were  discussed,  and  technical 
advances  and  commercial  aspects  for 
each  described.  The  text  is  based  on  the 
papers  given  at  the  meeting  and  the 
discussions  are  also  included.  Four 
papers  dealt  with  the  processing  of 
tliermoplastics,  and  covered  develop- 
ments in  single-screw  injection  molding; 
bottle  blowing  techniques;  develop- 
ments in  extrusion  practice;  advances  in 
equipment  for  manufacturing  plastic 
film.  (Ed.  by  Phillip  Morgan.  London, 
Iliffe,  1962.  181p.,  65/-.) 


THEORIE  ELECTRONIQUE  DE  LA  CATALYSE 
SUR  LES  SEMI-CONDUCTEURS. 

The  author,  a professor  at  the  Uni- 
versity of  Moscow,  gave  a course  in 
Paris  in  1960  on  the  fundamental  prin- 
ciples of  the  theory  that  semi-conduc- 
tors are  the  most  important  class  of 
catalysts.  This  text  is  based  on  that 
course,  and  covers  the  electronic  theory 
of  catalysts;  different  types  of  absorp- 
tion, chemisorption;  the  catalytic  activity 
of  semi-conductors;  surface  and  internal 
inter-action  in  a semiconductor;  correla- 
tion between  catalytic  activity  and 
electric  conductibility,  etc.  (T.  Wolken- 
stein.  Paris,  Masson,  1961.  150p.,  30NF.) 


INSTRUMENT  BALL  BEARINGS. 

The  fourth  in  a series  of  surveys  on 
instrument  parts,  this  volume  deals  with 
small  precision-grade  ball  bearings  used 
in  instruments  and  other  light  apparatus. 
The  series  attempts  to  list  all  available 
published  material,  in  all  languages,  and 
includes  144  references.  The  topics  cov- 
ered in  the  survey  are:  types  of  bear- 
ings; tolerances;  internal  clearance  and 
yield  of  ball  bearings;  performance; 
handling  and  mounting;  elimination  of 
.shaft  play;  lubrication;  load  capacity  and 
life.  (P.  J.  Geary.  Chislehurst,  Kent, 
British  Scientific  Instrument  Research 
Assoc.,  1961.  73p.,  23/6.) 


THE  WORLD  ALMANAC,  1962. 

As  always,  a vast  amount  of  informa- 
tion is  crammed  into  the  Almanac,  from 
the  A.A.U.  champions  to  the  Yellow- 
hammer  State,  taking  in  on  the  way 
such  items  as  the  consumption  of  bev- 
erages, Father’s  Day,  units  of  mass,  and 
Roman  numerals.  Information  on  Canada 
is  included.  In  general  the  emphasis  is 
on  the  U.S.,  although  some  information 
on  the  rest  of  the  world  is  included. 
However,  the  Almanac  will  answer  an 
amazing  number  of  questions.  (Ed.  by 
Harry  Hansen.  New  York,  World-Tele- 
gram, 1962.  896p.,  $1.50.) 
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Consulting  Services 


RIPLEY,  KLOHN  & LEONOFF 

LTD. 

Consulting  Engineers 


Soil  Mechanics  and 


Foundations 

1930  WEST  BROADWAY  VANCOUVER  9,  B.C. 

S.  E.  M.  PROSPECTING  LIMITED 

Depth  to  bedrock  determination  by  the 

SEISMIC  REFRACTION  METHOD 

for 

Dam  and  Power  Station  locations:  Rock  Tunnels: 
Harbour  Constructions  and  Canals:  Larger 
Building  Sites,  etc.,  etc. 

506  St,  Catherine  Street  E.,  Montreal  24 
Phone:  Victor  9-9252 


Stadler,  Huxter 

& Company 


ENGINEERS 

Municipal,  Commercial,  Industrial, 
Process  and  Power,  Engineering  ^ 
and  Design. 

1501  St.  Catherine  Street  West,  Montreal 

NEW  YORK  • MEXICO  CITY  • PARIS  • ZURICH 


SWAN,  WOOSTER  ENGINEERING  CO.  LTO. 

CONSULTING  ENGINEERS 

HARBOUR  WORKS  • INDUSTRIAL  PLANTS  • BRIDGES 
HYDRO-ELECTRIC  • STRUCTURAL  DESIGN 

Surveys  • Reports  • Design  • Supervision 

1334  W.  Pender  St.  520  S.W.  Yamhill  St.,  1685  Third  Ave., 

Vancouver  5,  B.C.  Portland  4,  Oregon.  Princo  George,  B.C. 


B.  B.  TORCHINSKY  & ASSOCIATES  LTD. 

PROFESSIONAL  CONSULTING  ENGINEERS 

• Foundation  Site  Investigations  • Highway  Design  & Inspection 

• Materials  Testing  Laboratory  • Asphalt  Mix  Designs 

• Concrete  Testing  & Inspection 
Drilling  Rigs  Located  Throughout  Western  Canada 

HEAD  OFFICE 

SASKATOON,  SASKATCHEWAN 
121  - lOSth  ST.  EAST 

REGINA  EDMONTON  WINNIPEG 


UNDERWOOD  McLELLAN  & ASSOCIATES  LTD. 


SASKATOON  . WINNIPEG  • CALGARY  . REGINA 


VANCE,  NEEDLES,  BERGENDOFF  & SMITH,  LTD. 

CONSULTING  ENGINEERS 

EXPRESSWAYS  * BRIDGES  • AIRPORTS 

Location  and  Cost  Studies,  Designs,  Plans,  Specifications 
Supervision  of  Construction 

35  SPRINGBANK  AVE.  WOODSTOCK,  ONTARIO 

W.  L.  WARDROP  & ASSOCIATES 

(Management)  Ltd. 

ENGINEERING  CONSULTANTS 

Design  and  Inspectional  Services  for 
Municipal,  Structural,  Mechanical 
and  Electrical  Engineering  Projects. 

456  Notre  Dame  Avenue,  47  N.  Cumberland  Street, 

Winnipeg  2,  Manitoba.  Port  Arthur,  Ontario 


THE  WARNOCK  HERSEY  COMPANY  LTD. 

Consulting,  Inspection,  Expediting, 
Testing. 

Mechanical,  Electrical,  Civil  Inspections  • Soil  Mechanics 
and  Site  Investigations  • Chemical  and  Physical  Tests  e 
X-Ray  and  Ultrasonic  Examinations  • Research  • Industrial 
Appraisals  and  Surveys  e Expediting. 

Head  Office:  128  Elmslie  Street,  Montreal  32,  P.Q. 

Branch  offices:  St.  John's,  Nfld.,  Sydney,  Halifcix,  Trenton, 
N.S.,  Saint  John,  N.B.,  Montreal,  Ottawa,  Peterborough, 
Toronto,  Hamilton,  London,  Windsor,  Sault  Ste.  Marie, 
Wiimipeg,  Regina,  Edmonton,  Vancouver. 


WIGGS,  WALFORD,  FROST  & 
LINDSAY 

Consulting  Engineers 


INDUSTRIAL  SURVEYS,  REPORTS  AND  APPRAISALS 
CIVIL,  ELECTRICAL  AND  MECHANICAL  ENGINEERING 
DESIGNS,  SPECIFICATIONS  AND  SUPERVISION 


TORONTO  MONTREAL  OTTAWA 

Hudson  1-6496  HUnter  1-7741  CEntral  6-5371 


WOOD,  McADAM  & MAGOR 

Consulting  Engineers 

STRUCTURAL  - MECHANICAL  - ELECTRICAL 
DESIGNS,  SPECIFICATIONS  and  SUPERVISION 

4444  SHERBROOKE  ST.  WESTMOUNT,  P.Q. 
WE:  5-8587-8588 

REMEMBER! 
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M.E.I.C.  A.M.E.I.C.  S.E.I.C. 
in  all  your  correspondence 
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Aerial  views,  left;  prior  to  commencement,  right:  nearing  completion  of  the  Carillon  project  showing:  foreground— sluice 
gates,  50'  wide,  31'6"  high.  Middle  distance— powerhouse  section  intake  gates,  17'  wide,  35'  high.  Background— lock  structure. 
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IN  THIS  ISSUE 


Transportation  is  a matter  of  vital  concern  in  the  Canadian 
economy  because  of  the  great  distances  from  the  areas  of 
production  to  the  areas  of  consumption.  In  their  paper, 
“Pipeline  Flow  of  Capsules:  Potential  Industrial  Application”, 
G.  W.  Hodgson,  Head,  Petroleum  Division,  and  L.  Henry 
Bolt,  M.E.i.c.  Research  Engineer,  both  at  Research  Council 
of  Alberta,  state  that  the  cost  of  pipeline  methods  of  trans- 
port falls  between  shipping  and  rail  methods.  While  inland 
vvatervvays  play  a substantial  and  increasing  role  in  Cana- 
dian transportation,  there  is  justification  for  trying  to  e.xtend 
the  application  of  pipeline  methods  to  commodities  not 
presently  amenable  to  pipeline  transport.  Second-generation 
pipehning  shows  promise,  but  it  is  limited  in  its  applica- 
tion and  recourse  must  be  made  to  third-generation  pipe- 
lining in  which  the  goods  to  be  moved  must  be  placed 
in  the  fluid  streams  as  large  capsules  which  flow  as  seg- 
ments of  the  stream.  This  paper  considers  the  basic 
applications  of  investigational  programs,  and  some  of  the 
over-all  technology  involved.  About  25%  of  the  total  trans- 
portation traffic  in  Canada  centres  upon  the  movement  of 
grains,  mineral  solids  and  chemicals.  Conventional  oil  and 
gas  pipelines  already  accoimt  for  about  20%  of  the  total 
freight  traffic.  The  major  cost  in  capsule  pipelining  as  in 
conventional  pipelining,  relates  to  the  capital  costs  of  the 
system.  To  this  is  added  the  surcharges  for  additional 
packaging  and  handling  equipment,  and  for  increases 
in  pressure  gradients. 


“Settlement  Studies  on  the  Mt.  Sinai  Hospital,  Toronto”, 
by  C.  B.  Crawford,  m.e.i.c.  and  K.  N.  Burn,  m.e.i.c.  of  the 
Soil  Mechanics  Section,  Division  of  Building  Research,  Na- 
tional Research  Council,  Ottawa,  reports  settlement  measure- 
ments on  a large  structure  found  on  a reinforced  concrete 
mat  over  glacial  till  subsoil,  and  compares  these  estimates 
derived  from  laboratory  testing.  The  modulus  of  elasticity 
of  the  subsoil  derived  from  full-scale  field  measurements 
is  compared  with  laboratory  values.  The  performance  of  this 
type  of  foundation  is  discussed. 


J.  S.  MacKelvie,  Electronics  & Electrical  Engineer,  H. 
Hollitscher,  Laboratory  Engineer  and  E.  C.  Elgar,  Mechani- 
cal Engineer,  all  with  Canadian  General  Electric  Co.,  in 
Peterborough,  Ont.,  in  their  paper,  “Loss  Measurement  in 
Magnetic  Steel  Above  Saturation  Density  with  Controlled 
Flux  Waveform”,  describe  a means  of  producing  controlled 
flux  waveforms  in  standard  steel  samples  over  a range  of 
method  of  measurement  of  loss  is  used  successfully  to 
avoid  the  difficulties  associated  with  the  electrical  measure- 
ment of  loss  at  saturation  flux  density.  Measurement  of 
peak  flux  density  is  made  with  an  average  reading  volt- 
meter attached  to  a search  coil  which  is  compensated  for 
air  leakage  flux.  Peak  magnetic  field  strength  is  measured 
with  another  search  coil. 


COVER  ILLUSTRATION 

An  increasingly  interesting  form  of  transportation  is  the  pipeline  flow  of  capsules.  The  lead  paper  in  this 
issue  of  the  Engineering  Journal  deals  with  the  potential  industrial  applications  of  pipeline  flow  of  capsules 
and  this  is  symbolized  in  the  cover  illustration  which  shows  a typical  pipeline  in  the  Canadian  West. 
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THE  PIPELINE  FLOW 


OF  CAPSULES 


Potential  Industrial  Applications 


G.  W.  Hodgson, 

Head  of  Petroleum  Division, 

L.  Henry  Bolt,  m.e.i.c. 

Research  Engineer,  Research  Council  of  Alberta 


The  cost  of  overland  transport 
by  pipeline  tends  to  approach  that 
of  transport  by  water,  and  attention 
is  attracted  to  the  possibilities  of  ex- 
tending pipeline  technology  beyond 
those  applications  which  presently  en- 


joy the  economies  inherent  in  pipe- 
lining, In  this  connection  it  is  conveni- 
ent to  think  of  pipelining  undergoing 
a systematic  evolution  experiencing 
several  generations  of  growth  such  as 
have  been  outlined’  as  follows: 


First  generation — the  movement 
of  fluids; 

Second  generation — the  move- 
ment of  solids  in  suspension: 

Third  generation — the  mo\-ement 
of  materials  in  capsules. 
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material.  Since  one  of  the  major  ap- 
plications for  capsule  pipelining  ap- 
peared to  be  the  movement  of  grains 
in  pipelines,  attention  centered  upon 
the  use  of  a disposable  film,  partly 
because  this  could  most  readily  be 
evaluated  cost-wise.  A reasonable 
estimate  of  the  cost  of  such  film 
did  not  seem  to  indicate  that  the 
method  was  beyond  all  economic 
reason.  Further,  it  was  recognized 
that  capsule  pipelining  would  include 
the  movement  of  capsules  which  were 
in  fact  solid  ingots  of  the  material 
to  be  transported,  such  as  sulphur, 
and  that  the  cost  of  packaging  in  such 
cases  would  be  very  low,  thus  making 
the  whole  operation  worthy  of  syste- 
matic study. 

A systematic  study  was  undertaken 
and  it  concentrated  upon  developing 
the  science  of  the  concept,  leaving 
the  technology  of  it  until  later,  as 
illustrated  in  Fig.  3.  The  science  was 
developed  through  both  theoretical 
and  experimental  approaches.  The 
theoretical  study  dealt  with  establish- 
ing suitable  mathematical  models  of 
the  capsule  movement  along  the  lines 
described  by  Charles^.  The  experi- 
mental approach  consisted  in  the  main 
of  setting  up  a laboratory  pipeline 
1.25  in.  in  diameter  and  about  30 
ft.  long  and  observing  and  measuring 
the  flow  of  a wide  range  of  single 
capsules  under  a comprehensive 
variety  of  flow  conditions.  The  prin- 
cipal factors  studied  were  the  effect 
of  capsule  diameter,  length,  density, 
and  end  shape,  fluid  viscosity  and 
density,  and  gradient  of  the  pipe. 
Much  of  the  indicated  laboratory 
work  has  been  completed  and  has 
been  recently  reported  by  Ellis®.  In 
general  the  capsules  flow  in  a manner 
similar  to  the  flow  of  oil  slugs  in 
water.  The  flow  characteristics  of 
capsules  heavier  than  the  supporting 
fluid  approach  those  of  the  ideal 
equal-density  systems  with  the  cap- 
sule velocity  exceeding  the  average 
velocity  of  the  fluid  provided  the 
capsule  diameter  is  about  90%  of  the 
internal  diameter  of  the  pipeline. 

Assuming  that  the  scientific  aspects 
of  the  capsule  system  are  well  in  hand, 
it  is  now  important  to  consider  the 
second-stage  economics  — Economics 
II  of  Fig.  3 — before  undertaking  a 
comprehensive  examination  and  de- 
velopment of  the  technology  of  cap- 
sule pipelining.  In  this  connection, 
it  is  tire  purpose  of  the  present  paper 
to  discuss  the  potential  commercial 
application  of  the  new  pipelining  con- 
cept so  that  an  understanding  might 
be  gained  of  the  proper  course  of 
further  development,  if  any.  To  ex- 
amine Economics  II,  it  is  necessary 
to  consider  the  manner  in  which  the 
basic  economics  of  pipelining  would 


Fig.  2.  Basic  pipeline  capsule  shapes — 
cylinder  and  sphere. 

be  altered  in  making  capsule  pipe- 
lining mechanically  feasible. 

Basic  Economics  of  Capsule  Pipelining- 
Economics  II 

It  is  important  to  note  at  the  out- 
set that  only  the  science  of  capsule 
pipelining  is  well  understood;  the 
technology  of  capsule  pipelining  has 
not  yet  been  investigated  to  any  sig- 
nificant degree. 

The  principal  cost  of  a pipeline 
relates  to  the  provision  and  installa- 
tion of  the  pipeline  pipe.  Roughly 
half  the  cost  of  the  installed  pipe  is 
for  the  steel  itself;  the  remainder,  for 
the  installation.  Operating  pressures 
in  capsule  pipelines  would  probably 
be  less  than  in  conventional  oil  pipe- 
lines, particularly  in  instances  when 
the  material  to  be  shipped  is  sensi- 
tive to  external  mechanical  loading  as 
in  the  case  of  grains.  On  the  other 
hand,  some  additional  care  might  have 
to  be  exercised  in  finishing  the  in- 
terior of  the  pipe  particularly  at  the 
welds  so  that  snagging  of  the  cap- 
sules could  be  avoided.  There  is  no 
reason  to  believe  that  additional  costs 
might  be  incurred  as  a result  of  rough 
terrain  although  the  gradient  effects 
are  not  well  defined  at  this  time.  A 
surcharge  of  about  20%  might  be  en- 
visaged to  cover  minor  modifications 
in  the  provision  and  installation  of  the 
pipe  for  a capsule  pipeline. 

About  10%  of  the  total  cost  of  a 

Fig.  3.  Steps  in  the  development  of  the 
capsule  pipeline  concept. 

CAPSULE  PIPELINE 


CONCEPT 


COMMERCIAL  PRACTICE 


conventional  oil  pipeline  relates  direct- 
ly to  the  pumping  stations  involved.  b 
The  pumping  stations  and  associated  w 
mechanical  gear  for  a capsule  line  tl 
would  be  significantly  more  complex  b 
than  those  for  a conventional  line.  p 
It  would  be  necessary  to  establish  a t 
lock-bypass  system  at  each  station  ; i 

through  which  the  line  pressure  could  j 1 

be  increased.  This  would  involve  ad-  j ( 
ditional  piping  and  valving  as  well  j 
as  a local  and  regional  control  sys-  , ; 

tern.  Accordingly,  it  is  necessary  to  j 

provide  for  about  100%  increase  in  i 
the  cost  of  pumping  stations,  for  the  i 
additional  installations.  The  size  of  I 
the  stations  for  given  volumetric  flows  i 
would  not  need  to  be  increased  since  ( 
pressure  gradients  for  capsule-filled 
streams  in  many  cases  are  likely  to  ' 
be  lower  than  those  for  the  stream  j 
itself.  Thus,  the  capital  cost  of  a cap-  | 
sule  pipeline  would  appear  to  be  about 
25-30%  more  than  that  of  an  equiva-  j 
lent  oil  pipeline.  j 

It  is  necessary,  however,  to  note  i 
that  the  load  factors  are  different, 
since  the  “cargo”  in  a capsule  line  1 
may  be  considered  as  occupying  only  i 
about  60%  of  the  volume  of  the  pipe.  | 
This  consideration  would  therefore  in-  ' 
dicate  a further  increase  in  capital 
cost  to  about  200%  of  that  of  a con-  j 

ventional  line  carrying  the  same  vol-  i 

ume  of  “cargo”.  This  represents  a I 
surcharge  of  100%  on  ordinary  pipe-  i 

lining  capital  costs  and  the  same  mag-  i 

nitride  of  surcharge  would  in  all  prob-  I 
ability  apply  to  maintenance  of  the 
line  as  well. 

Operating  expenses  for  a capsule 
line  would  be  expected  to  be  greater  1 

than  for  a conventional  line,  not  for  ! 

increased  energy  demands,  but  rather  | 

for  the  operation  of  the  pumping  sta-  | 

tions  where  careful  over-seeing  of  j 

the  movements  of  the  capsules  and  ! 

groups  of  capsules  must  be  maintain-  1 

ed.  In  all  probability  a complex  data  j 

processing  system  would  be  employed.  ; 

A reasonable  estimate  for  the  sur-  i 

charge  on  operating  expenses  might  ! 

be  200%.  ; 

The  supporting  fluid  in  a capsule  i 

pipeline  system  could  be  either  an  ; 

inexpensive  expendable  fluid  such  as  j 

water,  or  a fluid  such  as  crude  oil  ! 

for  which  a transportation  credit  i 

might  be  claimed  as  a result  of  the  } 

transportation  of  the  fluid  itself.  In  { 

the  one  case,  a minor  expense  item  | 

of  a few  per  cent  of  the  over-all  op-  ! 

eration  would  result;  in  the  other,  a i 
significant  credit  might  be  obtained 
toward  the  cost  of  the  operation.  Al- 
though a credit  of  5-20%  is  indicated 
in  some  instances,  it  is  perhaps  wise 
at  this  time  to  overlook  such  benefits 
and  consider  the  capsule  pipelining 
on  its  own  merits. 
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First  generation  pipelining  has 
been  limited  to  simple  fluid  systems 
which  flow  by  virtue  of  the  fact  that 
the  materials  being  transported  are 
liquids  or  gases.  This  generation  of 
pipelining  has  been  in  practice  for 
I thousands  of  years  and  has  seen  its 
most  \’igorous  application  within  the 
last  century,  since  the  discovery  of 
oil  and  gas  in  quantity. 

Second  generation  pipelining  is 
based  upon  the  fact  that  it  is  pos- 
sible to  move  solids  in  fluid  streams 
^ b\'  the  expedient  of  reducing  the 

particle  size  of  the  solid  material  to 
such  an  extent  that  the  particles  tend 
; to  become  part  of  the  fluid  stream. 
In  this  manner  the  particles  are  read- 
ily held  in  suspension,  and  the  entire 
system  flows  more  or  less  like  a 
homogeneous  fluid.  Second  genera- 
I tion  pipelining  has  seen  limited  de- 
velopment to  date  but  has  reached 
! commercial  application  in  a few  iso- 
1 lated  instances.  A good  review  of  the 
I movement  of  solids  in  suspension  has 
been  recently  published^  with  a dis- 
cussion of  the  principles  involved  and 
i a listing  of  the  applications  which 
I have  been  made. 

I While  both  first  and  second  gener- 
! ations  of  pipelining  are  well  advanced 
I and  have  reached  commercial  appli- 
cation, there  are  limitations  to  the 
j applications  of  each  of  them  insofar 
as  the  movement  of  solids  is  con- 
cerned. Few  solids  can  be  taken  into 
! solution  for  the  application  of  first 
I generation  methods,  and  serious  dif- 


ficulties arise  in  the  application  of 
suspended  solids  methods  when  the 
solids  are  very  dense  and  when  the 
systems  are  such  that  the  solids  and 
supporting  fluids  tend  to  contamin- 
ate one  another,  or  when  the  solid 
is  not  mechanically  strong  enough  to 
withstand  the  mechanical  stresses  im- 
posed upon  it  by  the  turbulence  in 
the  flowing  stream. 

Clearly,  then,  there  is  merit  in 
considering  the  next  generation  of 
pipelining  in  attempting  to  extend 
the  application  of  pipeline  methods 
to  a wider  spectrum  of  commodities. 
This  deals  with  the  flow  of  solids 
in  massive  forms  in  a fluid  stream, 
and  is  known  as  capsule  pipelining.^ 

Capsule  Pipelining 

Capsule  pipelining  is  a method  in 
which  the  commodity  to  be  moved  is 
incorporated  into  a fluid  stream  not 
as  minute  particles  as  in  suspended- 
solids  pipelining  but  rather  as  large 
coherent  segments  of  the  flowing 
stream.  The  theory  of  capsule  pipe- 
lining was  developed  through  its  in- 
itial stages  by  Hodgson  and  Charles^ 
and  will  be  only  briefly  discussed  in 
this  communication. 

Basically,  the  concept  of  capsule 
pipelining  arose  from  the  observation 
that  slugs  of  oil  are  stable  configura- 
tions of  flow  when  water  is  added 
to  a stream  of  oil  flowing  in  a pipe- 
line® as  illustrated  in  Fig.  1.  The 
slugs  travel  in  an  annulus  of  water 
and  are  marked  by  a diameter  of 


60-90%  of  the  internal  diameter  of  the 
pipe.  It  has  been  shown  that  such 
movement  is  characterized  by  two 
significant  features: 

1.  The  rate  of  movement  of  the 
slug  exceeds  that  of  the  supporting 
fluid. 

2.  The  pressure  gradient  for  a 
stream  consisting  of  oil  slugs  and 
their  supporting  fluid  is  less  than  that 
for  tlie  same  volumetric  flow  of  the 
supporting  fluid  alone,  when  it  is 
in  turbulent  flow. 

These  two  features  apply  over  a 
wide  range  of  flow  conditions,  and 
have  considerable  significance  in  the 
general  topic  of  capsule  pipelining. 

Capsule  pipelining  is  a logical  out- 
growth of  the  observations  surround- 
ing the  flow  of  oil  slugs  in  water. 
In  first  principle  it  is  a matter  of 
considering  the  slug  as  a package 
containing  the  material  to  be  shipped, 
as  illustrated  in  Fig.  2.  It  is  import- 
ant to  note  that  there  are  two  basic 
capsule  forms.  For  one,  the  shape  is 
that  of  a cylinder;  for  the  other,  a 
sphere.  Both  were  apparent  in  the 
oil-in-water  investigations,  and  both 
were  stable  over  wide  ranges  of 
flow  conditions.  The  adoption  of 
capsule  pipelining  as  the  third  gen- 
eration of  materials  pipelining  was 
thus  indicated,  and  consideration  was 
immediately  given  to  a comprehen- 
sive development  of  it  in  the  interests 
of  extending  pipelining  techniques  to 
areas  presently  out  of  reach  of  such 
methods. 

Development  of  the  Concept 

While  pipelining  in  general  is 
marked  by  transportation  costs  which 
are  much  lower  than  those  of  other 
methods  of  overland  transport,  it  is 
not  sound  to  assume  that  capsule 
pipelining  can  claim  the  same 
economies  of  operation  without  a de- 
tailed examination  of  the  various 
special  factors  peculiar  to  the  opera- 
tion. It  is  perhaps  of  interest  to  form- 
alize the  development  of  such  a con- 
cept through  its  various  stages  of 
growth  as  illustrated  in  Fig.  3,  so  that 
a growing  understanding  of  the  po- 
tentialities and  limitations  of  the 
method  might  continually  guide  the 
development  operations. 

The  section  labelled  Economics  I 
was  a brief  examination  of  the  ob- 
vious economic  limitations  inherent 
in  the  capsule  concept.  The  various 
factors  inherent  in  fluid  pipelining 
were  considered,  and  reasonable  and 
conservative  guesses  were  made  to 
estimate  the  o\'er-all  cost  of  pipelining 
by  capsules.  It  appeared  at  the  time 
that  the  major  uncertaintv  was  that 
of  assessing  the  cost  of  supplving  a 
suitable  packaging  or  encapsulating 


Fig.  1.  Flow  configurations  of  oil  and  water  in  a pipeline  (3). 


WATER  DROPS  IN  OIL 


OIL-IN-WATER  CONCENTRIC 


r M 

OIL  SLUGS  IN  WATER 


OIL  BUBBLES  IN  WATER 


THE  ENGINEERING  JOURNAL  |î^  DECEMBER,  1962 


27 


TABLE  I 

Crude  Oil  and  Natural  Gas  Production 
Western  Canada  1960 

Crude  Oil  Thous.  BBL"^  Thous.  Tons^ 

Manitoba 4,718  700 

Saskatchew'an 53,000  7,870 

Alberta 132,100  19,620 

British  Columbia. . . • 950  14 

190,768  28,204 

Natural  Gas  Mcf*  Thous,  TonsX 

Manitoba . • • ... 

Saskatchewan 33,000,000  148 

Alberta 370,000.000  1,660 

British  Columbia. . . . 85,067,000  382 

488,067,000  2,190 

*Source:  Canada  Year  Book  1961 
tBased  on  Crude  Oil  35®  A.P.I. 

ÎBased  on  Natural  Gas  Mol.  Wt.  17. 

In  the  initial  examination  of  the 
cost  of  capsule  pipelining  in  Eco- 
nomics I it  was  recognized  that  the 
cost  of  encapsulation  would  be  a 
major  item.  The  development  of  the 
science  of  the  concept  reduced  many 
of  the  uncertainties  in  most  of  the 
component  factors  but  was  less  useful 
in  delineating  the  areas  of  confidence 
in  the  packaging  operation.  However, 
the  regions  of  unstable  flow  behaviour 
were  found  to  be  quite  limited  and 
could  be  controlled  to  an  appreciable 
extent  by  adjusting  the  end  configura- 
tion of  the  capsule.  Nevertheless  it  is 
still  difficult  to  estimate  the  encap- 
sulation costs.  Many  variations  in  the 
mode  of  encapsrJation  may  be  con- 
sidered, ranging  from  a more  or  less 
rigid  container  to  a minor  thin  pro- 
tective coating.  The  containers  may 
be  re-usable  or  expendable;  if  they 


are  re-usable,  provision  must  be  made 
for  returning  them  to  their  point  of 
origin  for  re-use;  and  an  estimate 
must  be  made  of  the  number  of  “trips” 
which  could  be  expected  during  the 
life  of  the  package;  if  they  are  ex- 
pendable, a salvage  credit  may  be 
claimed,  particularly  if  the  salvaging 
takes  place  in  an  area  of  higher  mark- 
et value  for  the  packaging  resin.  Per- 
haps it  would  be  adequate  at  this 
time  to  think  of  the  provision  and 
installation  of  a tough  disposable  film 
as  a kind  of  limiting  case.  This  might 
be  considered  adequate  for  the  handl- 
ing of  products  such  as  grains  and 
powdered  coal,  as  well  as  for  other 
more  readily  handled  materials.  Poly- 
ethylene and  polypropylene  might  be 
considered  as  typical  suitable  pack- 
aging films  at  this  stage,  and  Fig.  4 
illustrates  in  a general  way  how  the 
costs  for  such  film  would  depend  on 
the  capsule  diameter  and  film  thick- 
ness. It  is  evident  that  encapsulation 
costs  are  surely  major  items  in  the 
capsule  pipeline  operation,  but  only 
for  capsules  needing  this  type  of 
covering. 

It  is  obvious  from  this  figure  that 
the  unit  costs  of  capsule  pipelining 
are  a function  of  the  volume  of  ma- 
terial being  handled.  It  is  now  reason- 
able to  look  ahead  to  the  potential 
applications  of  capsule  pipelining  and 
establish  what  volumes  of  material 
might  be  handled  in  this  way.  In  this 
manner  some  estimate  may  be  made 
of  the  unit  costs  of  capsule  pipelining 


TABLE  II 

Ten-Year  Average  Total 
Production  of  Principal  Grains 
in  the  Prairie  Provinces 

Harvest  Years  1961-1960 

Mill.  Bushels*  Mill.  Tons 


Wheat 474  14.2 

Oats 289  4.9 

Barley 231  5.5 

Rye 12  0.3 

Flaxseed 18  0.5 


Total 1,024  25.4 


*Source:  Dominion  Bureau  of  Statistics,  via  The 
Canadian  Wheat  Board. 

SO  that  a reasoned  judgement  might 
be  made  of  the  advisability  of  enter- 
ing into  a comprehensive  investiga- 
tion of  the  Technology  of  Fig.  3. 

Potential  Applications  of 
Capsule  Pipelining 

Assuming  for  the  moment  that  al- 
most any  bulk  commodity  could  be 
handled  in  a capsule  pipeline  system, 
let  us  now  consider  some  of  the  major 
potential  items  in  turn.  To  give  a 
basis  for  comparison  in  equivalent 
units.  Table  I lists  the  major  products 
which  are  currently  being  handled  in 
Canada  in  pipeline  systems.  These  in- 
clude only  oil  and  gas.  There  are  no 
long-distance  movements  of  materials 
by  slurry  pipelining  in  Canada,  al- 
though about  1.25  millions  tons  of 
coal®  and  0.25  million  tons  of  gilson- 
ite'^  are  being  pipelined  annually  in 
water  slurries  in  the  United  States. 

Grain 

The  western  prairies  of  Canada  pro- 
duce large  tonnages  of  grains  as  sum- 
marized in  Table  II.  Much  of  the 
grain,  47%,  moves  to  export  markets 
and  to  domestic  markets  outside  the 
areas  of  production  as  illustrated  in 
Fig.  5.  Thus,  major  grain  movements 
out  of  the  western  plains  of  Canada 
take  place,  in  the  amount  of  about 
12  million  tons,  comparable  with  cur- 
rent oil  and  gas  tonnages.  Such  freight 
traffic  would  surely  bring  a pipeline 
handling  grain  into  sizes  of  pipes 
which  are  considered  “economic”  in 
present-day  practice.  For  example  a 
300-million-bushel,  about  9-million 
tons,  annual  operation  would  appear 
to  require  a 30  in.  pipe  size. 

Minerals 

Sulphur  production  in  Western 
Canada  is  rising  sharply  with  a pres- 
ent installed  capacity  in  Alberta  of 
5440  long  tons  per  day  as  detailed 
in  Table  III.  Additional  production 
of  about  1000  tons  per  day  takes 
place  in  northeastern  British  Colum- 
bia. At  a likely  rate  of  production  the 
annual  sulphur  output  in  Western 
Canada  will  probably  amount  to  about 
2 million  tons.  While  this  is  appreci- 
ably lower  than  the  grain  production. 


Fig.  4.  Cost  of  encapsulation  per  cu.  ft.  of  cargo  as  a function  of  capsule  scale-up 
over  a range  of  capsule  diameters  and  various  plastic  film  thicknesses  when  the 
capsule  length  equals  five  capsule  diameters,  based  on  a disposable  film  costing 
about  50  cents/lb.  in  place. 
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Fig.  5.  Ten-year  average  of  bulk  grain  movements  from  Western  Canada  from 
1951-1960. 


Rail  Shipments  from  Western 
Country  Elevators  571  million 
Bushels  of  all  Grains 
(14.3  mi  llion  Tons  ) 


TABLE  m 

Sulphur  Plants — Alberta — 1962* 


Location 

Initial 

Operating 

Year 

Sulphur 
Productive 
Capacity, 
Long  Tons! 
Day 

Jumping  Pound.  . . 

1952 

135 

Turner  Valley.  . . . 

1952 

30 

Redwater 

1956 

9 

Pincher  Creek . . . . 

1957 

900 

Okotoks 

1959 

370 

Nevis 

1956 

76 

Nevis 

1959 

120 

Innisfail 

1960 

100 

Rimbey 

1961 

250 

Wildcat  Hills 

1961 

105 

Windfall 

1962 

650 

Carstairs 

1962 

60 

Burmis 

1962 

375 

East  Calgary 

1962 

860 

Waterton 

1962 

1,400 

Total 5,440 


*Souroe:  D.  I.  Istvanffy,  Symposium  on  Petro- 
chemicals, Edmonton,  March  15,  1962.  From  “An 
analysis  of  the  sulphur  industry  in  Alberta”  by 
W.  G.  Brese.  Research  Council  of  Alberta.  In- 
formation Series  No.  38,  1962. 


nearly  all  of  it  vyill  normally  be  in- 
tended for  the  export  trade,  and  will 
therefore  become  a major  export  item 
from  Western  Canada.  In  itself  it 
would  account  for  a capsule  pipeline 
about  10  in.  in  diameter,  a size  not 
much  below  that  of  commercial  long- 
distance oil  pipelines. 

Minerals  such  as  sodium  sulphate 
with  a production  of  0.2  million  tons 
per  year  in  Saskatchewan  may  not  be 
of  sufficient  size  to  warrant  the  con- 
sideration of  capsule  pipelining.  How- 
ever, the  forthcoming  production  of 


potash  from  the  same  province  of 
over  a million  tons  per  year®  would 
present  a more  favorable  situation. 
The  most  potentially  interesting  pos- 
sibilities are  those  mineral  deposits 
under  consideration  for  iron,  lead  and 
zinc  in  northern  Alberta  which  may 
well  find  a large  outlet  market,  if 
the  transportation  costs  to  the  West 
Coast  are  sufficiently  low,  in  the  pre- 
dicted expansion  of  the  Japanese 
mineral  industry.^ 

Coal  is  another  mineral  product 
which  may  have  “export”  markets 
outside  of  its  areas  of  production  in 
Western  Canada,  especially  Alberta 
with  half  of  the  Canadian  coal  re- 
serves. It  is  difficult  to  predict  what 
markets  might  develop  if  the  cost  of 
transporting  coal  were  reduced,  but 
perhaps  it  would  be  worthwhile  to 
consider  that  two  different  potential 
markets  exist,  one  for  coking  coal  and 
the  other  for  thermal  coal  for  power 
production.  The  coking  coal  would 
normally  find  its  way  into  the  world 
market,  say  through  Vancouver;  the 
thermal  coal  would  tend  to  move  east 
to  the  Lakehead.  Both  operations 
could  be  pictured  as  handling  several 
million  tons  per  year.  At  present  about 
0.3  million  tons  of  coking  coal  are 
being  shipped  to  Japan  from  the  West 
Coast,  with  a highly  significant  in- 
dicated future  demand  from  Japan 
as  high  as  15  million  tons  per  year 
by  1970.9 


TABLE  IV 

Coal  Production- 
Alberta  and  Saskatchewan 
(subject  to  revision) 

I960  Underground 

Strip  (Tons)  (Tons) 


Alberta 1,156,265  1,235,434 

Saskatchewan 2,170,797  — . 


Source:  Fuel  and  Mining  Division,  Mines  Branch, 
Department  of  Mines  and  Technical  Surveys. 

While  sluny  pipelining  in  crude 
oil  is  being  considered  for  coal  trans- 
portation,^® there  is  merit  in  consid- 
ering capsule  transport  as  well,  par- 
ticularly in  the  case  of  coking  coals 
where  contact  of  the  coal  with  the 
supporting  crude  oil  might  interfere 
with  subsequent  coking  operations. 
Current  coal  production  in  Alberta 
and  Saskatchewan  of  about  4.6  mil- 
lion tons  per  year  is  given  in  Table  IV. 

Chemical  products 

Western  Canada  is  a major  produc- 
ing area  for  chemicals  and  peti'o- 
chemicals  as  listed  in  Table  V.  The 

TABLE  V 

Estimated  Production  of 
Chemicals  and  Petrochemicals 
Alberta  1960 

Tons 

Inorganic  Chemicals  (e.g.  Fertilizers).  . . 491,700 

Organic  Chemicals 

— Liquid  (e.g.  methyl  alcoholl 53.800 

Organic  Chemicals — Solid  (e.g.  Poly- 
ethylene, cellulose  acetate  6ake).  • . . 48.900 


Metals  (e.g.  Nickel) 23,6(X1 

Total 618,1X10 
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tonnages  invoh^ed  however  are  rela- 
tively small  and  a capsule  pipeline  for 
the  movement  of  such  materials  alone 
would  not  be  justified.  On  the  other 
hand,  this  does  not  rule  out  the  pos- 
sibility of  such  chemical  products 
being  moved  in  a capsule  pipeline. 

Forest  products 

Forest  products  in  Canada  are  pro- 
duced for  the  most  part  in  British 
Columbia,  Ontario  and  Quebec.  The 
tonnages  are  summarized  in  Table  VI, 
and  about  10  million  tons  are  con- 
verted into  pulp  annually.  There  are 
few  disadvantages  to  pipelining  wood 
pulp  in  suspension  in  water,  and  cap- 
sule pipelining  may  have  very  little 
to  offer. 

Common  Carriers 

Clearly  there  would  be  adequate 
traffic  to  support  capsule  pipelines  for 
grain  and  perhaps  for  sulphur  and 
other  commodities  as  well.  It  should 
be  recognized  that  a given  capsule 
pipeline  could  handle  more  than  a 
single  commodity  however,  and  could 
in  fact  operate  as  a common  carrier. 
If  so,  one  might  picture,  for  example, 
common  carriers  running  both  east 
and  west  from  the  central  plains  of 
Western  Canada  where  there  is  no 
competition  from  water  transport.  It 
is  now  important  to  try  to  assess  in  a 
general  manner  what  the  costs  of 
such  systems  might  be,  from  an  under- 
standing of  the  unit  costs  and  the 
surcharges  outlined  above. 


TABLE  VI 

Equivalent  Volume  of  Solid  Wood 
Cut  in  Woods  Operations 
by  Province— 1959 


M.  cu.ff. 

Newfoundland 96,695 

Prince  Edward  Island 10,594 

Nova  Scotia 89,612 

New  Brunswick 172,602 

Quebec 877,158 

Ontario 531,528 

Manitoba 51,766 

Saskatchewan 44,62 1 

Alberta 135,003 

British  Columbia 1,173,965 

Yukon  and  N.W.T 2,843 


Total 3,186,387 

Assuming  1 cu.  ft.  = 50  lb. 

Total  80  million  tons  (Approx.) 


Source:  Canada  Year  Book,  1961 

Taking  capital  and  direct  operating 
costs  of  conventional  pipelining  to  be 
80%  and  20%  of  the  total  operating 
costs,  and  then  applying  the  indicated 
capsule  line  surcharges  of  100%  and 
200%  respectively,  the  total  surcharge 
for  capsule  pipelining  would  appear 
to  be  120%.  A further  surcharge  is 
necessary  for  cargo  requiring  an  en- 
capsulating film  and  is  dependent  on 
the  price  of  the  encapsulating  ma- 
terial in  place.  The  effect  of  this  is 
illustrated  in  Fig.  6.  The  base  curve 
gives  a general  indication  of  the  cost 
of  moving  a liquid  such  as  crude  oil 
in  a conventional  pipeline  of  the 
economic  size  for  the  throughput 
under  consideration.  Imposition  of  the 
capsule  pipeline  surcharge  raises  the 
unit  costs  by  120%,  and  this  is  illus- 
trated in  Fig.  6 by  the  “ingot  cargo” 


curve  which  pertains  to  a material 
handled  in  capsule  form  without  any 
significant  amount  of  packaging  ma- 
terial around  it.  Capsule  transport  of 
sulphur  would  be  a good  example  of 
an  ingot  capsule  system. 

The  third  curve  in  Fig.  6 is  labelled 
“encapsulated  cargo”,  and  pertains  to 
a fully  packaged  commodity,  such  as 
a grain.  The  example,  arbitrarily 
chosen,  was  for  a 20-mil  film  and 
for  a pipeline  system  1000  miles  long. 

It  is  clear  that  while  an  ingot  cargo, 
e.g.  sulphur,  could  be  handled  profit- 
ably at  much  lower  throughputs  than 
encapsulated  cargo,  e.g.  grain,  the 
grain  could  be  handled  at  even  lower- 
rates  provided  the  throughput  for 
grain  was  in  the  range  of  several 
hundred  million  bushels  annually,  cor- 
responding to  the  30  and  40  in.  pipe 
sizes.  These  observations  apply  to 
single  commodity  lines;  common  car- 
riers would  of  course  be  in  a preferred 
position. 

The  data  in  Fig.  6 indicate  in  a 
general  manner  that  the  capsule  rates 
may  be  low  enough  to  compare  fav- 
orably with  current  bulk  freight  rates 
provided  there  is  an  assured  market 
for  large  volumes  of  bulk  commodities. 
However,  it  cannot  be  said  at  this 
point  that  the  indicated  capsule  rates 
are  in  any  sense  firm,  since  the  pres- 
ent analysis  deals  only  with  Economics 
II  lying  between  “Science”  and  “Tech- 
nology” in  the  development  of  the 
capsule  pipelining  concept. 

Conclusion 

An  examination  of  the  develop- 
ment of  the  capsule  pipelining  con- 
cept through  its  inception,  initial 
economic  analysis,  the  establishing  of 
its  science,  and  a secondary  economic 
analysis  indicates  that  the  method  is 
sufficiently  attractive  to  warrant  fur- 
ther investigations,  investigations  con- 
cerned primarily  with  the  technology 
of  the  method. 
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Fig.  6.  Indicated  transportation  cost  trends  as  a function  of  pipe  diameter  assuming: 
I.  Cost  of  encapsulating  material  is  50  cents/lb.,  in  plaee,  using  a plastic  film  0.02" 
in  thickness  (Fig.  4).  2.  Capsule  length  equals  five  capsule  diameters.  3.  Diameter  of 
capsule  equals  0.85  pipe  diameter.  4.  Density  of  cargo  approximately  equal  to  that 
of  water.  5.  Average  fluid  velocity  equals  5 ft./sec.  6.  1000  mile  pipeline.  The  base 
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The  construction  of  any 

large  structure  on  soil  without  the 
benefit  of  piles  or  caissons  to  transfer 
the  building  loads  down  to  bedrock 
or  other  solid  strata  is  sometimes 
carried  out  with  much  apprehension. 
Nevertheless,  the  savings  to  be  gained 
by  avoiding  the  use  of  deep  founda- 
tion units  is  always  an  attractive 
possibility.  In  an  effort  to  assist  in  the 
accumulation  of  documented  experi- 
ence on  the  perfoiTOance  of  large 
buildings  thus  founded  on  soil,  the 
Division  of  Building  Research  of  the 
National  Research  Council  has  co- 
operated with  design  engineers  and 
builders  in  measuring  building  settle- 
ments. This  report  of  observations  on 
the  Mt.  Sinai  Hospital  in  Toronto 
from  the  beginning  of  construction 
in  1950  through  several  years  of 
operation  is  the  result  of  such  a 
co-operative  effort. 

Geology  and  Site  Conditions 

The  southern  half  of  the  city  of 
Toronto  is  located  on  the  bed  of 
glacial  Lake  Iroquois;  the  shoreline 
of  the  glacial  lake  lies  about  three 
miles  north  of  the  Toronto  waterfront. 
Near  the  old  shoreline,  the  Lake 
Iroquois  beach  sands,  several  feet 


Fig.  1.  Consolidation  test  results. 
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thick,  may  lie  ovei-  glacial  till  but 
to  the  south  the  sand  layer  is  thin 
or  non-existent.  Interglacial  sands  and 
clays  are  found  between  the  Wiscon- 
sin till  and  the  lower  Illinoian  till. 
Bedrock  is  Ordovician  shale  and 
limestone.^® 

The  bedrock  rises  gently  to  the 
north  from  the  Toronto  waterfront. 
The  depth  of  overburden  increases 
correspondingly  so  that  the  ground 
surface  rises  at  a rate  of  a little  more 
than  1 ft.  in  100  ft.  from  the  shores 
of  Lake  Ontario  to  the  old  shoreline 
of  glacial  Lake  Iroquois.  The  Mt. 
Sinai  Hospital  is  located  on  University 
Avenue  at  Elm  Street,  just  over  a 
mile  from  the  Toronto  harbour.  The 
site  is  at  El.  318,  70  ft.  above  normal 
lake  level. 

Excavations  for  the  Yonge  Street 
line  of  the  Toronto  Subway  revealed 
large  boulders  in  the  glacial  till  and 
confirmed  the  suspicion  that  pervious 
soil  strata  (perhaps  of  the  interglacial 
beds)  carried  water  under  artesian 
head.^ 

During  the  last  two  years  the  many 
excavations  made  in  the  course  of 
constructing  the  University  Avenue 
line  of  the  subway  has  provided  an 
opportunity  for  detailed  mapping  of 


soil  deposits  immediately  in  front 
of  the  Hospital.^  This  work  revealed 
a soil  profile  about  55  ft.  thick,  the 
lower  15  ft.  being  very  dense  “York 
varved  clay”  and  “York  till”  of  Illi- 
noian glacial  stage.  Above  this  is 
about  15  ft.  of  the  interglacial  stage 
“Toronto  Formation”  consisting  of 
stratified  sand,  silt  and  clay.  The 
upper  25  ft.  of  soil  is  the  Sunnybrook 
till,  a massive  silty  till  of  Wisconsin 
age.  The  southern  limit  of  Lake 
Iroquois  sand  is  in  the  vicinity. 

At  the  time  of  construction  of  the 
hospital  a number  of  soil  borings  were 
made  on  the  site  to  obtain  representa- 
tive samples  of  the  subsoil.  These 
revealed  some  filled  ground  but  gen- 
erally a surface  mantle  of  8 to  10  ft. 
of  fine  brown  sand  lying  over  40  to 
45  ft.  of  grey  glacial  till  containing 
varying  amounts  of  sand  and  stones. 
Refusal  (presumably  at  bedrock)  was 
met  at  elevations  ranging  from  260 
to  265  ft. 

Standard  penetration  tests  (with  a 
145  lb.  weight  falling  30  in.  on  a 
sampling  spoon)  were  done  at  about 
5 ft.  intervals  in  five  borings.  In  the 
upper  regions  of  the  till  (above  El. 
290)  the  required  number  of  blows 
per  foot  ranged  from  7 to  16,  indicat- 


ing a material  of  stiff  consistency.^'^ 
Below  El.  290  the  till  has  a hard  con- 
sistency (25  to  40  blows  per  foot). 
Elevation  290  is  the  level  of  separa- 
tion between  Sunnybrook  till  and  the 
lower  interglacial  materials. 

Samples  obtained  from  the  borings 
were  used  only  for  identification  of 
the  soil  layers.  While  the  foundation 
excavation  for  the  building  was  being 
carried  out,  undisturbed  block  and 
tube  samples  were  obtained  from 
various  locations  at  the  bottom  of  the 
excavation  (El.  302).  The  material 
obtained  from  the  excavation  can  be 
described  as  medium  stiff  grey  clay 
till  of  low  to  medium  plasticity  con- 
taining a sprinkling  of  small  stones 
and  pebbles.  The  average  natural 
water  content  was  about  18%,  the 
liquid  limit  28%,  and  the  plastic  limit 
16%.  Grain-size  tests  showed  that  the 
material  from  the  bottom  of  the  ex- 
cavation averaged  5%  gravel  size,  45% 
sand,  35%  silt,  and  15%  clay  size.  The 
specific  gravity  of  solids  was  2.74. 

Consolidation  tests  were  made  on 
specimens  cut  from  a block  sample. 
The  relation  between  pressure  and 
void  ratio  (Fig.  1)  shows  that  the 
most  probable  preconsolidation  pres- 
sure is  2 TSF  (tons/sq/ft).  The  com- 


Fig.  2.  Front  view  of  Mt.  Sinai  Hospital. 
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: pression  index  is  0.14.  The  uneon- 
fined  compression  strengths  of  speci- 
mens cut  from  the  same  block  sample 
j average  1.7  TSF. 

K During  the  summer  of  1960, 
D.  G.  Hubley,  Soil  Engineer,  Toronto 
I Transit  Commission,  kindly  provided 
undisturbed  block  samples  obtained 
in  excavations  in  the  Sunnybrook  till. 
One  block  (Sample  102-3)  was  ob- 
tained from  a depth  of  25  ft.  (El.  298) 
at  a location  about  100  yd.  north  of 
the  hospital  on  University  Avenue. 
Compression  tests  on  specimens  cut 
from  this  block  are  reported  in  Table 
I.  Classification  tests  confirm  that  the 
character  of  the  block  is  similar  to 
that  of  the  material  sampled  in  the 
hospital  excavation  (w^  — 30, 
Wp  = 17)  but  it  contained  fewer 
stones.  Consolidation  tests  confirmed 
the  consolidation  characteristics 
shown  in  Fig.  1. 

Foundation  Pressures 

The  Mt.  Sinai  Hospital  is  a multi- 
storey steel  frame  building  resting  on 
a reinforced  concrete  mat.  Building 
I loads  are  carried  to  the  mat  through 
I four  lines  of  columns  at  12-ft.  spacing, 

1 one  line  at  each  exterior  wall  and 
j one  4I2  ft.  from  either  side  of  the 
j centre  lines  of  each  wing  of  the 
j building.  A front  view  of  the  com- 
pleted building  is  shown  in  Fig.  2. 

The  general  outline  of  the  mat 
foundation  is  shown  in  Fig.  3.  It  is 
divided  into  four  areas  in  which  the 
mat  thickness  varies  from  28  to  34 
in.,  the  total  pressure  on  the  soil 
varies  from  0.75  to  1.7  TSF.  Based 
on  the  assumption  that  only  an  aver- 
age of  25%  of  the  total  design  live 
load  is  active  at  the  foundation  level, 
less  than  10%  of  the  total  pressures 
is  due  to  live  load.  While  area  1 now 
carries  only  0.75  TSF,  it  is  designed 


for  an  exentual  height  of  11  stories 
and  a final  load  of  1.6  TSF. 

To  simplify  the  analysis  of  founda- 
tion pressures  detailed  consideration 
is  given  only  to  area  4.  Except  for 
the  small  difference  in  final  total  pres- 
sure, this  analysis  applies  also  to  area 
3 but  areas  1 and  2 have  much 
smaller  foundation  pressures.  The 
effective  stress  at  foundation  level 
before  excavation  (16  ft.  below 
original  surface)  was  computed  to  be 
0.8  TSF.  This  stress  was  removed 
during  a six-week  period  ending  April 
15,  1950.  During  the  next  six  months 
the  soil  was  reloaded  to  about  0.50 
TSF  or  to  about  30%  of  the  total 
building  load.  At  this  point  33  special 
plugs  were  installed  in  the  basement 
columns.  On  October  11,  1950,  the 
initial  level  survey  was  carried  out. 
Stresses  in  the  ground  under  the  main 
wing  (survey  station  9)  at  various 
stages  of  construction  are  shown  in 
Fig.  4.  The  excavation  and  reloading 
schedule  of  areas  3 and  4 are  shown 
in  Fig.  5. 

Settlement  Measurements 

Following  the  initial  survey  of  the 
building  in  October,  1950,  further 
surveys  were  made  at  intervals  of 
about  six  months  until  1954,  and 
then  again  in  1956  and  1958.  The 
interior  surveys  were  made  using  a 
water-tube  level  which  was  patterned 
after  an  apparatus  developed  by 


Terzaghi.'-*  It  is  described  in  detail 
by  Peckover.**  The  apparatus  not  only 
has  the  advantage  of  great  accuracy 
but  also  facilitates  interior  surveys  by 
eliminating  the  need  for  “lines  of 
sight.”  The  interior  surveys  were  re- 
lated to  a permanent  benchmark,  using 
an  engineer’s  optical  level.  No  diffi- 
culty was  experienced  with  the  water- 
tube  surveying  exeept  that,  due  to  the 
use  as  storage  of  much  of  area  1,  it 
was  not  always  possible  to  survey  all 
stations  or  to  close  the  survey.  For 
other  areas,  an  accuracy  of  ±0.02  in. 
is  claimed. 

After  three  or  four  years  of  obser- 
vations, it  became  apparent  that  the 
total  settlement  of  the  building  would 
be  about  la  in.;  considerably  less  than 
had  been  expected.  For  such  a small 
settlement  the  exterior  surveys  were 
not  being  carried  out  with  sufficient 
accuracy  so  it  was  necessary  to  make 
a special  study  of  the  probable  errors. 
After  careful  study  of  the  instrument, 
benchmark,  and  previous  survey  re- 
sults, it  was  concluded  that  the  pos- 
sible error  in  the  optical  surveys  might 
be  as  much  as  ±0.06  in.  and  possibly 
a little  more  when  carried  out  under 
adverse  weather  conditions. 

Since  1956,  a special  precise  optical 
levelling  instrument  has  been  used 
and  surveys  were  made  only  under 
ideal  weather  conditions.  From  these 
observations  the  reliability  of  the 
benchmark  was  definitely  established. 


Fig.  4.  Stresses  beneath  station  9. 
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Because  of  tlie  agreement  between 
repeated  surveys  in  1956  and  in  1958 
the  results  are  considered  to  be  accur- 
ate to  ±0.02  in.  Outside  surveys  only 
were  made  in  1960  and  1961  and 
these,  together  with  the  surveys  of 
1956  and  1958,  confirmed  that  move- 
ment of  reference  point  33  is  practi- 
cally completed. 

Time-settlement  curves  of  several 
typical  interior  stations  (as  located 
on  Fig.  3)  are  shown  on  Fig.  5 to- 
gether with  the  estimated  unloading 
and  reloading  at  foundation  level. 
Settlement  contours  computed  from 
the  last  survey  are  shown  in  Fig.  6. 

Settlement  Analysis 

The  most  significant  result  of  this 
study  is  that  the  measured  settle- 
ment of  the  structure  is  much  less 
than  would  be  estimated  from  consoli- 
dation test  results.  Total  settlement 
under  the  centre  of  the  main  wing 
of  the  building  since  the  start  of  mea- 
surements has  amounted  to  less  than 
0.6  in.  The  amount  of  rebound  and 
recompression  before  measurements 
were  begun  is  rmknown  but  is  con- 
sidered to  be  small.  According  to  the 
laboratory  compression  curve  (Fig.  1) 
a representative  sample  of  the  sub- 
soil would  compress  about  1%  when 
loaded  over  a range  equivalent  to 
that  from  the  first  survey  until  the 
end  of  construction,  i.e.,  0.5  to  1.7 
TSF.  If  an  average  compression  of 
this  amount  occurred  over  a 40  ft. 
layer  the  total  deflection  would 
amount  to  about  5 in.  Since  the  pre- 


consolidation load  has  not  been  ex- 
ceeded and  loads  were  applied  rather 
slowly  it  is  improbable  that  excess 
pore  pressures  were  developed  with 
the  usual  time  lag  in  deformation. 
There  may,  however,  have  been  a 
plastic  or  secondary  consolidation 
type  of  compression  occurring  under 
loads  of  this  magnitude.  Time-settle- 
ment observations  (Fig.  5)  tend  to 
confirm  these  deductions. 

Owing  to  the  marked  similarity 
between  the  shapes  of  the  time  curves 
of  loading  and  of  settlement  (Fig.  5) 
it  is  apparent  that  most  of  the  settle- 
ment is  directly  proportional  to  the 
applied  load,  and  is  therefore  of  an 
elastic  nature.  It  is  possible  then,  to 
compute  the  average  modulus  of 
elasticity  of  the  subsoil  using  the 
classical  equation: 


where 

P = settlement 
q r=  increase  in  pressure 
B — width  of  loaded  area 
P = Poisson’s  ratio 
E = Modulus  of  elasticity 
/p  = Influence  value  computed  by 
Steinbrenner.® 

The  computed  modulus  is  affected 
greatly  by  the  chosen  influence  value 
7p.  It,  in  turn,  depends  directly  on  the 
thickness  of  soil  and  on  Poisson’s  ratio. 
The  total  thickness  of  the  soil  is  well 
established  but  there  is  little  doubt 
that  the  modulus  of  the  lower  Illinoian 
till  is  much  greater  than  that  of  the 


Sunnybrook  till.  To  estimate  the 
modulus  for  the  upper  soil  (from 
which  laboratory  results  are  available) 
it  is  necessary  to  compensate  for  the 
lower  soil  by  using  a reduced  thick- 
ness of  soil  in  the  computation.  To 
illustrate  this  effect,  computations 
were  made  assuming  soil  thicknesses 
of  30  ft.  and  40  ft. 

In  computing  the  elastic  compres- 
sion of  a saturated  soil  it  is  commonly 
assumed  that  no  volume  change 
occurs  and  that  Poisson’s  ratio  equals 
0.5.  This  is  a questionable  assumption 
because  Poisson’s  ratio  is  thought  to 
depend  on  the  rate  of  loading  and  on 
the  applied  stress  level.  Therefore 
the  modulus  has  been  computed  for 
various  values  of  Poisson’s  ratio.  These 
computations  were  checked  using  in- 
fluence charts  developed  by  New- 
mark.®  The  effect  of  embedment^  was 
found  to  influence  the  classical  case 
by  only  about  2%. 

The  results  of  these  computations 
are  shown  in  Table  II.  It  is  of  interest 
to  compare  the  modulus  computed 
from  the  results  of  the  full-scale  load- 
ing with  values  determined  from 
laboratory  tests.  The  initial  tangent 
modulus  determined  from  the  stress- 
strain  relationships  of  unconfined 
specimens  cut  from  the  original  block 
sample  (Sample  23-5,  Table  I)  aver- 
aged 50  TSF.  The  initial  tangent  mod- 
ules for  unconfined  compression 
tests  on  the  recently  obtained  sample 
of  Sunnybrook  till  (Sample  102-3, 
Table  I)  averaged  130  TSF.  The 
higher  value  is  probably  due  to  the 
lower  stone  content. 

It  has  been  suggested  that  the 
modulus  of  elasticity  should  be  de- 
termined from  the  stress-strain  rela- 
lationships  of  specimens  subjected  to 
triaxial  compression  tests.  Detailed 
studies  have  shown  further  improve- 
haent  when  axial  loads  are  cycled. 


Fig.  6.  Final  settlement  contours. 
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To  in\estigate  these  possibilities  a 
series  of  unconsolidated-undrained 
triaxial  compression  tests  \\’ere  made 
on  regular  specimens  1.4  in.  in  dia- 
meter by  3 in.  high.  Cell  pressures 
\r  ere  ^■aried  from  foundation  pressure 
(about  1.7  TSF)  to  a little  more  than 
double  the  applied  foundation  pres- 
sure. Some  tests  vr'ere  stress  cycled 
to  deviator  stresses  above  and  below 
that  estimated  to  be  caused  by  the 


building,  i.e.,  approximately  0.5  TSF. 
These  tests  revealed  a wide  variation 
in  computed  modulus  (Table  1). 

This  variation  was  largely  due  to 
the  difficulty  of  assessing  the  non- 
linear stress-strain  curv'es  which  were 
invariably  obtained,  even  after  cycling. 
The  non-linearity  was  attributed  to 
stones,  up  to  la  in.  long,  in  the  small 
specimens  and  to  disturbance  caused 
by  removing  .small  stones  during  trim- 


ming. In  view  of  this  a specimen  2.8 
in.  in  diam.  and  5.6  in.  long  was 
tested  with  a cyclical  variation  of 
axial  stress  from  zero  to  a level  of 
0.25,  0.50  and  0.75  TSF.  Fig.  7 
shows  some  of  the  results.  The  first 
part  of  the  stress-strain  plot  is  omitted 
because  it  represents  only  the  initial 
“seating  in”  of  the  specimen.  To 
simplify  the  figure  only  a few  of  the 
typical  reloading  curves  are  shown. 


Fig.  7.  Stress-strain  relationships  for  2.8  in.  diameter  specimen. 
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TABLE  I 

Compression  Test  Results 


Sample 

Water 

Content 

% 

Compressive 

Strength 

TSF 

Cell 

Pressure 

TSF 

No.  of 
Cycles 

Maximum 
Axial  Stress 

Modulus  of  Elasticity, 
TSF 

TSF 

Range 

Avg. 

Unconfined  Compression  Tests 

23-5 

19.0 

1.7 

0 

0 

21-74 

51 

Avg.  of  4 

tests 

102-3 

17.8 

3.3 

0 

0 

90-160 

130 

Avg.  of  3 

tests 

Unconsolidated-Undrained  Compression  Tests 

102-3-5 

18.7 

2.3 

2 

0 

145 

-6 

18.5 

1.6 

4 

0 

350 

-7 

17.1 

2.2 

4 

1 

0.7 

200 

2 

1.3 

110-160 

135 

-8 

18.1 

2.1 

4 

4 

0.5 

310-370 

341 

4 

1.1 

180-370 

274 

-10 

17.4 

1.8 

2 

5 

0.5 

235-325 

289 

-11 

16.6 

1.9 

2 

6 

0.5 

110-150 

138 

Large  stone 

in  specimen 

-13 

17.6 

= 2.5 

1.7 

8 

0.25 

355-435 

406 

9 

0.5 

380-465 

422 

9 

0.75 

415-470 

444 

-12 

18.4 

2.5 

1.7 

9 

0.25 

480-588 

542 

Large  spec. 

(2.8"  diam.) 

10 

0.5 

562-685 

628 

8 

0.75 

641-685 

664 

Consolidated-Undrained  Compression  Test 

-9 

3.4 

4 

4 

0.5 

840-1160 

965 

16.4 

4 

1.1 

840-980 

905 

TABLE  II 

Computed  Modulus  of  Elasticity  of  Subsoil 


Depth  of  Layer, 
ft. 

Modulus  of  Elasticity, 

TSF 

M = 0.5 

M = 0.4 

n = 0.3 

30 

250 

420 

540 

40 

440 

620 

760 
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s The>’  are  ail  of  the  same  shape  and 
I fall  move  closeh’  together  with  each 
c\cle  at  an\’  stress  le\  el.  For  sim- 

I 

V plicity,  the  rebound  curves  were  also 
•;  omitted.  Except  for  the  first  one  or 

V two  c>’cles  at  each  stress  le\’el,  when 
1'  the  loop  was  quite  wide,  the  unload- 
I ing  curves  plotted  as  lines  almost 
f parallel  to  the  reloading  curves  and 
f only  very  slightly  displaced  to  the 

• right  of  them.  There  was  very  little 
question  about  the  computed  value  of 
the  modulus  of  elasticity  because  most 
plots  were  straight  lines  and  those 
that  curved  slightly  had  distinct 
straight  sections.  Complete  destruc- 
tion of  the  specimen,  following  oven 
dr\ing,  showed  that  it  contained  no 

i.  large  stones. 

It  was  noticed  that  there  was  a 
.>  tendency  for  the  value  of  modulus  of 

• elasticity  to  increase  with  each  stress 
: cycle,  levelling  off  at  about  660  TSF 

after  nearly  20  cycles  (Fig.  7).  This 
trend  to  increase  with  cycle  had  been 
I.;  noticed  in  similar  tests  on  the  smaller 
specimens.  A six-fold  increase  in  the 

trate  of  strain  during  cycling  (Fig.  7) 
made  no  appreciable  change  to  the 
) ! test  result. 

A consolidated-undrained  test  with 
cycling  axial  stress  gave  a very  high 
value  for  the  modulus  (Sample 
102-3-9,  Table  I).  This  type  of  test  is 
not  considered  to  be  appropriate  to 
the  problem  but  it  has  been  suggested 
by  Simons'^  that  it  be  used,  with  a 
correction  for  change  in  water  con- 
tent, to  arrive  at  a more  realistic 
value  of  modulus  of  elasticity.  This 
illustrates  the  difficulty  of  obtaining 
consistent  values  of  a modulus  which 
is  so  sensitive  to  slight  changes  in 
water  content. 

The  best  laboratory  value  for  modu- 
lus of  elasticity  in  the  stress  range 
applied  by  the  building  loads  is  about 
600  TSF.  A perfectly  undisturbed 
specimen  would  be  expected  to  give 
a higher  value  but  a specimen  loaded 
at  field  rates  should  give  a lower 
value.  Assuming  these  two  influences 
to  be  compensating,  the  laboratory 
and  field  values  agree  reasonably 
well  if  Poisson’s  ratio  is  between  0.3 
and  0.4.  Agreement  is  poor  if  Pois- 
son’s ratio  is  assumed  to  be  0.5 
(Table  II). 

Foundation  Design 

In  selecting  a mat  foundation  for 
Mt.  Sinai  Hospital,  the  designers  had 
the  benefit  of  the  recent  experience 
at  the  Hospital  for  Sick  Children, 
located  directly  across  University 
Avenue  from  the  proposed  site.  For 
the  Sick  Children’s  Hospital  considera- 
tion had  been  given  to  caissons,  steel 
piles,  spread  footings  or  a mat  foun- 
dation. Caissons  were  unacceptable 
due  to  anticipated  ground-water  prob- 


lems; piles  were  ruled  out  due  to  the 
noise  of  pile  driving  and  the  expected 
difficulty  of  striking  large  boulders  in 
the  subsoil.  Both  of  these  foundation 
systems  were  judged,  in  addition,  to 
be  much  more  costly  than  either  a 
mat  or  spread  footings. 

Consideration  of  site  conditions  in- 
dicated a preference  for  a mat  foun- 
dation rather  than  spread  footings. 
Primarily  it  was  thought  desirable  to 
distribute  the  building  load  through  a 
relatively  rigid  mat  in  order  to  reduce 
the  effects  of  known  variations  in  the 
compressibility  of  the  subsoil.  As  a 
result,  the  main  wing  of  the  Sick 
Children’s  Hospital  was  founded  on 
a mat  and  the  lighter  wings  were  put 
on  spread  footings. 

The  performance  of  the  foundation 
for  the  Mt.  Sinai  Hospital  is  illustrated 
by  the  settlement  contours  shown  on 
Fig.  6.  These  contours  are  based  on 
column  deflection  measurements  and 
do  not  therefore  give  sufficient  in- 
formation to  compute  bending  mo- 
ments in  the  mat.  Since  the  structural 
design  of  a mat  is  based  on  an  esti- 
mate of  the  soil  pressure  variation 
that  will  exist  under  the  mat  and 
this,  in  turn,  is  dependent  on  the 
rigidity  of  the  combined  structure  and 
mat  (see  for  instance  Grasshoff)^  a 
rather  large  number  of  approxima- 
tions must  be  made.  Field  measure- 
ments are  required  to  assess  the  qual- 
ity of  the  approximations.  Unfortun- 
ately it  is  very  difficult  to  establish 
instrumentation  for  the  measurement 
of  very  slight  deflections  in  the  mat 
and  it  was  not  possible  for  this  study. 

The  maximum  measured  differen- 
tial column  deflections  may  have  been 
too  small  for  appreciable  development 
of  the  potential  structural  resistance 
to  deformation.  If  so  it  might  be  de- 
duced that  a perfectly  flexible  struc- 
ture would  experience  the  same  de- 
formation. Further  study  along  this 
line  appears  to  be  warranted  in  an 
effort  to  reduce  mat  thicknesses  and 
rigidity  without  seriously  increasing 
the  differential  settlement  of  the 
building. 

Conclusions 

1.  A mat  foundation  on  a subsoil 
typical  of  that  under  downtown 
Toronto  is  completely  satisfactory. 

2.  The  standard  laboratory  consolida- 
tion test  considerably  overestimated 
the  settlement  of  a structure  on 
this  type  of  soil  (glacial  till). 

3.  Compression  of  this  type  of  soil 
under  the  loads  quoted  appears 
to  be  primarily  of  an  elastic  nature. 

4.  The  accuracy  of  laboratory  deter- 
mination of  modulus  of  elasticity 
appears  to  be  greatly  increased  by 
triaxial  shear  tests  in  which  axial 
stress  is  cycled. 


5.  Further  improvement  in  modulus 
is  obtained  by  using  larger  than 
normal  specimens. 

6.  The  usual  practice  of  assuming 
Poisson’s  ratio  to  be  equal  to  0.5 
for  saturated  soils  is  questioned. 

7.  At  the  time  of  construction  a mat 
foundation  was  the  most  economi- 
cal under  stated  design  conditions. 
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The  knowledge  of  losses  in 
electrical  steel  is  essential  in  the 
design  of  electrical  machines  for  the 
attainment  of  optimum  performance, 
highest  efficiency,  lowest  manufactur- 
ing cost. 

The  current  state  of  this  knowledge 
is  such  that  a prediction  of  losses  in 
specific  machines  is  not  possible  with- 
out the  use  of  empirical  or  “experi- 
ence” factors,  the  adequacy  of  which 
in  many  cases  is  open  to  question. 
Total  loss  is  known  to  depend  on  the 
spatial  flux  distribution,  the  rotating 
and  oscillatory  flux  density  compon- 
ents, and  flux  waveform.  Alternatively, 
it  can  be  expressed  in  terms  of  para- 
meters describing  the  magnetic  field 
strength,  H.  The  inability  to  account 
completely  for  measured  loss  is  due 
to  the  meagre  understanding  of  the 
contribution  of  each  of  these  para- 
meters and  to  their  variation  from 
one  design  to  another. 

At  present,  the  ASTM  Standards  on 
magnetic  materials  describe  and  re- 
commend a method  for  loss  measure- 
ment limited  to  an  oscillatory  sinu- 
soidal flux  at  10  and  15  Kilogauss 
peak  flux  density  (the  Epstein 
Method).  In  practice,  non-sinusoidal 
waveforms  at  much  higher  flux  densi- 
ties are  encountered,  and  frequently 
rotational  and  oscillatory  magnetisa- 
tion occur  simultaneously.  It  is  there- 
fore left  to  the  skill  and  experience  of 
the  design  engineer  and  test  engineer 
to  predict  and  measure  the  actual  loss 
in  a machine. 

There  are  three  main  reasons  for 
this  undesirable  situation. 

(1)  It  is  difficult  to  manufacture 
economically,  large  quantities  of  elec- 
trical steel  having  a high  degree  of 
uniformity  in  magnetic  properties. 
Variations  of  5-15%  in  some  para- 
meters are  quite  normal  and  accepted. 
Steel  producers  therefore  do  not 
favor  more  detailed  specifications  for 
their  products. 


(2)  In  comparison  with  electrical 
qnantities  such  as  voltage,  current  and 
frequency,  loss  measurements  cannot 
attain  the  same  degree  of  accuracy. 
The  standard  methods  are  still  subject 
to  discussion,  while  the  difficulties 
increase  rapidly  at  flux  densities  close 
to  and  beyond  saturation. 

(3)  There  is  a lack  of  information 
on  the  dynamic  flux  patterns  in  rota- 
ting machinery  due  to  the  difficulty 
of  measurement.  Simple  search  coils 
measure  a spatial  average  of  AC  flux 
and  do  not  detect  DC  flux.  Rotating 
and  vibratory  search  coils  and  Hall 
probes  provide  a close  approximation 
to  point  measurement  of  both  AC  and 
DC  flux,  but  must  operate  in  an  air 
gap.  Furthermore,  sliprings  or  special 
instruments  are  needed  to  transfer 
flnx  data  generated  by  any  transducer 
from  a rotating  member  to  stationary 
surrounding  equipment. 

The  method  of  loss  measurement 
described  herein  is  restricted  to  the 
condition  of  uniform  oscillatory  mag- 
netisation. 

FUNCTIONAL  REQUIREMENTS 

The  Epstein  method  is  used  primar- 
ily for  quality  acceptance  tests.  For 
more  comprehensive  loss  measure- 
ments, equipment  should  be  capable 
of  the  following  functions. 

(1)  Magnetisation  of  standard  test 
samples  up  to  and  beyond  saturation 
in  such  a manner  that  either  flux 
waveform  or  magnetic  field  waveform 
can  be  controlled. 

(2)  Measurement  of  loss  under 
either  of  these  conditions. 

(3)  Measurement  of  both  peak  flux 
density  and  peak  magnetic  field 
strength.  Thus  loss  can  be  related  to 
both  quantities. 

Several  benefits  accrue  from  equip- 
ment of  this  type: 

(I)  The  data  generated  can  more 
closely  approximate  the  operating 
levels  and  conditions  encountered  in 
electrical  machines. 


(2)  It  will  provide  greater  under- 
standing of  the  dependence  of  loss 
on  peak  flux  density,  magnetic  field 
strength  and  harmonics. 

(3)  The  metallurgical  treatment  and 
handling  of  steel  (e.g.  annealing, 
punching  and  coating)  can  be  modi- 
fied to  further  minimize  loss. 

EQUIPMENT  DESIGN 

At  flux  densities  below  saturation 
and  for  sinusoidal  flux,  the  Epstein 
equipment  is  satisfactory.  At  higher 
flux  densities,  problems  arise  that 
illustrate  some  of  the  difficulties  asso- 
ciated with  high  flux  density  equip- 
ment design  and  have  been  described 
by  Cormack.i  The  frame  can  no 
longer  produce  a uniform  magnetisa- 
tion in  the  samples  due  to  leakage 
flux  at  the  corners;  the  flux  waveform 
contains  harmonics  caused  by  the 
impedance  of  the  supply  generator 
and  the  frame;  the  accuracy  of  the 
Wattmeter  suffers  greatly  due  to  the 
small  phase  angle  between  the  exci- 
tation current  and  the  secondary 
frame  winding  voltage. 

The  problem  of  non-uniform  mag- 
netisation can  be  overcome  with 
parallel-coil  excitation  and  by  measur- 
ing flux  density,  magnetic  field 
strength  and  loss  in  a small  region 
where  the  flux  distribution  is  suffi- 
ciently uniform.  The  suppression  of 
harmonics  requires  a power  source 
specifically  designed  for  the  purpose. 

SUMMARY  OF 
EQUIPMENT  FUNCTIONS 

Equipment  has  been  developed  and 
a measurement  technique  established 
which  meets  the  requirements  already 
outlined. 

The  yoke  is  capable  of  magnetising 
a number  of  Epstein  type  steel  sam- 
ples with  a peak  magnetic  field 
strength  of  2500  Oe.  (approx.  5000 
AT/in.). 

The  power  source  can  excite  the 
yoke  to  produce  2500  Oe.  peak  and 
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is  capable  of  reproducing  in  the 
samples  the  flux  and  magnetic  field 
strength  waveforms  experienced  in 
electrical  machines  (fundamental  fre- 
quency 30-90  c/s). 

Peak  flux  density  and  peak  mag- 
netic field  strength  can  be  measured 
at  the  location  of  maximum  uni- 
formity. 

Instrumentation  enables  loss  to  be 
measured  calorimetrically  at  this  same 
location. 

With  this  equipment  it  is  antici- 
pated that  loss  tests  can  be  performed 
on  all  commercially  available  electri- 
cal sheet  steels  up  to  and  beyond 
saturation.  The  waveforms  of  either 
the  flux  density  or  magnetic  field 
strength  would  be  controlled  within 
a fundamental  frequency  range  of 
30-90  c/s. 

The  Yoke 

The  yoke  is  designed  for  a maxi- 
mum excitation  of  2000  ampere- 
tums/cm.  This  is  about  eight  times 


the  maximum  obtained  in  an  Epstein 
frame.  At  this  excitation  all  known 
electrical  steels  have  reached  satura- 
tion. The  peak  flux  density  in  these 
steels  will  then  be  between  20  and  24 
kilogauss,  depending  on  the  type  of 
steel. 

It  was  decided  to  use  standard 
Epstein  samples,  3 cm.  by  28'  cm., 
so  that  the  test  data  would  be  directly 
comparable  to  Epstein  data.  Narrower 
samples  could  not  be  considered,  since 
earlier  investigation  by  others  showed 
that  a minimum  width  of  3 cm.  is 
required  to  sufficiently  reduce  the  in- 
fluence of  the  sheared  edges  on  the 
loss  in  the  material. 

Parallel-connected  coil  sections  were 
adopted  as  a basis  for  the  yoke  design. 
Since  the  supply  voltage  is  applied 
to  each  section,  the  flux  distribution 
becomes  uniform  for  an  appreciable 
distance  along  the  axis  at  the  centre 
of  the  yoke.  To  obtain  a rigid  coil  of 
high  thermal  conductivity,  a rectangu- 
lar wire  was  used  with  a silica-filled 


epoxy  brushed  between  layers. 

Figs.  1 and  2 show  a cross  section 
and  side  elevation  of  the  yoke.  To 
dissipate  the  heat  generated  by  the 
1-R  losses,  the  coil  is  placed  in  a 
plexiglass  tank  and  water  is  pumped 
through  a water  jacket  at  the  centre 
of  the  coil,  and  through  the  tank 
around  the  outside  of  the  coil.  The 
parallel  connection  of  the  seven  coil 
sections  is  made  inside  the  tank  and 
only  the  two  terminals  appear  through 
the  lid  of  the  tank. 

The  rectangular  tube  forming  the 
inner  wall  of  the  water  jacket  accepts 
the  test  samples  and  serves  as  a coil- 
former  for  the  B coil.  A texolite  strip, 
the  H-coil  fomer,  is  placed  in  the 
centre  of  the  tube  and  carries  two 
H-coils. 

The  return  yoke,  which  closes  the 
magnetic  circuit,  consists  of  inter- 
leaved U-shaped  steel  laminations 
stacked  around  the  outside  of  the 
tank.  To  suppress  magnetic  and  elec- 
trical interference  in  the  search  coil 
circuits,  co-axial  cable  was  used 
throughout. 

Tests  on  the  yoke  show  that  the 
flux  density  in  the  samples  at  2000 
ampere-turns/cm.  is  uniform  within 
±0.35%  over  a length  of  8 cm.  at  the 
centre  of  the  coil.  Heat  runs  on  the 


Fig.  3. 


yoke  show  that  the  hot  spot  tempera- 
ture at  the  rated  current  of  210  amps 
r.m.s.  is  only  7.5°C;  at  260  amps 
r.m.s.  the  hot  spot  is  130°C.  These 
measurements  indicate  that  the  yoke 
can  produce  the  required  uniform, 
high  flux  densities. 

The  Power  Source 

Flax  Harmonic  Generation 

It  is  well  known  that  harmonics  are 
generated  in  the  magnetic  flux  in  the 
steel  when  the  yoke  is  energised  from 
a sinusoidal  voltage  source.  At  levels 
well  below  saturation,  the  percentage 
of  added  harmonics  is  negligible  for 
loss  measurement  purposes  and  a vari- 
able frequency  AC  generator  is  ade- 
quate. At  high  flux  densities  the  level 
of  harmonics  is  unacceptable  and  a 
more  sophisticated  po^^■er  source  is 
necessary.  Measnreinents  made  on  an 
Epstein  frame  excited  by  a 12  kw. 
60  c/s  generator  reveal  the  follow  ing 
figures  for  harmonic  generation  in 
motor  grade  steel. 


Fig.  2. 
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POWER  SOURCE  WITH  YOKE 
(CONTROLLED  FLUX  WAVE-FORM) 

Fig.  4, 


Max.  Flux  Density— kg  15  18  19 

Approx.  kl/in2  96  116  123 

% Harmonic  Generated  0.8  4 7 

Harmonic  generation  under  these 
circumstances  has  been  analysed  by 
Astbury^  and  is  also  described  by 
McFarlane  and  Harris.^  A brief  review 
follows. 

The  equivalent  circuit  of  a sinu- 
soidal generator  driving  the  yoke  is 
shown  in  Fig.  3.  The  impedance  com- 
ponents of  the  yoke  are  Ry,  Xy,  and 
Xy  where  Xy  is  the  reactance  asso- 
ciated with  the  steel  core  and  Xy  the 
leakage  reactance.  The  internal  im- 
pedance components  of  the  generator 
are  shown  combined  and  of  magni- 
tude Z.  For  flux  excursions  well  below 
the  steel  saturation  limits,  variations 
in  Xy  are  negligible  and  the  current 
and  voltage  components  in  the  circuit 
are  sinusoidal — in  particular,  the 
voltage  associated  with  the  reactance 
Xy.  When  the  steel  is  driven  to  satura- 
tion the  magnitude  of  Xy  varies  widely 
throughout  the  cycle  causing  the 
waveforms  of  current  and  voltage  to 
depart  from  a sine  wave.  Thus  har- 
monics are  generated  uncontrollably 
in  the  waveform  of  V(j),  and  corre- 
spondingly in  the  flux.  It  should  be 
noted  here  that  an  attempt  to  lower 
the  generator  internal  impedance  by 
increasing  the  rating  does  not  solve 
the  problem  entirely,  since  it  is  im- 
possible to  design  a yoke  where  Ry 
and  Xy  are  negligible  in  comparison 
with  the  minimum  value  assumed  by 
X,. 

Feedback  Amplifiers 

Feedback  amplifier  techniques  pro- 
vide an  elegant  means  of  reducing  the 
generation  of  flux  harmonics  and  have 


been  in  use  for  some  years  in  steel 
loss  measurement  equipment.  The 
theory  has  been  presented  by  McFar- 
lane and  Harris.® 

The  power  source  described  in  this 
paper  is  a negative  feedback  amplifier 
specifically  designed  to  operate  the 
yoke.  The  design  requirements  speci- 
fied were: 

(1)  Peak  output  current  300  amps. 

(2)  Peak  output  voltage  60  volts 

(3)  Frequency  range  for 

fundamental  flux 

component 30-90  c/s 

(4)  Frequency  range  for 

harmonics  90-2000  c/s 

(5)  Flux  distortion  at 

maximum  yoke 

current  5%  maximum 

Power  Source  Design 

Tube-type  audio  amplifiers  are 
available  capable  of  supplying  the 
voltage  and  current,  provided  that 
the  yoke  is  properly  matched.  How- 
ever, it  is  most  desirable  to  couple  the 
yoke  directly  to  the  amplifier;  in  the 
first  place,  this  permits  the  highest 
degree  of  feedback  consistent  with 
stability;  and  secondly,  a high  quality 
transformer  of  10  kva.  rating,  with 
a frequency  response  extending  down 
to  perhaps  3 e/s,  is  avoided.  Direct 
coupling  makes  partial  use  of  the 
voltage  rating  of  any  tube,  and  paral- 
lel operation  which  is  necessary  to 
extend  the  current  rating,  results  in 
an  unweildy  system,  uneconomical  in 
first  cost.  In  addition,  the  high  instan- 
taneous minimum  plate  voltage  (typi- 
cally 75-100  volts)  results  in  a sub- 
stantial power  loss  in  the  power 
source. 

In  contrast,  power  transistors  are 
basically  suitable  for  direct  coupling 


to  the  yoke.  These  devices,  when 
used  in  the  Common  Collector  con- 
figuration, exhibit  an  individual  out- 
put impedance  of  a fraction  of  an 
ohm  and  are  available  with  voltage 
ratings  up  to  100  volts  and  current 
ratings  up  to  50  amps.  The  main  dis- 
advantages for  this  application  are  the 
limited  power  dissipating  ability  and 
the  small  band-width.  Since  series  and 
parallel  connections  are  necessary  it 
should  be  mentioned  that  the  small 
physical  size,  low  cost,  permanence 
and  the  freedom  from  auxiliary  heat- 
ing power  are  features  favorable  to 
this  approach. 

The  block  diagram  of  the  power 
source,  as  designed,  is  shown  in  Fig. 
4.  High  voltage-gain  is  achieved  with 
a DC  tube  preamplifier,  high  current- 
gain  with  the  transistor  main  ampli- 
fier, and  voltage-to-current  transfor- 
mation by  coupling  the  two  with  a 
Cathode  Follower.  The  feedback 
voltage  from  the  B-coil  is  returned 
to  the  preamplifier  via  a differential 
input  connection.  Thus  the  power 
source  input  signal  is  the  time  deriva- 
tive of  the  required  flux  waveform. 

Stability  at  low  frequencies  is  en- 
sured by  using  only  two  coupling 
circuits  which  produce  phase-shift. 
High-frequency  instability  limits  the 
loop  gain  and  therefore  the  minimisa- 
tion of  flux  harmonics.  The  band- 
width of  the  main  amplifier  is  much 
less  than  the  preamplifier  or  Cathode 
Follower  and  sets  this  limit.  Fortun- 
ately, of  the  three  alternatives  the 
Common  Collector  configuration  has 
the  widest  frequency  band  and  by 
measurement  this  was  found  to  extend 
to  80  kc/s.  A dominant  lag  network 
is  inserted  in  the  loop  to  control  the 
loop  gain  and  phase  characteristics. 

Since  the  main  amplifier  is  un- 
conventional, some  further  detail  is 
presented.  The  yoke  is  driven  by  the 
two  halves  of  a Class  B push-pull 
amplifier  in  a configuration  which 
avoids  a centre-tap  (Fig.  5).  Physically, 
the  amplifier  is  distributed  between 
four  boxes,  each  being  complete  in 
itself  as  a Class  B amplifier  capable 
of  supplying  75  amp.  peak  at  60 


Fig.  5. 
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volts  peak.  With  parallel  connection, 
300  amp.  peak  is  realised.  Each  half 
of  each  hex  comprises  18  transistor 
strings  carrying  4 amps  per  string 
and  parallel  connected  to  a driver 
string.  To  meet  the  voltage  require- 
ment for  the  amplifier  two  transistors 
are  series  connected  in  each  string 
with  voltage  sharing  enforced  by  a 
resistor  bridge.  The  input  requirement 
for  the  amplifier  is  120  mA  peak  and 
the  current  gain  is  2500.  Amplitude 
and  phase  characteristics  are  shown 
in  Fig.  6. 

Cooling  of  the  transistors  presents 
a major  problem.  Due  to  the  pre- 
dominantly reactive  nature  of  the 
yoke  impedance  the  input  power  (9 
kw.  max.)  is  almost  entirely  dissipated 
in  the  amplifier.  The  large  number  of 
transistors  involved  justifies  an  ela- 
borate cooling  system.  The  basic 
principle  is  presented  in  Fig.  7 where 
a jet  of  oil  is  shown  projected  onto 
the  case  of  the  transistor.  The  oil  is 
then  circulated  through  a heat  ex- 
changer. 

Power  Source  Performance 

The  following  measurements  made 
at  60  c/ s on  motor  grade  steel  demon- 
strate the  effectiveness  of  the  system 
in  minimising  flux  harmonic  genera- 
tion. (27  db  of  feedback  applied) 

Peak  Magnetic 

Field  Strength  2500  Oe.  (5000AT/in.) 

Peak  Induction  22  kg  (143  kl/in.2) 
Harmonic 

Order  3 5 7 and  over 

% Harmonic 

Content  2 1 <1% 

Flux  Density  Measurement 

As  mentioned  earlier,  several  search 
coils  are  built  into  the  yoke:  one  B- 
coil  and  two  H-coils.  The  voltage 
induced  in  the  B-coil  is  used  for  mea- 
surement of  the  flux  density,  B,  and 
also  for  the  feedback  to  the  power 
source  preamplifier.  One  H-coil  is  for 
direct  measurement  of  the  magnetic 
field  strength,  H,  and  the  other  for 
compensating  the  B-coil  voltage  for 
the  air  leakage  flux. 

The  circuit  for  the  search  coils  is 
shown  in  Fig.  8.  The  area  turns  of 


Fig.  6. 
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Fig.  7. 

the  H-compensating  coil  is  slightly 
greater  than  that  of  the  B-coil  and 
the  coils  are  connected  with  bucking 
polarity.  Potentiometer  R is  adjusted 
to  a permanent  setting  in  the  follow- 
ing manner,  when  the  yoke  is  first 
put  into  use.  With  the  wiper  of  po- 
tentiometer Rji  set  to  end  X,  Figure  8, 
excitation  applied,  and  no  samples  in 
place,  the  potentiometer  R is  adjusted 
to  make  Vg  = 0. 

When  a sample  is  inserted  in  the 
yoke  the  potentiometer  is  adjusted 
to  reduce  the  bucking  voltage  frac- 
tionally in  the  ratio  of  the  steel  cross- 
sectional  area  to  the  B-coil  area.  For 
example,  if  the  steel  area  is  10%  of 
the  B-coil  area,  the  bucking  voltage 
is  reduced  by  10%  from  the  maximum. 
The  voltage  Vg  is  then  the  same  as 
the  voltage  that  would  be  induced  in 
a coil  wound  around  the  samples  from 
which  air  leakage  flux  was  absent. 
The  dial  on  potentiometer  R^  is  cali- 
brated to  read  area  in  square  centi- 
metres. When  measured  with  an  inte- 
grating voltmeter  (e.g.  an  average- 
reading vacuum  tube  voltmeter),  this 
voltage  is  a true  measure  of  the  peak 
flux  density  in  the  sample,  providing 
that  odd  harmonics  only  are  present. 
This  conditions  is  fulfilled  when  the 
yoke  is  excited  solely  with  AC  cur- 
rent.^ 

When  both  measurement  and  con- 
trol of  the  magnetic  field  strength 
are  desired,  the  voltage  produced 
by  the  H-coil,  Fig.  8,  can  be  used 
directly  without  any  compensating 
circuit.  The  estimated  accuracy  of 
this  measurement  is  ±2%. 

Loss  Measurement 

Since  simple  electrical  measurement 
of  the  loss  is  impractical  when  the 
steel  is  magnetized  beyond  saturation 
limits,  a calorimetric  method  was  de- 
vised in  which  the  rate  of  heat  gen- 
eration due  to  loss  was  calculated 
from  the  measured  rate  of  tempera- 
ture rise. 

Figs.  1 and  2 show  the  steel 
samples  inserted  in  the  window  of 
the  yoke.  As  indicated  in  Fig.  1,  four 
samples  are  tested  at  a time:  two  in 
the  top  half  of  the  window  above  the 
H-coil  former,  and  two  in  the  bottom 
half  of  the  window  below  the  H-coil 
former. 

A strip  of  cardboard  carrying  two 


bead  thermistors  is  sandwiched  tightly 
between  each  pair  of  steel  samples. 
The  thermistors  are  connected  into 
one  arm  of  a simple  Wheatstone 
bridge  and  the  unbalanced  bridge 
voltage  recorded  with  a L & N 
Speedomax  G,  Model  S Recorder. 

Water  from  a reservoir  is  pumped 
through  the  water  jacket  around  the 
window  in  the  coil  to  cool  the  coil 
and  to  provide  a constant-temperature 
surfaee  in  sight  of  the  steel  strips. 

Before  starting  a loss  test,  the 
system  is  allowed  to  cool  until  the  rate 
of  temperature  drop  of  the  thermistors 
is  constant.  For  the  actual  test,  the 
cooling  curve  is  recorded  for  about 
10  seconds,  then  the  excitation  is 
applied  rapidly  and  the  heating  curve 
recorded  for  an  additional  10  seconds. 

In  Fig.  9 typical  thermistor  cooling 
and  heating  curves  are  shown  as  the 
solid  lines  DE  and  E F G H.  The 
corresponding  curves  of  actual  steel- 
sample  temperature  are  shown  as  the 
dashed  lines  I J and  J K L M {in  this 
figure  the  difference  between  steel 
sample  and  thermistor  temperatures 
has  been  greatly  exaggerated). 

If  the  simple  exponential  curve 
M L K is  produced  back  to  intercept 
the  line  I J and  N,  the  rate  of  heat 
generation  per  unit  weight,  P^,  is 
given  by 

Pc  =:  c(tan  4-  tan  ^2)  (1) 

where  c is  the  effective  specific  heat 
of  the  steel  samples,  the  thermistor, 
and  the  cardboard  strip  in  contact 
with  the  steel.  The  thermistor  curve 
F G H is  an  exact  reproduction  of  the 
steel  curve  KLM  but  shifted  hori- 
zontally to  the  right.  If  this  curve  is 
produced  back  to  point  P then 

^2  =^4  (approx.)  (2) 

Since  the  thermistor  and  the  steel 
samples  are  both  cooling  at  a constant 
rate,  the  curves  D E and  I J are 
parallel  straight  lines  and  therefore 

/3i  = (3) 

Substituting  ^83  and  ^84  from  equations 
(2)  and  (3)  into  equation  (1)  gives 
Pc  = c(tan  -f  tan  ^84)  (4) 

Tan  R3,  the  slope  of  the  thermistor 
cooling  curve,  can  easily  be  measured 
on  the  recorder  chart.  Tan  ^84  is  de- 


Fig.  8. 
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TEMPERATURE- TIME  CURVES 
FOR  STEEL  SAMPLE  AND  THERMISTOR 

Fig.  9. 


termined  by  fitting  an  exponential 
equation  to  the  curve  F G H and 
evaluating  the  derivative  at  point  P. 

The  effective  specific  heat,  c,  is 
determined  by  producing  a known 
rate  of  heat  generation  in  the  steel  by 
passing  an  electrical  current  through 
the  strips  and  recording  the  cooling 
and  heating  curves  in  the  same  man- 
ner as  for  the  loss  tests.  Equation  (4) 
is  then  solved  for  the  effective  specific 
heat,  c. 

About  25  sources  of  error  in  this 
calorimetric  determination  of  the  loss 
were  recognized  and  investigated. 
The  apparatus,  the  test  procedure. 


and  the  method  of  calculation  have 
been  carefully  designed  to  minimize 
these  errors.  The  systematic  error  is 
believed  to  be  less  than  1%  and  the 
random  error  less  than  2%  for  losses 
in  the  range  of  1 to  10  watts  per 
pound. 

Experimental  Results 
An  example  of  the  measurements 
obtained  is  given  in  Fig.  10.  In  this 
case  samples  of  25  mil  motor  grade 
steel  were  magnetised  to  produce  a 
sinusoidal  flux  at  frequencies  ranging 
from  30  to  660  c/s.  Due  to  the  volt- 
age limitation  on  the  power  source. 


the  highest  peak  flux  destiny  that  can 
be  achieved  decreases  with  increasing 
frequency. 

It  is  not  intended  that  high  density 
measurement  be  undertaken  for  ma- 
chine design  purposes  above  a funda- 
mental frequency  of  90  c/s.  Thus  the 
accuracy  of  loss  measurement  above 
10  watts/lb.  has  not  been  closely 
checked.  Measurements  in  the  range 
10-100  watts/lb.  are  included  here 
as  an  illustration  of  the  trend  in  loss 
with  increasing  frequency  and  of  the 
potential  usefulness  of  the  equipment 
for  research.  However,  measurement 
accuracy  in  the  fundamental  fre- 
quency range  30-90  c/s  has  been 
carefully  studied. 

The  results  at  60  c/s  have  been 
compared  with  Epstein  measurements 
over  the  15-17  Kilogauss  range,  which 
is  common  to  both  equipments,  and 
a fair  agreement  has  been  observed 
(Fig.  10).  Apparent  discrepancies  can 
be  due  to  a number  of  factors;  for 
example: 

(1)  Errors  exist  in  both  methods  in 
the  determination  of  loss  and  more 
especially  of  peak  flux  density. 

(2)  The  accuracy  of  the  Epstein 
measurement  is  uncertain  in  its  defi- 
nition. 

(3)  One  method  measures  loss  in 
bulk,  the  other  averages  loss  at  a 
number  of  points  on  the  samples. 

General  Comments 

A method  of  loss  measurement  has 
been  presented  which  includes  a brief 
description  of  the  basic  equipment. 
Mention  of  the  auxiliary  items  for 
signal  input  has  so  far  been  omitted. 
For  sinusoidal  flux,  an  audio  signal 
generator  is  satisfactory.  For  studying 
the  effect  of  harmonics,  equipment 
must  be  available  capable  of  generat- 
ing harmonics  with  controlled  ampli- 
tude and  phase,  which  can  then  be 
combined  with  the  fundamental. 
Again,  for  machine  design  purposes, 
means  for  observing  and  reproducing 
flux  and  magnetic  field  waveforms 
are  required. 

Improvements  to  the  equipment 
might  be  made,  such  as  increasing  the 
excitation  limit,  reducing  the  time  for 
each  measurement  and  reducing  the 
measurement  error.  This  will  depend 
on  the  adequacy  of  the  information 
that  it  is  capable  of  providing  and 
which  can  only  be  proven  in  time. 
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:1  Discussion  by  R.  M.  Goodeiham, 
Manager,  Canadian  Welding  Bureau 

It  is  not  my  duty  to  criticize  Mr. 
Hayward’s  paper  and  indeed  I would  have 
difficulty  in  doing  so.  In  fact  I am  glad 
to  associate  myself  with  his  remarks  and 
am  in  general  agreement  with  his  survey, 
his  recommendations  and  his  strictures. 

If  I can  serve  a purpose  it  is  perhaps  to 
emphasize  certain  points  which  from  my 
experience  and  present  responsibilities  seem 
of  particular  significance  and  importance. 

Firstly,  I would  fully  agree  on  the  need 
for  standards  of  acceptance  and  rejection 
for  space  frame  structures.  Obviously  cur- 
rent pressure  vessel  standards  are  not 
necessarily  applicable  and  indeed  it  is  ques- 
I tionable  if  they  are  suited  to  the  fields  of 
atomic  energy,  modern  power  stations  and 
some  petro-chemical  applications. 

I am  sure  the  CSA  would  gladly  estab- 
lish committees  for  the  purpose  of  develop- 
ing such  standards  if  industry  were  to 
clearly  signify  that  such  was  its  wish.  It 
may  be  hoped  that  Mr.  Hayward’s  paper 
will  further  serve  to  focus  attention  to  this 
problem  and  produce  more  concerted 
action  so  that  we  may  have  standards  for 
each  industry  and,  in  the  words  of  the 
author,  “no  better  or  no  worse  than 
needed’’. 

I am  glad  to  be  able  to  report  that  in 
line  with  the  author’s  thinking  the  CSA 
are  presently  forming  a committee,  at  in- 
dustry’s request,  to  develop  a Code  for 
Qualification  of  Welding  Inspectors  and 
Organizations.  This  will  serve  to  give  them 
equal  status  to  the  fabricators  whom  they 
test  and  who  are  already  qualified  and 
certified  under  CSA  Code  W47  ■ — “Weld- 
ing Qualification  Code  for  Application  to 
Fabricating  and  Contracting  Firms,  Their 
Welding  Personnel  and  Equipment”. 

Mr.  Hayward  has  politely  pointed  out 
the  limitations  of  radiography  and  ultra- 
sonic testing  and  the  advantages  of  magnetic 
particle  especially  for  bridges  and  buildings. 
Equally  politely  I confirm  and  emphasize 
his  views.  In  particular  I would  caution 
against  too  much  reliance  on  ultrasonic  in 
its  present  stage  of  development.  It  is  par- 
ticularly valuable  as  a scouting  medium  but 
indications  of  defects  need  confirmation  by 
X-ray. 

The  author  has  proposed  the  qualifica- 
tion of  welding  operators  by  non-destructive 
testing  and  again  I am  glad  to  advise  that 
a recent  amendment  to  CSA  Code  W47 
now  permits  this  by  X-ray.  The  Bureau  in 
preparation  for  such  a development  has  in 
the  past  made  many  tests  by  X-ray  which 
have  subsequently  been  confirmed  by  bend- 
ing and  thus  a satisfactory  correlation  be- 


tween the  two  has  been  developed.  It  is, 
however,  significant  that  no  such  correla- 
tion has  been  found  with  the  same  series 
of  tests  using  ultrasonic  which  tends  to 
confirm  the  report  of  the  author  that  re- 
search teams  have  not  yet  found  it  possible 
to  use  the  amplitude  of  the  echo  on  the 
oscillograph  as  a measure  of  defect  size. 

The  author  has  properly  emphasized  the 
importance  of  visual  inspection  particularly 
in  fit  up  before  welding  and  equally  during 
welding  itself.  It  is  an  example  of  the 
economy  of  quality  control  to  which  he 
made  early  reference. 

The  author  having  mentioned  the  need 
for  training  and  certifying  welding  inspec- 
tors could,  very  well  I think,  have  proposed 
from  his  experience  some  means  of  train- 
ing and  perhaps  he  may  be  prevailed  upon 
to  do  so.  The  problem  is  perplexing  and 
critical  to  some  of  us. 

Einally,  it  is  my  pleasure  to  report  that 
an  amendment  to  CSA  Code  W59  permit- 
ting 100%  efficiency  in  welded  butt  joints 
has  recently  been  adopted  in  recognition  of 
improved  weld  quality  and  control.  This  is 
in  keeping  with  similar  revisions  made 
some  years  ago  in  both  Great  Britain  and 
the  U.S.A. 


Discussion  by  R.  D.  Barer, 

Head,  Materials  Engineering  Pacific 
Naval  Laboratories. 

This  paper  is  a worthwhile  and  compre- 
hensive examination  of  the  topic  of  non- 
destructive testing  and  quality  control  ap- 
plied to  steel  weldments.  I find  myself  in 
wholehearted  agreement  with  many  of  the 
concepts  and  philosophies  expressed  by  Mr. 
Hayward.  In  fact,  I would  like  to  reinforce 
Mr.  Hayward’s  remarks  on  fabrication  costs 
being  highest  where  inspection  and  quality 
control  are  low.  In  our  experience  expen- 
sive re-working  has  been  the  result  on 
several  occasions  where  radiography,  or 
other  non-destructive  testing  control,  was 
not  used. 

In  Mr.  Hayward's  comments  on  the 
improvement  in  code  requirements  from 
85%  maximum  weld  joint  efficiency  to  the 
100%  now  allowed  because  of  x-ray  inspec- 
tion, I would  like  to  caution  that  100% 
x-ray  is  not  “per  se”  a guarantee  of  quality 
x-ray.  And  unless  you  attain  a high  level 
of  quality  in  your  radiographic  work  you 
can  not  really  assess  quality  of  a weld  — 
you  have  only  part  of  the  necessary  in- 
formation. The  qualification  of  radiographic 
personnel  will  undoubtedly  be  a major  step 
in  improving  the  situation.  I am  very  pleased 
to  see  that  Mr.  Hayward  reinforces  this  very 
point  in  his  remarks  on  “Setting-up  a 
Quality  Control  Program”  where  he  points 
out  that  the  value  of  the  results  obtained 
depend  to  a significant  degree  on  the  skill 
and  experience  of  the  technicians. 

In  the  remarks  on  “Welding  Code 
Quality  Standards”  based  upon  data  related 
to  knowledge  of  the  effects  of  weld  dis- 
continuities, 1 would  like  to  point  out  that 
the  technical  data  on  which  such  standards 
can  be  related  to  the  actual  effect  of  weld 
discontinuities  is  to  a large  extent  available 
in  the  “Proccctlings  of  the  3rd.  International 
Conference  on  NOT”  held  in  Tokyo  in 
March  196t). 

I am  inclineil  not  to  agree  with  Mr.  Hay- 


ward that  visual  inspection  “is  in  some  cases 
the  most  effective  form  of  weld  inspection 
available  today”.  While  I agree  that  it  is 
certainly  useful,  particularly  for  the  check- 
ing of  a fitup,  I do  not  believe  it  can  really 
be  a substitute  for  radiography,  for  ex- 
ample. The  need  for  a permanent  record 
is  a minor  aspect  of  this  but,  more  im- 
portant, is  the  fact  that  we  really  do  not 
know  what  is  inside  the  weld  except  by 
some  method  such  as  radiography.  As  well 
as  this,  are  the  psychological  benefits:  when 
a welder  knows  that  100%  or  random 
samples  of  his  work  will  be  checked  radio- 
graphically he  will  put  in  just  that  extra 
bit  of  care.  Radiography  is  also  useful  for 
discussing  with  welding  foremen  and  weld- 
ers themselves  the  defects  and  what  steps 
can  be  taken  to  make  improvements.  I 
would  also  like  to  emphasize  the  importance 
of  radiography  at  the  beginning  of  a new 
project  (as  well  as  follow-up  checks).  This 
is  most  important  for  the  tremendous  sav- 
ings possible  by  getting  a job  started  cor- 
rectly. These  last  comments  I notice  are 
also  very  similar  to  ones  made  by  Mr. 
Hayward  in  his  section  on  “Setting-up  a 
Quality  Control  Program”. 

I feel  sure  that  Mr.  Hayward’s  mention 
of  the  use  of  calcium  tungstate  screens  as 
a means  of  reducing  exposure  times  by 
factors  as  great  as  100,  was  included  prim- 
arily for  completeness  in  his  paper.  In  our 
experience  we  have  found  that  it  is  unwise 
to  use  them  for  anything  but  the  crudest 
of  checking  — in  fact  we  have  abandoned 
them  completely.  I suspect  that  Mr.  Hay- 
ward has  similar  sentiments  on  salt  screens 
because  on  reading  his  section  “Limitations 
of  Radiography  Methods”  he  points  out 
that  the  2%  sensitivity  standard  is  a mini- 
mum value,  and  in  order  to  detect  cracks 
and  similar  fine  defects  techniques  should 
be  used  which  give  the  optimum  in  sensi- 
tivity. 

I would  like  to  emphasize  and  support 
strongly  Mr.  Hayward’s  comments  regard- 
ing the  loss  in  contrast  when  using  isotopes 
as  compared  with  x-rays.  This  is  something 
that  often  tends  to  be  overlooked  and 
results,  as  he  points  out,  in  underestimating 
the  severity  of  an  observed  defect. 

I was  interested  in  Mr.  Hayward’s  re- 
marks on  the  use  of  Caesium  137  for 
examining  concrete  both  for  defects  and 
for  reinforcing  steel.  "We  also  had  occasion 
a few  years  ago  to  determine  the  presence 
of  reinforcing  rods  in  concrete  beams  by 
using  Cobalt  60. 

I find  myself  in  agreement  on  the  sub- 
ject of  qualification  of  welding  operators 
by  use  of  non-destructive  test  methods  as 
opposed  to  the  widely  used  physical  tests, 
particularly  as  pointed  out  by  Mr.  Hayward 
for  “welded  products  which  will  themselves 
he  accepted  for  service  on  results  obtained 
by  non-destructive  testing  examination”. 
There  is  however,  one  caution  that  must 
be  borne  in  mind  and  that  is  that  only 
physical  tests  can  really  establish  such 
things  as  ductility  and,  probably  more  im- 
portant in  some  applications,  the  notch 
toughness  of  a welded  structure.  It  should 
however  be  possible  to  establish  these  fac- 
tors in  preliminary  investigations  and  they 
need  not  necessarily  be  tied  in  with  the 
qualification  of  individual  welders. 

(Continued  on  page  56) 
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Month  to  month 


UNIVERSITY  REGISTRATION 

A gradual  decline  in  engineering  en- 
rolment was  noted  again  this  year  in 
information  obtained  by  the  Institute 
directly  from  registrars. 

Several  highlights  of  this  year’s  situa- 
tion, as  revealed  by  the  E.I.C.  survey, 
are: 

Total  undergraduate  enrolment  in 
Canadian  engineering  courses  now  stands 
at  14,390,  a decrease  of  500  from  last 
year. 

Engineering  freshmen  numbered  4,547 
in  the  autumn  of  1962,  a decrease  of  201 
from  the  autumn  of  1961. 

The  number  of  prospective  graduates 
in  the  spring  of  1963,  making  no  allow- 
ance for  wastage,  is  2,316,  a decrease  of 
274  from  the  previous  year. 

Civil,  electrical  and  mechanical  en- 
gineering remain  the  most  popular 
courses.  Eollowing  are  the  estimates  of 
these  prospective  1963  graduates,  with 
the  previous  year’s  estimates  in  brackets: 
Civil  650  (771);  Eleetrical  574  (643); 
Mechanical  (505)  (494). 

Readers  will  be  able  to  make  further 


detailed  observations  by  study  of  the 
tables  shown  on  pages  49-51.  If  any 
questions  should  arise,  E.I.C.  Head- 
quarters will  gladly  try  to  answer  them. 


REGIONAL  INFORMATION 
AND  CO-ORDINATION 
CENTRES  ANOTHER  E.I.C. 
MILESTONE 

In  Regina,  Sask.,  on  Saturday  October 
27,  1962,  the  first  two  Regional  Informa- 
tion and  Co-Ordination  Centre  meetings 
were  held  jointly.  Attended  by  the  two 
western  Regional  Vice-Presidents,  Frank 
Cazalet  and  John  Mantle,  Councillors 
representing  Branches  from  Victoria  to 
Winnipeg,  and  Chairman  of  a number  of 
Branches  and  Sections  in  Regions  I and 
II,  this  highly  successful  meeting  re- 
placed the  former  Zone  “A”  Council 
meeting.  President  Lawton  was  in  the 
Chair,  and  was  assisted  by  Vice-President 
G.  N.  Martin  of  Montreal  and  the  Gen- 
eral Secretary.  The  consensus  of  all  pres- 
ent was  that  the  meeting  was  of  much 
greater  value  to  the  Branches  and  to  the 


President  and  Council  than  the  previous 
type  of  meetings. 

This  meeting  is  the  first  of  a series 
of  Regional  Information  and  Co-Ordina- 
tion Centre  meetings  to  be  held,  one  in 
each  of  the  ten  Regions  in  Canada,  prior 
to  the  1963  Annual  Meeting.  This  new 
activity  is  a result  of  Council’s  decision  to 
initiate  a regional  system  for  improving 
the  information  and  co-ordination  activi- 
ties within  the  E.I.C.,  and  to  fully  de- 
velop the  role  of  the  Vice-Presidents  in 
extending  these  important  functions  of 
the  President.  (See  the  Engineering 
Journal,  November,  1962,  pages  70  and 
71). 

During  the  meeting,  the  delegates 
learned  at  first  hand  of  the  activities  of 
Council,  and  of  the  progress  and  plans 
of  the  Institute’s  Standing  Committees. 
Delegates  were  given  ample  opportunity 
to  ask  for  further  information  on  many 
items,  and  to  provide  the  President  and 
Vice-Presidents  with  their  thinking  about 
E.I.C.  policy  and  program  for  their 
guidance  at  meetings  of  Council  and  of 
the  Executive  Committee. 

The  enthusiastic  reaction  to  this  first 
“RI  & CC”  meeting  is  most  encouraging, 
and  augurs  well  for  greatly  improved 
information,  communication  and  activity 
at  all  levels  and  in  all  areas  of  the  E.I.C. 


COMING  EVENTS 

American  Chemical  Society.  Division  of 
Industrial  and  Engineering  Chemistry. 
29th  Annual  Symposium.  Houston, 
Tex.  Dec.  27-28. 

Chemical  Institute  of  Canada.  Biochemis- 
try Division.  Saskatoon.  January. 
Society  of  Automotive  Engineers,  Inc. 
Annual  Meeting  and  Engineering  Dis- 
play. Detroit.  Jan.  14-18. 

American  Society  for  Quality  Control, 
Institute  of  Radio  Engineers,  American 
Institute  of  Electrical  Engineers.  9th 
National  Symposium  on  Reliability  and 
Quality  Control.  San  Francisco.  Jan. 
22-25. 

Canadian  Pulp  and  Paper  Association. 
Technical  Section.  49th  Annual  Meet- 
ing. Montreal.  Jan.  22-25. 

American  Institute  of  Electrical  Engi- 
neers. Winter  General  Meeting.  New 
York  City.  Jan.  27-Feb.  1. 

American  Society  for  Testing  Materials. 

Committee  Week.  Montreal.  Feb.  3-8. 
American  Society  of  Heating,  Refriger- 
ating and  Air  Conditioning  Engineers. 
Semi-Annual  Meeting.  New  York  City. 
Feb.  11-14. 


E.I.C.  TIES 

Gentlemen’s  neckties,  bearing  the  E.I.C.  crest  and  specifically  designed  and 
manufactured  by  experts  in  London,  England,  are  now  available  to  the  membership. 

They  are  made  of  either  silk  or  Terylene,  and  with  backgrounds  of  either  blue 
or  maroon. 

Members  wishing  to  purchase  these  handsome  and  unique  neckties  may  do  so 
by  completing  and  returning  the  form  below,  along  with  their  remittance  to  cover 
the  cost.  The  regular  price  is  $5.00,  but,  because  of  a quantity  purchase  they  are 
offered  at  $4.00  for  a limited  time. 

The  Engineering  Institute  of  Canada 
2050  Mansfield  Street 
Montreal  2,  Quebec 

Please  send  me  the  following  E.I.C.  neckties,  for  which  payment  is  enclosed. 

Quantity  Price 

Blue  silk  @ $4.00  

Blue  Terylene  @ $4.00 

Red  silk  @ $4.00  

Red  Terylene  @ $4.00  

Date  NAME  


ADDRESS 


(please  print) 
(please  print) 
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Continuity  of  E.I.C.  Services 


Continuity  of  E.I.C.  services  to  the  membership 
depends  entirely  upon  the  speed  and  accuracy  with 
which  each  member  responds  to  our  requests  for 
information. 

In  particular,  the  new  publications  program,  which 
includes  the  provision  of  separate  papers  to  those 
members  who  order  one  or  more  of  the  five  Series 
of  Transactions  (see  the  Engineering  Journal,  Novem- 
ber, 1962,  pages  72  and  73),  MAKES  IT  ESSENTIAL 
THAT  THE  MEMBERS  COMPLETE  THEIR  PUB- 
LICATIONS ORDER  FORMS  AND  SEND  IN 
THEIR  FEES  AND  SUBSCRIPTIONS  WITH  THE 
MINIMUM  OF  DELAY. 

A few  months  ago,  we  mailed  a questionnaire  to 
each  recipient  of  the  Engineering  Journal,  asking  for 
personal  and  professional  information  that  will  help 
in  extending  E.I.C.  technical  services  on  an  individual 
basis,  and  in  our  continuing  program  of  improvement 
of  E.I.C.  publications. 


IF  YOU  HAVE  NOT  RETURNED  THIS 
QUESTIONNAIRE,  PLEASE  ASK  US  FOR 
ANOTHER  AND  COMPLETE  AND  RE- 
TURN IT  WITHOUT  FAIL. 
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Secretary-Treasurer,  P.  E.  Brunelle, 
A. M.E.I.C.,  441  Blvd.  Jacques  Cartier  N., 
Sherbrooke,  Que. 


EDMONTON 

Chairman,  B.  A.  Ellis,  M.E.I.C.,  12225  105 
Avenue,  Edmonton,  Alta. 
Secretary-Treasurer,  D.  B.  Smith,  M.E.I.C., 
9914  - 76th  Avenue,  Edmonton. 


FREDERICTON 

Chairman,  R.  H.  B.  McLaughlin,  M.E.I.C., 
Dept,  of  Civil  Engineering,  U.  of  New 
Brunswick,  Fredericton,  N.B. 

Secretary,  W.  B.  Cuthbertson,  M.E.I.C., 
173  Parkhurst  Drive,  Fredericton,  N.B. 


Canadian  I.A.E.S.T.E.: 


Joint  Committees 

E.  A.  Clarke,  Montreal 


Trusts 

Brace  Bequest:  D.  M.  Stephens,  Winnipeg 

Harry  F.  Bennett  Education  Fund: H.  W.  Umphrey,  Montreal 


HALIFAX 

Chairman,  J.  B.  Ternan,  M.E.I.C.,  P.O.  Box 
1000,  Halifax. 

Secretary-Treasurer,  D.  H.  Waller,  M.E.I.C., 
P.O.  Box  33,  Halifax. 


HAMILTON 

Chairman,  W.  A.  H.  Filer,  M.E.I.C.,  10 
James  Street  N.,  Hamilton. 
Secretary-Treasurer,  K.  R.  Crean,  M.E.I.C., 
Room  515,  42  James  Street  N.,  Hamilton. 


OFFICERS 
OF  THE  BRANCHES 


AMHERST 

Chairman,  W.  D.  Hagen,  M.E.I.C.,  c/o 
Robb  Engineering  Works  Ltd.,  Amherst, 
N.S. 

Secretary-Treasurer,  W.  G.  Miller,  M.E.I.C., 
23  Franklyn  Street,  Amherst,  N.S. 


BAIE  COMEAU 

Chairman,  Louis  Tellier,  M.E.I.C.,  P.O. 

Box  575,  Baie  Comeau,  Que. 

Secretary,  Douglas  G.  Manzer,  M.E.I.C., 
Box  207,  Site  7,  R.R.  1,  Hauterive,  Que. 


BELLEVILLE 

Chairman,  W.  J.  N.  Throop,  M.E.I.C.,  P.O. 
Box  305,  235  Herchimer  Avenue,  Belle- 
ville, Ont. 

Secretary-Treasurer,  E.  H.  Gilroy,  A.M.E.- 
I.C.,  45  Prince  of  Wales  Drive,  Belle- 
ville, Ont. 


BORDER  CITES 

Chairman,  F.  P.  Mascarin,  M.E.I.C.,  1095 
Croydon  Road,  R.R.l,  Windsor,  Ont. 
Secretary,  W.  A.  MacDonald,  M.E.I.C.,  336 
Homedale  Blvd.,  Riverside,  Ont. 


BRAMPTON 

Chairman,  Clifford  L.  Moon,  M.E.I.C.,  26 
Gregory  Street,  Brampton,  Ont. 
Secretary-Treasurer,  Bruce  E.  Wilson, 
M.E.I.C.,  23  Hadrina  Crescent,  Brampton, 
Ont. 


BROCKVILLE 

Chairman,  J.  B.  Moriarty,  M.E.I.C.,  Benson 
Avenue,  Cardinal,  Ont. 
Secretary-Treasurer,  P.  Stata,  A.M.E.I.C., 
25  Murray  Street,  Brockville,  Ont. 


CALGARY 

Chairman,  A.  F.  D.  Short,  M.E.I.C.,  1211  - 
38th  Avenue  S.W.,  Calgary. 

Secretary,  Ralph  S.  White,  M.E.I.C.,  660  - 
97th  Avenue  S.E.,  Calgary. 


HURONIA 

Chairman,  Frederick  Alport,  M.E.I.C.,  65 
Peter  Street  North,  Orillia,  Ont. 
Secretary-Treasurer,  Louis  Morgante, 
M.E.I.C.,  36  Borland  Street  W.,  Orillia, 
Ont. 


KINGSTON 

Chairman,  L.  C.  Miller,  M.E.I.C.,  419 

Albert  Street,  Kingston,  Ont. 
Secretary-Treasurer,  F.  J.  Parcher, 
M.E.I.C.,  168  Avenue  Road,  Kingston, 
Ont. 


KITCHENER 

Chairman,  Roy  Dahmer,  M.E.I.C.,  778 

Union  Street,  Kitchener,  Ont. 
Secretary-Treasurer,  E.  H.  Wilson,  720 
Avondale  Avenue,  Kitchener,  Ont. 


KOOTENAY 

Chairman,  Stanley  Nixon,  M.E.I.C.,  1530 
Tulip  Street,  Trail,  B.C. 

Secretary,  G.  W.  Downie,  M.E.I.C.,  Box 
646,  Rossland,  B.C. 
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LAKEHEAD 

Chairman,  L.  E.  Hardman,  M.E.I.C.,  172 
Ibbottson  St.,  Port  Arthur,  Ontario. 
Secretary-Treasurer,  J.  C.  Gilmore, 
M.E.Ï.C.,  Public  Utilities  Comm.,  Public 
Utilities  Bldg.,  Port  Arthur,  Ont. 


LETHBRIDGE 

Chairman,  R.N.  Bower,  M.E.I.C.,  Jefferies 
Concrete  Prod.,  Box  877,  Lethbridge, 
Alta. 

Secretary-Treasurer,  R.  F.  Smith,  M.E.I.C., 
2113  - 14th  Avenue  S.,  Lethbridge,  Alta. 


LONDON 

Chairman,  G.  T.  Fenwick,  M.E.I.C.,  c/o 
Unifin  Tube  Co.,  P.O.  Box  7,  Clarke  Side- 
road,  London,  Ont. 

Secretary-Treasurer,  E.  Oddleifson, 
M.E.I.C.,  Hydro  Electric  Power  Commis- 
sion of  Ontario,  340  Wellington  Street, 
London,  Ont. 


LOWER  ST.  LAWRENCE 

Chairman,  D.  F.  Caveen,  M.E.I.C.,  Notre 
Dame  du  Sacre  Coeur,  Rimouski,  Que. 
Secretary-Treasurer,  Raymond  Guerin, 
A.M.E.I.C.,  1509  de  la  Sapinière  Street, 
Rimouski,  Que. 


MONCTON 

Chairman,  L.  R.  Wadlyn,  M.E.I.C.,  115 
Bessborough  Ave.,  Moncton,  N.B. 
Secretary-Treasurer,  V.  C.  Blackett, 

M. E.I.C.,  97  MacBeath  Ave.,  Moncton, 

N. B. 


MONTREAL 

Chairman,  C.  Grange  Kingsmill,  M.E.I.C., 
2050  Mansfield  Street,  Montreal  2. 
Secretary-Treasurer,  Albert  Deschamps, 
M.E.I.C.,  6931  Cote  des  Neiges,  Montreal 
26,  Que. 


NEWFOUNDLAND 

Chairman,  R.  W.  Myers,  M.E.I.C.,  123a 
Lemarchant  Road,  St.  John’s,  Nfld. 
Secretary,  A.  A.  Andrews,  A.M.E.I.C., 
United  Town  Electric,  P.O.  Box  1598, 
St.  John’s,  Nfld. 


NIAGARA  PENINSULA 

Chairman,  G.  G.  Jacox,  M.E.I.C.,  8 Spring- 
land  Gardens,  Welland,  Ont. 

Secretary,  J.  F.  Trant,  M.E.I.C.,  15  Rose- 
wood Avenue,  Welland,  Ont. 


NIPISSING  & UPPER 
OTTAWA 

Chairman,  P.  Rebin,  M.E.I.C.,  Box  89,  Stur- 
geon Falls,  Ont. 

Secretary  - Treasurer,  E.  K.  Capstick, 
M.E.I.C.,  59.0  Shaw  Street,  North  Bay, 
Ont. 


NORTH  EASTERN  ONTARIO 

Chairman,  I.  M.  Foster,  M.E.I.C.,  6 Drury 
Street,  Kapuskasing,  Ont. 
Secretary-Treasurer,  John  W.  Shipman, 
M.E.I.C.,  64  Dominion  Street,  Kapus- 
kasing, Ont. 


NORTHERN 
NEW  BRUNSWICK 

Chairman,  A.  L.  Bond,  M.E.I.C.,  820  Bay 
Avenue,  Bathurst,  N.B. 

Secretary -Treasurer,  to  be  appointed. 


NORTHERN  NOVA  SCOTIA 

Chairman,  J.  E.  Clarke,  M.E.I.C.,  38  Maple 
Avenue,  New  Glasgow,  N.S. 

Secretary,  Murray  C.  Wolfe,  M.E.I.C.,  P.O. 
Box  964,  Stellarton,  N.S. 


NORTH  SHORE  LOWER 
ST.  LAWRENCE 

Chairman,  B.  A.  Kelly,  M.E.I.C.,  P.O.  Box 
188,  Shelter  Bay,  Que. 

Secretary,  George  Jardine,  M.E.I.C.,  Port 
Cartier,  Que. 


OAKVILLE 

Chairman,  G.  A.  Alexander,  M.E.I.C.,  P.O. 

Box  550,  OakviUe,  Ont. 
Secretary-Treasurer,  R.  G.  Montrose, 
M.E.I.C.,  237  Pinehurst  Drive,  Oakville, 
Ont. 


OTTAWA 

Chairman,  Brig.  A.  B.  Connelly,  M.E.I.C., 
Kent-Albert  Building,  150  Kent  Street, 
Ottawa,  Ont. 

Secretary,  James  N.  Pritchard,  M.E.I.C., 
2234  McQualg  Street,  Ottawa  1. 


PETERBOROUGH 

Chairman,  W.  C.  Durant,  M.E.I.C.,  1244 
Clonsilla  Avenue,  Peterborough,  Ont. 
Secretary-Treasurer,  R.  H.  Rehder,  M.E.- 
I.C., 14  Middleton  Drive,  Peterborough, 
Ont. 


PORT  CREDIT 

Chairman,  T.  H.  Rosborough,  M.E.I.C., 
14.08  Broadmoor  Avenue,  Port  Credit, 
Ont. 

Secretary-Treasurer,  Harry  D.  Smith,  790 
Melton  Drive,  Port  Credit,  Ont. 


PORT  HOPE 

Chairman,  J.  S.  Coopman,  M.E.I.C.,  57 
"Victoria  Street,  Port  Hope,  Ont. 
Secretary-Treasurer,  Ross  H.  Abbott,  M.E.- 
I.C., Peter  Street,  Port  Hope,  Ont. 


PRINCE  EDWARD  ISLAND 

Chairman,  W.  S.  Veale,  M.E.I.C.,  P.O.  Box 
1268,  Charlottetown. 

Secretary-Treasurer,  E.  S.  Chandler,  M.E.- 
I.C. 242  North  River  Road,  R.R.  2, 
Charlottetown. 


QUEBEC 

Chairman,  J.  B.  Delage,  M.E.I.C.,  2774 
Montarville,  Ste.  Foye,  Que. 
Secretary-Treasurer,  Jacques  Plamondon, 
A.M.E.I.C.,  14  Avenue  Bon-Air,  Quebec 
10,  Que. 


RICHMOND  HILL 

Chairman,  Kenneth  Brown,  M.E.I.C.,  24 
Idleswift  Drive,  Box  777,  Thornhill,  Ont. 
Secretary-Treasurer,  Jack  P.  Miller,  M.E.- 
I.C., 7 Sussex  Avenue,  Richmond  Hill, 
Ont. 


SAGUENAY 

Chairman,  M.  Lavallee,  M.E.I.C.,  873  Scott 
Street,  Chicoutimi,  Que. 
Secretary-Treasurer,  Guy  Robin,  M.E.I.C., 
258  St.  Leon  Street,  Jonquiere,  Que. 


SAINT  JOHN 

Chairman,  D.  I.  Higgins,  M.E.I.C.,  30  Eliza- 
beth Court,  Saint  John,  N.B. 
Secretary-Treasurer,  Eldon  D.  Thompson, 
A.M.E.I.C.,  P.O.  Box  4,  Champlain 
Heights,  Saint  John,  N.B. 


SAINT  MAURICE  VALLEY 

Chairman,  W.  M.  Ingram,  M.E.I.C.,  P.O. 

Box  269,  Shawinigan,  Que. 

Secretary,  D.  Irving,  M.E.I.C.,  1883  St. 
Marc  Street,  Shawinigan,  Que. 


SARNIA 

Chairman,  R.  W.  Hogson,  M.E.I.C.,  885 
Kemsley  Street,  Sarnia,  Ont. 
Secretary-Treasurer,  F.  J.  Routledge,  M.E.- 
I.C., 1031  Arbour  Court,  Sarnia,  Ont. 


SASKATCHEWAN 

Chairman,  E.  J.  Cole,  M.E.I.C.,  City  Engi- 
neer, Saskatoon. 

Secretary-Treasurer,  R.  Bing-Wo,  M.E.I.C., 
404  McCallum  Hill  Bldg.,  Regina. 


SASKATCHEWAN  BRANCH 
SECTIONS 

REGINA 

Chairman,  W.  H.  George,  M.E.I.C.,  41  Car- 
dinal Crescent,  Regina. 
Secretary-Treasurer,  E.  R.  Smith,  M.E.I.C., 
32  Dunning  Crescent,  Regina. 


MOOSE  JAW 

Chairman,  Fit.  Lt.  Vern  McKinnon, 
M.E.I.C.,  942-lst  St.  N.E.,  Moose  Jaw, 
Saskatchewan. 

Secretary-Treasurer,  Gordon  Skorobohach, 
1194  Currie  Cresc.,  Moose  Jaw,  Sask. 


PRINCE  ALBERT 

Chairman,  G.  E.  Baldwin,  M.E.I.C.,  P.O. 

Box  1298,  Prince  Albert,  Sask. 
Secretary-Treasurer,  John  L.  M.  Scott, 
M.E.I.C.,  Box  1298,  Dept,  of  Highways, 
Prince  Albert,  Sask. 


ESTEVAN 

Chairman,  G.  R.  Ursenbach,  M.E.I.C.,  P.O. 

Box  136,  Estevan,  Sask. 
Secretary-Treasurer,  G.  H.>  Funke,  A.M.- 
E.I.C.,  P.O.  Box  446,  Estevan,  Sask. 


SASKATOON 

Chairman,  F.  W.  Fossey,  M.E.I.C.,  908 
Broadway  Avenue,  Saskatoon. 

Secretary,  Prof.  E.  E.  Brooks,  > M.E.I.C., 
1218  Ewart  Avenue,  Saskatoon. 


YORKTON 

Chairman,  D.  H.  Matheson,  M.E.I.C.,  L. 
Matheson  Bros.  Ltd.,  Box  850,  Yorkton, 
Sask. 

Secretary,  E.  C.  Sherwin,  M.E.I.C.,  Muni- 
cipal Roads  Asst.  Auth.,  Massey-Harris 
Bldg.,  Yorkton,  Sask. 


SAULT  STE.  MARIE 

Chairman,  W.  B.  Sproule,  M.E.I.C.,  167 
March  Street,  Sault  Ste.  Marie,  Ont. 
Secretary-Treasurer,  A.  L.  Adams,  M.E.I.C., 
552  Shannon  Road,  Sault  Ste.  Marie,  Ont. 


SUDBURY 

Chairman,  J.  N.  Raftis,  M.E.I.C.,  Canadian 
General  Electric  Co.,  P.O.  Box  97,  Sud- 
bury, Ont. 

Secretary-Treasurer,  H.  S.  Judges,  A.M.E.- 
I.C.,  Box  769,  Copper  Cliff,  Ont. 


TORONTO 

Chairman,  D.  R.  Abbey,  M.E.I.C.,  8 Briar- 
field  Road,  Don  Mills,  Ont. 
Secretary-Treasurer,  E.  S.  Bell,  M.E.I.C., 
6 Lakeland  Crescent,  Scarborough,  Ont. 


VANCOUVER 

Chairman,  D.  Bakewell,  M.E.I.C.,  1398- 

20th  Street,  Hollyburn,  B.C. 

Secretary,  T.  Covello,  M.E.I.C.,  1161  Mel- 
ville Street,  Vancouver  5,  B.C. 


VANCOUVER  ISLAND 

Chairman,  A.  R.  D.  Robertson,  M.E.I.C., 
3161  Service  Street,  Victoria. 
Secretary-Treasurer,  W.  Strok,  M.E.I.C., 
640  Queens  Avenue,  Victoria. 


WHITBY 

Chairman,  To  be  appointed. 
Secretary-Treasurer,  Roy  G.  Beckman, 
M.E.I.C.,  205  Bowman  Avenue,  P.O.  Box 
481,  Whitby,  Ont. 


WINNIPEG 

Chairman,  R.  E.  Chant,  M.E.I.C.,  Dept,  of 
Mechanical  Engineering,  University  of 
Manitoba,  Fort  Garry,  Man. 
Secretary-Treasurer,  W.  N.  Isberg,  M.E.- 
I.C., 20  Willowridge  Drive,  Winnipeg  12. 


YUKON 

Chairman,  J.  E.  Kellett,  M.E.I.C.,  P.O.  Box 
2560,  Whitehorse,  Yukon. 

Secretary,  D.  A.  Whiffin,  A.M.E.I.C., 
Northwest  Highway  Maintenance  Est., 
Camp  Takhini,  Whitehorse,  Yukon. 


ONTARIO  DIVISION 

Chairman,  Dean  H.  G.  Conn,  M.E.I.C., 
Queen’s  University,  Kingston,  Ont. 
Secretary,  A.  C.  Davidson,  M.E.I.C.,  106 
Bideford  Street,  Downsview,  Ont. 
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REGISTRATION  IN  ENGINEERING  AT  CANADIAN  UNIVERSITIES  1962-63 


m 

i 

i 

C - • - — ■■■ 

r.MVERSITY 

Year 

General  Course 

5 

"3 

3: 

< 

Petroleum 

Chemical 

Civil 

K 

Industrial 

Geology  and 

Mineralogy 

Mechanical 

Metallurgical 

Mining 

Engineering 

Physics 

Surveying 

Forest 

Aeronautical 

Geophysical 

Total 

i Memorial 

1st 

75 

75 

1 

2nd 

55 

55 

■ 

3rd 

43 

43 

Total 

173 

173 

1 Dalhousie 

1st 

95 

5 

100 

2nd 

96 

10 

106 

1 

3rd 

27 

6 

33 

4th 

3 

3 

5th 

1 

1 

Total 

218 

25 

243 

i St.  Mary’s 

1st 

32 

32 

2nd 

29 

29 

3rd 

14 

14 

Total 

75 

75 

St.  Francis  Xavier 

1st 

58 

58 

2nd 

40 

. , . 

40 

3rd 

44 

44 

Total 

142 

142 

N.S.  Technical 

4th 

20 

65 

48 

51 

4 

6 

194 

College 

5th 

7 

56 

40 

37 

5 

4 

149 

Post-Graduates 

3 

10 

8 

4 

1 

26 

Total 

30 

131 

96 

92 

9 

11 

369 

Acadia 

1st 

51 

51 

2nd 

38 

38 

3rd 

39 

39 

Total 

128 

128 

St.  Dunstan’s 

1st 

16 

16 

2nd 

7 

7 

3rd 

7 

7 

Total 

30 

30 

Mount  Allison 

1st 

63 

63 

2nd 

49 

49 

3rd 

34 

34 

Total 

146 

146 

New  Brunswick 

1st 

27 

39 

52 

17 

3 

3 

141 

2nd 

24 

46 

39 

27 

1 

2 

139 

3rd 

7 

37 

46 

21 

1 

6 

118 

4th 

9 

45 

34 

20 

4 

112 

5th 

7 

43 

22 

29 

6 

107 

Post-Graduates 

9 

15 

18 

3 

3 

48 

Total 

83 

225 

211 

117 

5 

24 

665 

; St.  Joseph’s 

1st 

21 

21 

2nd 

20 

20 

3rd 

6 

6 

Total 

47 

47 

Laval 

1st 

167 

167 

2nd 

368 

368 

3rd 

19 

42 

41 

11 

29 

10 

3 

31 

186 

4th 

11 

34 

42 

3 

26 

9 

4 

16 

145 

5th 

12 

43 

21 

2 

23 

7 

2 

8 

118 

Post-Graduates 

5 

16 

19 

14 

15 

6 

75 

Total 

535 

47 

135 

123 

30 

93 

32 

9 

55 

1,059 

Ecole 

1st 

279 

279 

Polytechnique 

2nd 

363 

363 

3rd 

239 

239 

4th 

21 

102 

70 

5 

49 

21 

10 

8 

286 

5th 

19 

83 

63 

4 

63 

9 

8 

8 

257 

Post-Graduates 

5 

14 

4 

3 

5 

5 

4 

8 

48 

Total 

881 

45 

199 

137 

12 

117 

35 

22 

24 

1,472 
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REGISTRATION  IN  ENGINEERING  AT  CANADIAN  UNIVERSITIES  1962-63 


University 

Year 

General  Course 

Agricultural 

Petroleum 

Chemical 

1 

Civil 

Electrical 

Industrial 

Geology  and 

Mineralogy 

Mechanical 

Metallurgical 

Mining 

Engineering  1 

Physics  II 

Surveying 

Forest 

Aeronautical 

Geophysical 

T otal 

McGill 

1st 

215 

215 

2nd 

197 

197 

3rd 

25 

25 

63 

29 

13 

3 

7 

165 

4th 

16 

43 

54 

34 

8 

1 

6 

162 

5th 

13 

41 

57 

37 

3 

3 

5 

159 

Post-Graduates 

18 

21 

26 

42 

11 

8 

126 

Total 

412 

72 

130 

200 

142 

35 

15 

18 

1,024 

Sir  George 

1st 

145 

145 

Williams 

2nd 

88 

88 

3rd 

4 

6 

21 

17 

48 

T otal 

233 

4 

6 

21 

17 

281 

Loyola 

1st 

81 

81 

2nd 

53 

53 

3rd 

11 

9 

is 

1 

36 

Total 

134 

11 

9 

15 

1 

170 

Sherbrooke 

1st 

67 

67 

2nd 

48 

48 

3rd 

12 

13 

6 

31 

4th 

12 

10 

9 

31 

5th 

10 

11 

6 

27 

Total 

115 

34 

34 

21 

204 

Ottawa 

1st 

109 

5 

5 

4 

3 

1 

127 

2nd 

44 

7 

7 

12 

2 

1 

73 

3rd 

8 

6 

17 

31 

4th 

8 

13 

21 

5th 

5 

17 

22 

Post-Graduates 

10 

23 

33 

Total 

153 

43 

18 

86 

5 

1 

1 

307 

Carleton 

1st 

78 

78 

2nd 

34 

34 

3rd 

30 

30 

4th 

14 

7 

11 

32 

Post-Graduates 

2 

1 

3 

Total 

142 

14 

9 

11 

1 

177 

Queen’s 

1st 

252 

252 

2nd 

53 

54 

27 

5 

45 

16 

9 

14 

223 

3rd 

20 

40 

26 

1 

27 

14 

6 

22 

156 

4th 

15 

32 

36 

14 

26 

12 

7 

19 

161 

Post-Graduates 

8 

22 

17 

6 

10 

3 

4 

4 

74 

Total 

252 

96 

148 

106 

26 

108 

45 

26 

59 

866 

I'oronto 

1st 

74 

71 

85 

21 

8 

64 

9 

7 

117 

456 

2nd 

55 

49 

57 

24 

6 

30 

14 

7 

69 

311 

3rd 

46 

37 

61 

22 

4 

44 

5 

2 

49 

270 

4tli 

48 

60 

55 

16 

7 

62 

9 

5 

65 

327 

Post-Graduates 

23 

34 

29 

31 

19 

45 

181 

Total 

246 

■ 251 

287 

83 

25 

231 

56 

21 

300 

45 

1,545 

McMaster 

1st 

92 

' 

92 

2nd 

14 

11 

12 

7 

3 

6 

53 

3rd 

9 

8 

17 

11 

1 

2 

48 

4th 

3 

5 

8 

7 

3 

4 

30 

Post-Graduates 

11 

1 

1 

3 

1 

17 

Total 

92 

37 

25 

38 

28 

8 

12 

240 

Ontario 

1st 

25 

25 

Agricultural 

2nd 

19 

. 

19 

College 

3rd 

6 

. . . 

8 

14 

4th 

5 

12 

17 

Post-Graduates 

12 

12 

Total 

44 

12 

11 

20 

87 

Waterloo** 

1st 

370 

370 

2nd 

39 

61 

65 

68 

233 

3rd 

15 

27 

41 

40 

9 

132 

4th 

13 

25 

29 

31 

13 

111 

5th 

10 

28 

24 

27 

13 

102 

Post-Graduates 

3 

13 

13 

3 

32 

Total 

370 

80 

154 

172 

...  169 

35 

980 
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REGISTRATION  IN  ENGINEERING  AT  CANADIAN  UNIVERSITIES  1962-63 


1 University 

Year 

General  Course 

Agiicultural 

Petroleum  ' 

il 

il 

Chemical  |i 

ji 

! 

Civil 

Electrical 

é 

1 

Geology  and 

Mineralogy 

1 

Mechanical 

Metallurgical 

Mining 

.5 

? 

% 

bX  ^ 

c -z: 
WdH 

Surveying 

j 

' Forest 

II 

Aeronautical  1 

Geophysical  1 

o 

H 

H Western  Ontario 

1st 

75 



75 

r 

2nd 

55 

55 

11 

3rd 

7 

13 

16 

13 

49 

» 

4th 

4 

4 

10 

8 

26 

V Post-Graduates 

1 

1 

2 

4 

Total 

130 

11 

18 

27 

23 

209 

! Assumption 

1st 

18 

10 

12 

16 

10 

3 

69 

2nd 

12 

14 

14 

11 

9 

60 

\ 

3rd 

5 

11 

19 

3 

4 

42 

] 

4th 

6 

9 

13 

5 

33 

Post-Graduates 

5 

2 

7 

Total 

18 

38 

46 

64 

29 

16 

211 

Laurentian 

1st 

3 

3 

Total 

3 

3 

Manitoba 

1st 

244 

.... 

244 

2nd 

176 

6 

9 

191 

3rd 

52 

31 

31 

6 

120 

4th 

43 

45 

1 

24 

3 

116 

Post-Graduates 

37 

36 

9 

82 

Total 

420 

132 

112 

7 

64 

18 

753 

Saskatchewan 

1st 

312 

312 

2nd 

123 

5 

14 

21 

16 

1 

34 

13 

227 

3rd 

7 

15 

36 

54 

11 

55 

10 

188 

4th 

16 

11 

66 

33 

7 

48 

1 

12 

4 

198 

Post-Graduates 

8 

4 

24 

11 

8 

15 

13 

83 

Total 

435 

36 

44 

147 

114 

27 

152 

1 

48 

4 

1,008 

Alberta 

1st 

220 

220 

(Edmonton) 

2nd 

188 

188 

3rd 

39 

59 

6è 

65 

9 

1 

4 

243 

4th 

9 

27 

64 

41 

34 

6 

3 

5 

189 

Post-Graduates 

23 

29 

15 

10 

15 

92 

Total 

408 

9 

89 

152 

122 

109 

15 

19 

9 

932 

Alberta  (Calgary) 

1st 

97 

... 

97 

2nd 

74 

... 

74 

Total 

171 

171 

British  Columbia 

1st 

307 

307 

2nd 

121 

2 

24 

90 

4 

241 

3rd 

2 

25 

43 

56 

10 

54 

24 

2 

15 

231 

4th 

26 

34 

52 

9 

38 

19 

7 

9 

2 

196 

Post-Graduates 

10 

23 

28 

7 

8 

26 

11 

113 

Total 

428 

4 

85 

100 

226 

26 

100 

69 

9 

35 

6 

1,088 

. Canadian  Services 

■ Colleges 

: Royal  Military 

1st 

65 

65 

’ College 

2nd 

36 

36 

I (Kingston) 

3rd 

20 

27 

26 

20 

9 

102 

4th 

6 

15 

19 

20 

6 

66 

1 Total 

101 

26 

42 

45 

40 

15 

269 

Royal  Roads 

1st 

130 

130 

2nd 

6 

13 

15 

13 

8 

00 

j Total 

130 

6 

13 

15 

13 

8 

185 

1 College  Militaire 

1st 

114 

114 

Royal  de  St. -Jean 

2nd 

73 

73 

Total 

187 

187 

Grand  Total 

6,753 

52 

9 

1,082 

2,142 

2,254 

83 

153 

1,716 

305 

139 

678 

24 

6 

46 

4 

15,446 

Post-Graduates 

20 

137 

260 

253 

38 

160 

71 

32 

36 

3 

4G 

1,056 

Prospective  1963 

Graduates 

16 

9 

219 

650 

574 

16 

44 

.505 

73 

40 

158 

6 

2 

4 

2,316 

**Figures  shown  arc  for  the  Co-operative  Engineering  course  and  ioi)resent  actual  enrolment  in  first  year  and  eoinbinod 
enrolment  of  Fall  ’62  and  Winter  ’63  (est.)  for  advanced  vears. 

NOTE:  I.AST  YEAR’S  TABULATION  DID  NOT  INCLin)E  ANY  POST-GRADUATES. 
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Personals 


W.  Buryniuk, 

M.E.I.C. 


W.  Kembel, 

M.E.I.C. 


Walter  Buryniuk,  m.e.i.c.  ( Sask.  ’53) 
and  Walter  Kembel,  m.e.i.c.  (Sask.  ’52) 
have  become  partners  in  the  formation 
of  Kembur  Engineering  Consultants.  Mr. 
Kembel  was  formerly  associated  with 
Brayshaw  Steel  Ltd.  Mr.  Buryniuk  was 
formerly  with  the  Federal  Government, 
C.  D.  Howe  Co.  Ltd.,  and  Fassel  Con- 
struction Ltd. 

E.  Rohatynski,  m.e.i.c.  (Manitoba  ’50) 
has  been  transferred  as  Construction  En- 
gineer IV,  Kootenay  Engineering  Com- 
pany Ltd.,  Kimberly  Fertilizer  Depart- 
ment of  The  Consolidated  Mining  and 
Smelting  Company  at  Kimberly,  B.C., 
from  Benson  Lake  property  following 
completion  of  construcbon. 


B.  C.  Borden 


G.  E.  Purdy 


Gordon  E.  Purdy  has  been  appointed 
Eastern  District  Systems  Engineering 
Manager  of  IBM.  Mr.  Purdy  joined  the 
company  in  1957  as  an  Applied  Science 
Trainee  and  has  served  in  various  sys- 
tems and  managerial  positions  in  Ottawa 
and  Montreal.  Byron  C.  Borden  has  been 
appointed  Manager  of  Product  Require- 
ments in  IBM  United  Kingdom.  Mr. 
Borden’s  appointment  is  a special  IBM 
World  Trade  Corporation  assignment. 
Mr.  Borden  joined  IBM  in  1956.  He  has 
a Master  of  Electrical  Engineering  de- 
gree from  McGill  University. 


Dr.  J.  J.  Green,  m.e.i.c.  (London  Uni- 
versity, Royal  College  of  Science  ’39), 
Chief  Superintendent  of  the  Canadian 
Armament  Research  and  Development 
Establishment,  has  been  elected  Presi- 
dent of  the  Canadian  Aeronautics  and 
Space  Institute. 

T.  T.  Dobie,  m.e.i.c.  (U.B.C.  ’48)  has 
been  appointed  Assistant  Maintenance 
Superintendent,  Smelting  Department  in 
the  Metallurgical  Division  of  The  Con- 
solidated Mining  and  Smelting  Company 
at  Trail,  B.C. 


W.  H.  McCutcheon 

W.  H.  McCutcheon  has  been  appointed 
Comptroller,  and  C.  T.  Dyment  as 
Works  Manager  at  Powerlite  Devices 
Limited.  Mr.  McCutcheon  was  formerly 
Manager  of  Purchasing  and  Production 
since  joining  Powerlite  in  1951.  Mr. 
Dyment  has  had  several  years’  experi- 
ence in  industrial  management  and  was 
employed  as  design  engineer  at  Amalga- 
mated Electric  Corp. 

Michael  Rodinos,  m.e.i.c.  (N.S.T.C.  ’47) 
has  been  appointed  chief  engineer  of  the 
Platework  Division  at  Dominion  Bridge’s 
Montreal  Branch.  Mr.  Rodinos  joined 
the  company  following  his  graduation 
and  served  as  a designer  in  the  Plate- 
work  Division  until  1958.  In  the  next 
two  years  he  was  on  loan  to  Atomic 
Energy  of  Canada  Limited  in  Toronto 
on  design  work  connected  with  the  nu- 
clear power  plant  project  at  Douglas 
Point,  Ont. 

Gordon  B.  Tebo,  m.e.i.c.  ( Toronto  ’29  ) 
of  the  Canadian  Standards  Association 
Testing  Laboratories,  was  named  a Fel- 
low of  the  Standards  Engineers  Society 
during  the  Society’s  Annual  Meeting  for 
his  outstanding  contributions  to  the 
establishment  of  standards,  industrially, 
nationally,  in  conjunction  with  the 
United  States  and  internationally. 


E.  L.  M.  Gordon  D.  G.  Currie, 


m.e.i.c. 

D.  G.  Currie,  m.e.i.c.  (Toronto  ’53,  Tul- 
sa ’60)  has  been  named  Assistant  to  the 
President  at  Bathurst  Power  & Paper 
Company  Limited.  Prior  to  this  ap- 
pointment, Mr.  Currie  was  Vice-Presi- 
dent of  Sandwell  and  Company  Limited 
of  Vancouver. 

Edward  L.  M.  Gordon  has  been  ap- 
pointed to  the  staff  of  H.  G.  Acres  & 
Company  Limited,  Consulting  Engi- 
neers. Mr.  Gordon  was  previously  with 
the  Federal  Department  of  Public  Works 
as  Chief  Highway  Design  Engineer.  As 
Executive  Engineer,  he  will  be  associ- 
ated with  Acres’  activities  in  the  trans- 
portation field. 

George  H.  Krupski,  m.e.i.c.  (Tech  Univ. 
of  Vienna  ’34)  has  been  appointed  to 
the  Board  of  Directors  of  Brooke  Bond 
Canada  Limited.  Mr.  Krupski  joined 
the  company  in  1950  as  Plant  Engi- 
neer, Montreal,  and  was  appointed 
Group  Factory  Manager  in  1961. 


J.  M.  Bannon,  G.  H.  Krupski, 


M.E.I.C.  M.E.I.C. 

J.  Mervin  Bannon,  m.e.i.c.  (Univ.  of 
Sydney  ’45  ) has  been  named  General 
Manager,  Manufacturing  and  Sales,  at 
Brown  Boveri  (Canada)  Limited.  Mr. 
Bannon  has  been  associated  with  this 
company  for  14  years. 

(Continued  on  page  88) 
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“Cyclone"  thickeners  for  use  in  centrifugal  separation 
of  fine  and  coarse  aggregates  in  the  mining  industry. 
Twenty-four  of  these  36”  diameter  thickeners  and  60 
smaller  llf.”  diaineter  units  were  built  in  Montreal  for 
Quebec  Cartier  Mining  Company. 


minion  Bridge  construction  crews  at  our  Vancouver 
^'.nch  hoist  last  segment  of  100,000-gallon  water  tank, 
e tower  is  102  ft.  high  and  28  ft.  8 ins.  in  diameter. 


Five  of  nine  340-barrel  closed  fermenting  tanks  fabricated 
at  Manitoba  Bridge  in  Winnipeg  for  Bishopric  Products 
Company,  Cincinnati.  Each  tank  weighs  8 tons. 


■e  of  4 evaporators  used  in  the  salt  industry  leaving 
■Manitoba  Bridge  plant  in  Winnipeg.  Each  unit  is 
ft.  in  length  and  weighs  23  tons. 


This  80-ft.  long  36-inch  diameter,  stainless  steel  tower 
was  fabricated  in  Edmonton  for  an  Alberta  petro- 
chemical plant.  Weight  of  the  vessel  is  22,000  pounds. 


L 
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(Continued  from  page  43) 


Discussion  by  W.  E.  Havercroft, 
Head,  Nondestructive  Testing  Section 
Dept,  of  Mines  & Technical  Surveys, 
Ottawa. 

I should  like  to  start  by  presenting  a 
direct  quotation  from  Mr.  Hayward’s  paper: 
“When  a quality  control  program  is  to  be 
set  up  for  a large  project  the  biggest  single 
problem  to  be  faced  is  the  human  element’’. 

Mr.  Hayward  further  indicates  that  in- 
spection with  high-quality  non-destructive 
testing  equipment  does  not  assure  that  the 
quality  level  set  for  the  job  will  be  main- 
tained, for  it  is  necessary  that  skilled  per- 
sonnel be  available  to  do  the  job.  He 
states  that  education  and  experience  are 
the  only  solution  and  it  is  on  this  subject 
that  I wish  to  offer  material  for  discussion. 

There  are  very  few  facilities  in  Canada 
whereby  knowledge  in  the  methods  of  non- 
destructive testing  can  be  obtained.  Equip- 
ment manufacturers  may  present  courses  of 
instruction  or  some  educational  institutions 
may  refer  to  it  briefly  in  their  technical  or 
engineering  lectures,  however,  most  of  this 
knowledge  is  gained  on  the  job.  This  makes 
it  difficult  when  it  is  desired  to  certify 
personnel  for  their  work.  It  is  because  of 
this  lack  of  proper  training  that  certification 
becomes  necessary.  I should  now  like  to 
discuss  the  procedure  set  up  by  the  Cana- 
dian Government  Specifications  Board  for 
the  certification  of  industrial  radiographers 
in  Canada. 

The  C.G.S.B.  is  charged  with  the  respon- 
sibility of  preparing  specifications  and  stan- 
dards at  the  request  of  Government  agen- 
cies. It  does  this  by  operating  technical 
committees  in  the  various  commodity  fields 
for  which  specifications  are  needed.  Repre- 
sentation on  these  committees  is  held  by 
interested  government  agencies  and  the 
main  elements  of  the  industries  concerned. 

A committee  on  industrial  radiography 
was  formed  to  prepare  specifications  for  the 
radiography  of  various  materials.  The  com- 
mittee soon  recognized  that  the  lack  of 
knowledge  prevented  the  proper  use  of  any 
specifications  which  might  be  prepared.  It 
was  felt  there  was  a need  to  certify  that  an 
operator  was  competent,  and  a sub-com- 
mittee on  the  certification  of  industrial  radio- 
graphic  personnel  was  formed.  The  object 
of  the  committee  was  to  prepare  a stan- 
dard to  which  some  agency  could  carry 
out  a program  of  certification. 

After  considerable  time  and  effort  a stan- 
dard for  the  certification  of  radiographic 
personnel  No.  48-GP-4  was  evolved.  It  was 
based  mainly  upon  the  R.C.A.F.  system  of 
approval  of  industrial  radiographers  which 
included  training  and  testing  at  the  Dept, 
of  Mines  & Technical  Surveys  in  Ottawa. 
Upon  request  of  the  committee  the  Mines 
Branch  of  this  department  agreed  to  act 
as  the  examining  authority. 

The  standard,  which  is  not  mandatory, 
provides  two  categories  in  which  personnel 
may  be  certified.  These  are  junior  and 
senior  industrial  radiographers.  The  main 
difference  of  these  categories  is  that  a 
Junior  Industrial  Radiographer  is  not  re- 
sponsible for  establishing  the  manner  in 
which  a specimen  should  be  radiographed, 
nor  for  the  interpretation  of  the  radio- 
graphic  image.  The  Senior  Industrial  Radio- 
grapher is  responsible  for  this  work  and 
capable  of  full  supervision  of  a radio- 
graphic  laboratory. 

(Continued  on  page  72) 
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TECK  is  for  the  TOUGH  jobs 
in  industrial  power  distribution 

(Here’s  the  “inside”  story) 


AMPACITY 

For  use  up  to  5 kv,  Teck  cables  meet 
CSA  requirements  for  RW60  and 
R75;  or  for  RW75  and  R90.  Can  be 
operated  at  up  to  90C  in  dry  locations, 
75C  in  wet  locations. 

Above  5 kv  the  insulation  meets 
IPCEA  specification  S-19-81  for  ozone- 
resistant  butyl  insulation.  Can  be 
operated  at  up  to  85C. 

CONDUCTORS 

All  conductors  are  stranded  coated 
copper,  with  conductor  identification 
by  either  surface  colouring  or  col- 
oured tapes. 

Available  in  2-conductor  to  6-con- 
ductor configurations  with  built-in 
grounding  conductor  in  all  CSA- 
approved  cable  at  no  increase  in 
diameter. 

JACKETING 

Outer  jackets  in  either  Neoprene  or 
PVC  withstand  severe  corrosive  con- 
ditions. Both  compounds  are  specially 
certified  by  CSA  for  this  purpose. 

The  standard  inner  jacket  is  Nor- 
prene,  a substance  immune  to  high 
concentrations  of  ozone.  It  is  flame, 
moisture  and  impact  resistant.  Since 
Norprene  is  not  a thermoplastic, 
accidental  exposure  to  high  temper- 
atures below  its  ignition  point  will 
not  cause  it  to  flow  or  melt. 

An  optional  Butyl  inner  jacket  is 
available  for  use  where  maximum 
heat  and  moisture  resistance  are 
desired. 


FLEXIBLE  ARMOUR 

Flexible  interlocked  armour  is  nor- 
mally provided  in  either  aluminum 
or  galvanized  steel.  Copper  interlock- 
ed armour  can  be  provided  when 
requested  for  special  applications. 

SPLICING  <&  TERMINATING 

A full  range  of  terminating  and  splic- 
ing  fittings  is  available  from 
Northern  Electric.  For  splicing  and 


terminating  practices  on  the  jacketed 
core  of  Teck  Cable,  refer  to  Northern 
Electric  Engineering  Instruction  No. 
2001  — “Splicing  and  Termination  of 
Norzone-Norprene  Cables”. 

SUPPORTING  & TROUGHING 

Northern  Electric  makes  available  a 
full  range  of  prefabricated  cable 
troughs  and  supporting  rack  ele- 
ments, in  materials,  finishes,  sizes 
and  accessories  to  meet  various  needs. 


For  full  information,  please  refer  to  your  nearest 
Northern  Electidc  Office  and  request  Bulletin  G17-A. 


Horthern  Elecfric 


3062-3 


COMPANY  LIMITED 
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Branch  News 


BORDER  CITIES 

William  J.  Luciani 

On  September  7,  the  members  of  the 
Branch  and  their  families  were  con- 
ducted on  an  informative  tour  and  de- 
monstration at  the  Cranbrook  Institute 
of  Science,  Bloomfield  Hills,  Mich. 

The  Annual  Dinner  Dance  was  held 
October  26  at  the  Essex  Golf  and  Coun- 
try Club. 

MONCTON 

V.  C.  Blackett 

On  Friday,  October  19,  the  President 
of  the  Institute  addressed  a combined 
dinner  meeting  of  the  Branch  and  the 
Amherst  Branch  at  the  Fort  Cumber- 
land Hotel,  Amherst,  N.S.  While  on 
route  from  Saint  John,  President  and 
Mrs.  Lawton  stopped  briefly  in  Monc- 
ton where  they  were  entertained  by  the 
Moncton  executive  and  their  wives  at 
a luncheon  in  the  Brunswick  Hotel.  Im- 
mediately following  the  luncheon.  Presi- 
dent and  Mrs.  Lawton,  accompanied  by 
members  of  the  Moncton  Executive,  pro- 
ceeded to  Amherst  where  a joint  meeting 
of  the  two  Branch  e.xecutives  was  held. 


CALGARY 

A.  F.  D.  Short 

The  Branch’s  first  technical  meeting 
of  the  1962-6.3  season  was  held  Septem- 
ber 25  as  a joint  effort  with  the  C.I.M. 
Mr.  G.  H.  Thompson,  President  of  Cal- 
gary power  was  the  guest  speaker.  The 
title  of  his  talk  was  “The  Trend  Toward 
the  Use  of  Coal  in  Preference  to  Natural 
Gas  in  Thermo-electric  Generating  Sta- 
tions”. 

The  Professional  Development  Pro- 
gram, jointly  sponsored  by  the  E.I.C., 
A.S.P.G.  and  C.I.M.  for  tire  sixth  year 
started  October  3.  The  program,  with 
the  co-operation  of  the  University  of 
Alberta,  is  as  follows:  October  3,  “A 
Survey  of  Canadian  Economics”,  Lec- 
turer — Dr.  Thomas  L.  Powrie;  October 
17,  “The  Effect  of  Devaluation  on  the 
Canadian  Economy”,  Lecturer  — Dr. 
Frank  Anton;  October  31,  “The  European 
Common  Market  and  the  Canadian 
Economy”,  Lecturer  — Dr.  Gordon  K. 
Goundrey;  November  14,  “Canada’s 
Commitment  and  Responsibility  to  World 
Peace”,  Lecturer  — R.  Craig  Brown; 
November  28,  “The  Development  of  the 


Canadian  North”,  Lecturer  — The  Hon. 
Walter  Dinsdale,  Minister  of  Northern 
Affairs,  Ottawa;  December  12,  “History 
of  Southern  Alberta”,  Lecturer  — Hugh 
Dempsey,  Archivist,  Glenbow  Founda- 
tion, Calgary. 

The  Branch  holds  weekly  luncheon 
meetings  every  Monday  at  the  Carolina 
Restaurant.  Speakers  and  subjects  dur- 
ing October  were;  October  1,  “The  Magic 
of  Sulphur”,  a color  film,  courtesy  of  the 
Texas  Gulf  Sulphur  Company;  October 
8,  Tom  Hudspeth,  Backfield  Coach,  Cal- 
gary Stampeders,  “Today  We  Are  Top 
of  the  League”;  October  Professor  H. 
R.  McArthur,  “Is  Research  for  Peace 
Reasonable?”;  October  29,  Howie  Thom, 
“Operation  Design  of  Heat  Exchangers”. 
This  weekly  program  continues  until 
May.  Visitors  to  Calgary,  or  residents 
of  that  city  are  welcome  to  join  the 
Branch  members  at  these  Monday  meet- 
ings. 

The  Branch  members  presented  the 
entertainment  at  the  banquet  during  the 
Western  Zone  “A”  Technical  Conference 
on  September  13.  The  show,  entitled, 

(Continued  on  page  60) 


Moncton  Branch  Executive,  Luncheon  for  President  and  Mrs.  Lawton.  Front  row,  clockwise:  Mrs.  Blair;  D.  M.  Blair;  Mrs. 
Wadlyn;  Chairman,  L.  R.  Wadlyn;  Mrs.  Lawton;  Mrs.  Nickerson;  Mrs.  Hiscock;  Mrs.  Blackett;  Councillor  W.  M.  Steeves; 
Mrs.  Steeves.  Back  row,  clockwise:  Vice-Chairman,  J.  F.  Callaghan;  Mrs.  Callaghan;  D.  A.  Foster;  Mrs.  Foster;  Mrs.  Dixon; 
H.  N.  Dixon;  M.  J.  Nickerson;  President  F.  L.  Lawton;  Secretary-Treasurer,  V.  C.  Blackett;  A.  J.  Hiscock. 
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A Single,  Voluntary,  Professional, 
Technical  and  Learned  Society 


Canada  is  indeed  fortunate  in  having  the  greater  part  of 
its  engineering  activities  concentrated  within  a single, 
voluntary,  professional,  technical  and  learned  society,  i.e. 
the  Engineering  Institute  of  Canada.  The  founding  members 
of  the  Canadian  Society  of  Civil  Engineers,  which  became 
in  1918  the  Engineering  Institute  of  Canada,  built  better 
than  they  knew. 

It  is  often  said  that  the  Canadian  engineer  must 
seek  publication  of  his  papers  in  the  U.S.A.  Founder  and 
other  societies  if  he  is  to  win  recognition.  The  evidence 
points,  on  the  other  hand,  to  the  fact  that,  if  he  does  seek 
such  an  outlet  for  papers,  they  become  part  and  parcel  of 
U.S.A.  technology  and  tend  to  be  accepted  as  such  by  other 
national  communities  to  the  detriment  of  Canada  as  a 
nation,  to  the  detriment  of  the  Canadian  engineering  pro- 
fession, and  to  the  detriment  of  Canadian  economic 
activities  abroad. 

Let  us  look  for  a moment  at  the  reality  as  regards 
the  U.S.A.  Founder  and  other  societies.  Springing  from 
the  original  concept  of  engineering  as  military,  the  original 
Founder  society  vv^as  the  American  Society  of  Civil  Engi- 
neers, which  celebrated  its  centennary  in  1952.  Following 
this  in  rapid  succession,  and  without  regard  to  the  chrono- 
logical order  in  which  they  were  formed,  came  the  other 
U.S.A.  Founder  societies  such  as  ASME,  AIEE,  AIME, 
AIChE,  and  a whole  host  of  other  societies  such  as  IRE 
and  smaller  organizations.  Initially  these  grew  and  flourished 
through  the  intensive  development  of  their  own  field  of 
technology,  it  responding  to  the  rapid  economic  develop- 
ment of  the  U.S.  and  its  widening  swell  of  activities.  How- 
ever, it  very  quickly  became  apparent  that  the  growth  of 
technology  was  being  hampered  by  its  development  within 
the  confines  of  single  societies.  This  led  to  joint  activities 
between  societies.  An  outstanding  illustration  of  this  is  that 
AIEE  finds  it  decidedly  worthwhile  and  effective  to  sponsor 
either  singly  or  jointly  with  one  or  several  other  societies 
no  fewer  than  60  special  technical  conferences.  This  evi- 
dence, together  with  a great  deal  of  other  experience,  shows 
there  is  a strong  trend  today,  and  there  has  been  for 
some  years,  to  develop  and  establish  effective  contact  along 
horizontal  lines  as  contrasted  to  the  vertical  lines  associated 
with  development  of  technical  activities  within  the  con- 
fines of  a single  society.  In  fact,  the  evidence  points  strongly 
to  possible  eventual  supersession  of  the  original  societies 
by  some  other  arrangement.  As  an  example,  it  is  to  be 
noted  that  ASCE,  ASME,  AIEE  and  ISA  all  have  strong 
power  divisions  which,  together,  cover  the  complete  spec- 
trum of  engineering  interests  in  the  power  field.  However, 
there  are  some  other  organizations  which  are  definitely 
interested  in  this  field  too:  such  as  ANS  and  even  IRE  in 
certain  areas. 

Having  been  closely  associated  with  the  technical 
activities  of  one  of  the  American  Founder  societies  as 
director  of  its  technical  operations  department,  I know  how 
very  fortunate  we  in  EIC  are  in  being  able  to  develop 
within  the  confines  of  a single  society  all  those  subdivisions 
of  the  engineering  discipline  which  are  needed  to  meet 
and  serve  effectively  the  needs  of  our  members. 


Beginning  in  1955,  the  Committee  on  Technical 
Operations  (CTO)  of  EIC  has  grown  from  six  divisions  to 
eleven,  encompassing  the  following: — 

Bridge  and  structural  engineering 
Chemical  engineering 
Civil  engineering 

Communications,  electronics  and  automation 
engineering 
Electrical  engineering 
Engineering  education 
Geotechnical  engineering 
Hydroelectric  engineering 
Management  engineering 
Mechanical  engineering 
Mining  and  metallurgical  engineering 

This  organizational  structure  is  not  static.  Engineering 
Divisions  can  be  added  or  substracted  as  the  need  develops 
or,  in  time,  possibly  vanishes. 

With  this  structure  in  the  management  of  our  technical 
activities,  to  best  serve  our  members,  everyone  can  select 
his  field  of  interest  and  actively  participate  in  it,  either 
through  attendance  at  meetings,  serving  on  the  relative 
Engineering  Division  Committee  or  through  the  presentation 
and  discussion  of  papers. 

Prior  to  the  constitution  of  CTO  in  1955,  papers  for 
annual  general  meetings  were  largely  selected  by  a small 
Papers  Committee  revolving  around  Headquarters.  Today, 
however,  the  Engineering  Divisions  of  CTO,  with  their 
Canada-wide  memberships,  are  responsible  for  annual 
general  meeting  technical  papers  of  an  even  much  higher 
order  of  technical  excellence  being  presented,  as  well  as 
for  other  activities  closer  to  branch  levels  of  activity  and 
interest. 

This  effective  work  by  the  Engineering  Divisions  is 
carried  out  through  the  voluntary  services  of  some  236 
committee  members  who  are  on  the  alert  to  what  is  taking 
place  in  their  field  of  technological  interest,  all  being  able 
engineers  in  their  own  right. 

The  development  of  the  technical  activities  of  EIC 
under  the  aegis  of  CTO,  which  acts  as  the  coordinating 
group  for  the  Engineering  Divisions,  is  building  up  a Cana- 
dian engineering  literature,  both  in  the  Engineering  Journal 
and  in  Transactions,  which  is  second  to  none.  Eventually 
this  will  result  in  an  increased  acceptance  of  the  Canadian 
profession  as  second  to  none  in  most  fields  of  engineering 
activity. 


F.  L.  Lawton,  President. 


THE  ENGINEERING  JOURNAL  DECEMBER,  1962 


59 


Brarach  News 

(Continued  from  page  58) 

“Back  Page  Challenge”,  had  a cast  of  35 
engineers  and  their  wives.  Originally 
produced  for  the  Branch’s  Slide  Rule 
Soiree  last  February,  the  show  was  suit- 
ably revised  for  Edmonton  viewing. 

CORNER  BROOK 

Robert  G.  Scott 

F.  Huck,  Controller  at  Bowater’s  New- 
foundland Pulp  and  Paper  Mills  Ltd., 
The  Bowater  Power  Co.  Ltd.,  and  Bo- 
water’s Mersey  Paper  Co.  Ltd.,  was 
guest  speaker  at  the  Branch’s  October 
2 meeting.  The  topic  of  Mr.  Huck’s  talk 
was  “Responsibility  Reporting”.  In  his 
talk  he  defined  this  tenn  as  an  account- 
ing device  aimed  at  increasing  the  effi- 
ciency in  business.  He  said  that  the  atti- 
tude of  management  today  is  to  let  a 
department  head  look  after  the  details 
of  running  his  own  particular  unit  within 
the  company  with  a minimum  of  inter- 
ference. One  of  the  duties  of  a controller 
is  to  issue  regular  reports  to  supervisors 
covering  department  costs,  and  efficiency. 
These  reports  enable  the  supervisors  to 
judge  just  how  well  tliey  are  succeeding 
at  their  jobs  and  which  areas  are  in 
need  of  improvement.  Mr.  Huck  then  ex- 
plained how  performance  standards  are 
established.  He  also  discussed  the  method 
used  in  determining  sales,  production  and 
capital  budgets,  both  immediate  and 
future.  The  many  questions  expressed 


by  the  members  present  revealed  their 
interest  in  Mr.  Huck’s  talk. 

W.  S.  Read,  Chairman  of  the  Branch 
outlined  the  plans  which  the  executive 
have  for  the  coming  year.  He  also  gave 
a report  on  the  Maritime  Professional 
Engineers’  Conference  held  September 
6-7  at  Digby  Pines,  N.S.  An  announce- 
ment was  made  that  the  President,  F.  L. 
Lawton,  would  not  be  making  a visit  to 
the  Branch  this  year.  The  members  pres- 
ent expressed  their  disappointment  at 
this  news.  The  executive  for  the  1962-63 
session  is:  W.  S.  Read,  Chairman;  A. 
Steinberg,  Vice-Chairman;  R.  Newton, 
Secretary  and  B.  Christie,  Treasurer. 

HALIFAX 

D.  Rudolph 

On  October  11,  the  Branch  held  a 
technical  meeting  at  Nova  Scotia  Techni- 
cal College.  The  speaker  for  the  evening 
was  H.  Headland,  of  Kennedy  and 
Donkin,  Consulting  Engineers,  London, 
England.  Mr.  Headland  spoke  on  “Tidal 
Power  and  Pumped  Storage”.  He  out- 
lined the  history  of  the  Seven  Barrage 
Tidal  Scheme.  When  planning  this 
scheme,  in  1933,  it  was  proposed  to  in- 
stall 72  units  of  12  Mw.  each.  This  was 
changed  to  32  units  of  25  Mw.  each  in 
1945.  Since  then,  no  significant  techni- 
cal changes,  other  than  the  building  of 
the  275  kv.  grid,  have  taken  place.  The 
tidal  characteristics  of  this  scheme  show 
a spring  range  of  47.6  feet,  and  a neap 
tide  of  22. .5  feet  with  developed  power 
heads  of  32.5  feet  and  18.5  feet  respec- 
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lively.  The  peak  capacity  would  be  800 
Mw.  and  600  Mw.  with  an  operating 
period  of  6.5  to  7.5  hours.  The  total 
yearly  energy  output  would  be  approxi- 
mately 2900  million  kwh.  The  Seven 
Barrage  Scheme  is  located  at  the  mouth 
of  a navigable  river.  It  is  a source  of 
energy  and  not  a firm  power  project. 
The  criteria  for  development  is  based 
on  the  cost  of  energy  delivered  to  the 
system  and  must  not  exceed  the  cost  of 
generation  in  the  most  economical  steam 
station  for  the  same  energy  output.  Sinee 
1933,  the  coal  costs  have  increased  three 
times  and  the  labour  and  construction 
material  costs  2.5  times.  The  estimated 
cost  of  such  a tidal  project  is  $300  mil- 
lion. The  long-term  view  makes  the 
Seven  Barrage  Scheme  justifiable  as  an 
energy  producer  and  if  construction  had 
been  undertaken  in  1933,  as  originally 
planned,  the  project  would  be  showing  a 
very  substantial  profit. 

Mr  Headland  then  spoke  on  the 
FFESTINIOG  pumped  storage  scheme. 
This  project,  started  in  1957  is  now  in 
operation. 

Mr.  Headland’s  talks  were  well  re- 
ceived. Schemes  similar  to  the  Seven 
Barrage  type  have  been  proposed  for 
many  years  for  the  Halifax  area.  Dr. 
Harvey  Doone  thanked  Mr.  Headland. 
The  meeting  concluded  with  the  55 
members  enjoying  coffee  and  doughnuts. 

LAKEHEAD 

Walter  Buryniuk 

The  manager  of  Dominion  Securities, 
K.  Willoughby,  was  the  guest  speaker 
at  the  October  17  meeting  of  the  Branch. 
In  his  talk  on  investments,  Mr.  Wil- 
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loiighb>-  outlined  the  studies  whieh 
should  be  made  before  investing.  He  dis- 
cussed the  present  econoinj-  of  Canada, 
and  presented  his  economic  outlook.  He 
also  ga\e  a review  of  the  local  economic 
picture. 

A film  dealing  with  the  collapse  of 
the  United  Grain  Growers  elevator  at 
j Port  Arthur  was  shown  No\'ember  13. 

) 

; PETERBOROUGH 

C.  L.  Willcox 

On  October  23  the  Branch  and  the 
local  chapter  of  the  APEO  held  a joint 
meeting.  C.  L.  Willco.x,  Project  En- 
gineer, VVhiteshell  Nuclear  Project,  Civi- 
lian Atomic  Power  Dept.,  Canadian 
General  Electric  Co.,  was  the  speaker. 
He  presented  a paper  entitled,  “Critical 
Path  Method  of  Project  Planning  and 
Schediding”,  in  which  he  stated  that 
managers  are  recognizing  the  increa.sing 
rate  of  growth  of  project-type  work. 
Operations  research  has  developed  a 
method  that  will  enable  controlling  pro- 
ject work  on  the  exception  principle. 
Projects  are  planned  in  detail  and  a 
model  is  constructed  in  the  form  of  a 
network  diagram.  The  longest  critical 
path  of  a job  is  established  from  an 
analysis  of  this  model,  and  a finish 
date  for  every  job  is  scheduled.  Optimum 
project  durations  can  also  be  determined. 

QUEBEC 

Rene  Rioux 

Lundi  le  10  septembre,  le  soleil  s’est 
levé  discrètement  derrière  un  ciel  nua- 


geux. Une  légère  bniine  tombait.  Il  n’y 
avait  aucun  doute  possible,  c’était  bien 
la  journée  du  tournoi  de  golf  de  la  sec- 
tion de  Québec  de  l’Institut  Canadien  des 
Ingénieurs. 

Malgré  la  mauvaise  température,  les 
adeptes  du  golf  se  .sont  présentés  nom- 
breux pour  participer  au  tournoi.  La 
coupe  Talbot  pour  le  meilleur  score 
brut  fut  remportée  par  M.  Guy  Dion  et 
la  coupe  Davie  pour  le  meilleur  score 
net  par  M.  Gharles  Rochette. 

De  nombreux  et  magnifiques  prix 
furent  distribués  grâce  à la  générosité 
des  nombreux  amis  de  la  section  de 
Québec  que  nous  tenons  à remercier  bien 
sincèrement. 

Un  succulent  buffet  fut  servi  et  le 
tout  se  termina  par  une  danse  aux  ac- 
cords d’une  musique  dont  le  rythme  avait 
peine  à s’accorder  avec  celui  des  averses 
abondantes  de  l’e.xtérieur. 

Les  14  et  15  septembre  avait  lieu  à 
Québec,  la  visite  des  délégués  de  la  Gon- 
férence  des  Institutions  d’ingénieurs  de 
l’Empire  Britanique. 

A cette  occasion,  la  section  de  Québec 
avait  organisé  un  programme  auquel  plu- 
sieurs membres  ont  été  appelés  à par- 
ticiper. 

Parmi  les  manifestations  signalons,  ven- 
dredi, la  visite  du  campus  de  l’Univer- 
sité Laval  et  du  Pavillon  des  Sciences 
suivie  d’une  réception. 

Le  samedi  matin,  réception  à l’Hôtel 
de  Ville  de  Québec  ou  son  Honneur  le 
maire  Wilfrid  Hamel,  après  avoir  fait 
signer  le  livre  d’or,  a souhaité  la  bien- 
venue aux  délégués  en  leur  faisant  part 


du  caractère  de  la  Cité  de  Québec. 

L’après-midi  fut  réservé  pour  une 
vicite  de  la  Cité  de  Québec  et  ses  en- 
virons. 

Le  .soir,  le  conseil  local  de  l’Institut 
Canadien  des  Ingénieurs  offrait  aux  dé- 
légués une  réception  au  Club  de  la 
Garnison. 

Nous  croyons  que  les  délégués  avec 
qui  les  ingénieurs  de  Québec  ont  frater- 
nisé garderont  un  bon  souvenir  de  leur 
séjour  parmi  nous. 

WINNIPEG 

Foster  W.  New 

The  Branch  celebrated  the  75th  An- 
niversary of  the  Institute  at  a dinner 
meeting  at  the  Town  and  Country 
Restaurant  on  September  27.  Lee  Briggs, 
formerly  of  Winnipeg,  and  now  a mem- 
ber of  the  National  Energy  Board  in 
Ottawa,  was  the  guest  speaker. 

After  a very  pleasant  dinner.  Professor 
R.  E.  Chant,  Chairman  of  the  Branch, 
introduced  members  of  the  head  table 
and  those  present  at  the  Past  Chairmans’ 
table.  L.  A.  Bateman  then  gave  a short 
history  of  the  Branch.  He  explained  that 
he  was  able  to  compile  the  Branch’s  his- 
tory despite  the  fact  that  over  the  years 
some  records  of  the  Branch  had  been 
misplaced.  The  Honorable  Gurney  Evans, 
Minister  of  Industry  and  Gommerce,  then 
offered  the  congratulations  of  the  Man- 
itoba Government  to  the  Branch  and  to 
the  Institute.  Dr.  D.  M.  Stephens  then 
introduced  Mr.  Briggs  who,  in  his  paper, 
“Power  for  the  Future’’,  reviewed  the 
(Continued  on  page  62) 
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in  existing  systems.  The  Wing  IFB  Heater  Section  is 
engineered  to  provide  complete  system  protection  re- 
gardless of  the  temperature  of  entering  air.  Uniform 
discharge  temperatures  are  assured  by  the  proper  pro- 
portioning of  intake  air  through  multiple  narrow  face 
and  by-pass  passages  rather  than  by  throttling  steam. 
Modulating  steam  valves  or  multiple  banks  of  coils  are 
not  required.  Non-stratified  air  delivered  three  feet 
downstream  of  section  eliminates  need  for  extensive 
duct  work  normally  required  for  mixing  purposes. 
Thermostat  sensing  bulb  locations  are  simplified.  Air 


and  also  get 

• NO  STRATIFICATION 

• UNIFORM  DISCHARGE 
TEMPERATURES 

• CONSTANT 

AIR  RESISTANCE 
ACROSS  SECTION 


*lntegral  Face  and  By-Past 


J 


resistance  is  constant  across  face  of  section  regardless 
of  damper  position. 

Units  are  suitable  for  use  with  steam,  hot  water  or 
high  temperature  hot  water.  Wide  range  of  sizes  up  to 
35,000  cfm,  24  sq.  ft.  of  face  areas  from  single  section. 
For  more  details  get  Bulletin  IFB-61-A. 


WiNG 


L.  J.  WIIVIG  MFG.  CO. 

Division  of  Aero-Flow  Dynamics,  Inc. 

176  WINDSOR  ST.,  MONTREAL  3,  QUEBEC 

SALES  REPRESENTATIVES  IN:  HALIFAX  • MONTREAL  • TORONTO  • 
HAMILTON  • WINNIPEG  • REGINA  • EDMONTON  • CALGARY  • VANCOUVER 
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Only  the  results 
will  tell  the  difference 


UNION  QUALITY 

INDUSTRIAL  PLATING 


Branch  News 

(Continued  from  page  61) 
changes  in  energy  sources  in  Canada 
in  the  last  100  years.  Mr.  Briggs  review- 
ed the  present  energy  sources  and  their 
costs,  and  discussed  the  problems  in- 
volved in  long-range  forecasting  of  future 
energy  requirements  and  sources.  He 
pointed  out  that  the  ultimate  selection  of 
the  type  of  energy  rests  with  the  con- 
sumer. This  selection  is  based  on  eco- 
nomics and  convenience.  The  energy  po- 
tential in  Manitoba  was  discussed  with 
special  reference  given  to  the  unde- 
veloped hydro-electric  capacity.  Mr. 
Briggs  pointed  out  that  other  inexpensive 
forms  of  energy  are  readily  available  in 
the  province.  In  addition  to  the  hydro 
potential,  there  a.re  well  established 
reserves  of  coal  Just  beyond  the  western 
boundary  of  the  province,  and  that  local 
removals  can  be  carried  out  by  both  the 
Inter  Provincial  Oil  Pipe  Line  and  Trans 
Canada  Natural  Gas  Line  which  are  car- 
rying bulk  energy  to  much  larger  markets 
than  those  in  Manitoba.  Methods  of  im- 
proved distribution  of  electrical  energy 
were  then  reviewed.  Mr.  Briggs  con- 
cluded his  paper  with  a summary  of  the 
present  energy  situation,  and  an  indica- 
tion of  future  power  sources  which  may 
be  developed  in  Canada.  He  stated  that 
Canadians  can  view  with  some  satisfac- 
tion the  potential  sources  of  power,  and 
the  progress  that  has  been  made  and 
which  will  continue  to  be  made  in  the 
development  of  large  quantities  of  power, 
and  the  controlling  of  costs  of  this  power 
at  large  load  centres. 


Plating  may  look  alike  . . . but  into  Union  Industrial 
Plating  is  built  quality,  service  and  an  engineered 
approach  to  the  problem.  It  is  this  difference  which 
guarantees  results  and  means  low  cost  operation. 

Atomic  Energy  Reactor  Parts  plated  by  Union 
meet  full  specification  . . . 

Diesel  Engine  Parts  worn  in  service  and  plated  back 
to  original  tolerances  give  miles  more  service  . . . 

Paper  Mill  Rolls  plated  against  corrosion  produce 
higher  quality  paper  . . . 

The  list  is  endless  . . . industry  after  industry  have 
found  that  Union  Industrial  Plating  solves  many 
problems  economically. 


THE  UNION  SCREEN  PLATE  COMPANY 
OF  CANADA  (LIMITED) 

HEAD  OFFICE:  LENNOXVILLE,  QUE. 

3 PLANTS  TO  SERVI  YOU  - AT  STRATEGIC  LOCATIONS 
PLANT  and  SALES  OFFICES:  LENNOXVILLE,  MONTREAL,  P.Q.  and  BRAMPTON,  ONT. 


WINNIPEG, 

Electrical  Section 
K.  Hallson 

The  Electrical  Section  held  a dinner 
meeting  at  the  Marion  Hotel  on  October 
4.  T.  L.  Woodhall,  Chairman,  introduced 
D.  L.  Steinberg,  Assistant  Area  Engineer, 
C.  N.  R.,  and  L.  W.  Matson,  Signals 
Engineer,  C.  N.  R.  Mr.  Matson  pre- 
sented introductory  remarks  about  the 
new  Symington  Yard  in  St.  Boniface. 

The  members  then  visited  the  C.  N.  R. 
Symington  Yard  where  they  were  shown 
a model  of  the  Yards.  N.  R.  Smith, 
Terminal  Superintendent,  then  present- 
ed a detailed  description  of  the  equip- 
ment and  operations.  A tour  was  then 
conducted  through  the  multi-million  dol- 
lar Yard,  one  of  the  most  advanced  push- 
button freight  yards  in  the  world.  To 
reduce  time  of  marshalling  freight  cars, 
a gravity  classification  system  is  employ- 
ed to  sort  and  service  up  to  6000  freight 
cars  a day.  To  speed  and  co-ordinate 
operations,  six  systems  of  rapid  commu- 
nications are  utilized  by  yard  personnel. 
The  systems  used  are  radio,  telephone, 
teletype,  television,  vest-pocket  walkie- 
talkie  and  loud-speaker  paging.  Included 
in  the  Yard  is  a diesel  shop  and  a car 
repair  shop.  900  mercury-vapor  flood- 
lights provide  lighting  on  275  acres  of  the 
628-acre  Yard.  Six  miles  of  24,000-volt 
power  lines  encircle  the  entire  Yard  and 
power  sub-stations  of  various  sizes  are 
located  within  the  area. 
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engineers  need 
prints  . . . why 


to  get 
waiting  ? 


Your  time-pressed  engineers  should  not  have  to  sit  around  waiting  for  prints.  A new  way  of  reproducing 
engineering  drawings — xerography  and  unitized  microfilm — can  eliminate  such  waste!  A xerographic 
printer  (either  a Copyflo  or  an  1824)  turns  out  dry,  positive  prints  in  seconds . . . ready  for  immediate 
use.  You  get  sharp,  clear  prints,  size  for  size  or  reduced — on  ordinary  paper,  vellum,  or  offset  paper 
masters!  Write  today  for  Booklet  X-343,  Xerox  of  Canada  Ltd.,  Dept.  29  • 20  Mobile  Dr.,  Toronto  16. 


XEROX 

OF  CANADA  LIMITED 


f 
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METERING  CONVERTER 


Visualize  your  present  generating  station  control  panel  with 
miniaturized  instrumentation  planned  around  the  LG  meter- 
ing converter.  With  this  miniaturized  instrumentation  it  could 
be  one-quarter  its  size  — or  less!  It  would  be  simpler  to 
supervise,  with  instrumentation  for  control  and  information 
together  in  proper  sequence  in  the  mimic  diagram. 

Cable  layout  would  be  less  complicated  (2  wires  can  replace 
up  to  10).  The  problem  of  switching  millivolts  in  as-called-for 
telemetering  is  eliminated. 

The  strongly  built  converter,  based  on  a kWh  meter  design, 
assures  high  accuracy.  It  is  virtually  maintenance  free. 

It  has  high  output — 5 milliamps  over  a total  loop  resistance 
of  up  to  5,000  ohms. 

Be  sure  your  next  generating  station  has  all  these  advantages! 
Ask  LG  for  details. 


LANDIS  & GYR  INC. 


P.O.  Box  1216,  St.  Laurent  9,  Que.,  Tel.  Rl.  4-2129 


Engineering 
Information  Service 


PHYSICAL  PRINCIPLES  AND  APPLICATIONS  OF  JUNCTION 
TRANSISTORS. 

Based  on  lectures  given  at  McGill  University  to  those 
studying  for  a master’s  degree  in  electrical  engineering,  this 
book  is  written  by  two  members  of  the  Radio  and  Electrical 
Engineering  Division  of  the  National  Research  Council  in 
Ottawa.  It  commences  with  an  outline  of  the  principles 
of  solid  state  physics  required  for  an  understanding  of  the 
main  features  of  transistor  operation.  The  remaining  chap- 
ters in  this  part  of  the  book  discuss  the  p-n  junction,  the 
development  of  equivalent  circuits  for  the  transistor,  transis- 
tor biasing  and  noise. 

In  the  second  part  of  the  book  typical  circuit  applications 
of  the  transistor  are  described,  including  amplifiers  of  vari- 
ous types,  negative  feedback,  switching,  oscillators  and 
sweep  generators.  There  are  many  appendices  included. 
These  are  mostly  devoted  to  detailed  analyses  of  physical 
processes  or  circuit  problems.  A useful  bibliography  is  also 
included.  (J.  H.  Simpson  and  R.  S.  Richards.  Toronto, 


BASIC  ELECTROTECHNICS,  3rD.  ED. 

This  is  the  third  edition  of  a textbook  prepared  by  a 
professor  of  electrical  engineering  at  the  University  of  Cape 
Town.  It  has  been  expanded  to  include  new  material  on 
electromagnetic  waves  and  transients  as  well  as  new  chap- 
ters on  four-terminal  network  theory  and  electromagnetic 
machines.  For  simplicity,  only  M.K.S.  units  are  used 
throughout.  At  the  end  of  each  chapter  are  exercises  with 
answers,  many  of  which  were  taken  from  the  Institution  of 
Electrical  Engineering  membership  examination  papers. 
(B.  L.  Goodlet.  London,  Edward  Arnold,  1962.  400p., 
$6.30.) 


IRRIGATION  AND  CLIMATE. 

It  is  necessary  for  the  engineer  and  agriculturist  to  be 
able  to  estimate  and  forecast  agricultural  water  needs  for 
various  areas  to  ensure  good  crops  and  allow  for  adequate 
water  storage.  This  book  provides  simple  relationships  that 
have  been  widely  tested,  which  give  reasonably  consistent 
and  reliable  estimates  of  basic  crop  water  requirements. 
The  methods  are  of  especial  value  in  planning  projects  in 
underdeveloped  countries.  (Henry  Oliver.  London,  Edward 
Arnold,  1961.  250p.,  $18.00.) 


“inertial  GUIDANCE. 

Fifteen  specialists  are  responsible  for  the  various  aspects 
of  the  subject  covered  in  the  three  main  divisions  of  this 
text.  The  first  section  is  devoted  to  a comprehensive  discus- 
sion of  the  principal  inertial  sensing  instruments  and  com- 
ponents of  a modern  inertial  guidance  system.  The  second 
section  treats  the  problem  of  designing  and  mechanizing 
inertial  navigation  systems  for  cruise  vehicles  such  as  air- 
craft and  marine  vessels.  The  final  section  is  concerned 
with  guidance  systems  for  rocket-propelled  vehicles  and 
space  navigation.  (Ed.  by  G.  R.  Pitman,  Jr.  New  York, 
Wiley,  1962.  481p.,  $18.50.)  |[^ 
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GROUP  LEADERS 

RESEARCH  CHEMISTS -RESEARCH  ENGINEERS 

The  reorganization  and  expansion  of  research 
and  development  activities  at  Columbia  Cellu- 
lose have  created  a number  of  interesting  and 
challenging  opportunities  for  experienced  gradu- 
ates holding  degrees  from  the  Bachelor  to  the 
Ph.D. 

There  are  new  openings  for  Group  Leaders  in 
applied  research  and  basic  studies  as  well  as 
Research  Chemists  and  Research  Engineers.  Ex- 
perience in  the  fields  of  physical  chemistry, 
cellulose  chemistry  or  chemical  engineering  is 
preferred. 

The  Company  operates  two  pulp  mills  in  British 
Columbia  producing  acetate,  viscose  and  specialty 
sulphite  pulps  and  bleached  kraft  paper  pulps. 
Our  laboratory  is  one  of  the  few  in  Canada 
offering  full  scope  in  the  fields  of  cellulosic 
chemistry. 

Attractive  salary  schedules,  generous  welfare 
plans  and  full  moving  expenses  are  available  to 
the  successful  applicants. 

Reply  in  confidence  to  ; 

COLUMBIA  CELLULOSE 

COMPANY,  LIMITED 

1030  West  Georgia  St., 

Vancouver  5,  B.C. 

Attention:  Director  of  Research  & Development. 


ROYAL  CANADIAN  AIR  FORCE 

requires 

GRADUATES  IN  ENGINEERING, 
APPLIED  SCIENCE 

HONOURS  MATHEMATICS  OR  PHYSICS 

Employment  will  be  initially  in  field  or  station  en- 
gineering duties  to  assume  managerial,  executive  and 
technical  responsibilities.  Subsequent  assignments  will 
normally  involve  staff,  supervisory  and  planning  duties 
at  higher  formation  headquarters  in  Canada  and  over- 
seas. 

Successful  applicants  will  be  enrolled  in  the  RCAF 
(Regular)  with  the  rank  of  Flying  Officer  in  one  of  the 
following  technical  branches  commensurate  with  educa- 
tional qualifications; 

AERONAUTICAL  ENGINEERING 
CONSTRUCTION  ENGINEERING 
TELECOMMUNICATIONS 

Applicants  must  be  resident  in  Canada  and  be  Canodian 
citizens  or  British  subjects  with  the  status  of  landed 
immigrant;  single  or  married,  not  over  34  years  of  age. 
They  may  elect  either  a short  service  commission  of  five 
yeors  duration  or  a permanent  commission  on  a full  time 
career  basis. 

Further  details  may  be  obtained  from 
the  nearest  RCAF  Recruiting  Unit  or  by  writing  to: 

THE  DIRECTOR  OF  PERSONNEL  MANNING 
AIR  FORCE  HEADQUARTERS 
OTTAWA,  ONTARIO. 


CIVIL 


STRUCTURAL  ENGINEER  — based  in 
Montreal.  For  technical  services  in  pro- 
motion of  structural  steel  in  Quebec  and 
Atlantic  Provinces.  Graduate  of  Canadian 
University  desirable.  Must  be  thoroughly 
bilingual.  Good  personality  and  steel  de- 
sign experience  required.  Car  allowance. 
Annuity.  Salary  commensurate  with  abil- 
ity. Send  full  particulars  to  CANADIAN 
INSTITUTE  OF  STEEL  CONSTRUCTION, 
338  Yonge  Street,  Toronto  1,  Ontario. 


CIVIL  ENGINEER — A contracting  firm 
specializing  in  the  installation  of  caissons 
requires  a young  aggressive  engineer  for 
an  opening  available  in  the  Toronto  area. 
Candidates  should  be  interested  in  the 
field  of  soil  mechanics.  Experience  is  de- 
sirable, but  not  necessary.  Salary  depend- 
ent on  qualifications.  Apply  with  full 
references  to  Personnel  Manager.  7 Connie 
Street,  Toronto  15.  Ontario. 


CITY  ENGINEER  — Applications,  closing 
with  the  Town  Clerk,  P.O.  Box  2199,  Wel- 
lington, New  Zealand,  on  Tuesday  the  15th 
January  1963,  are  invited  for  the  position 
of  City  Engineer  to  the  Wellington  City 
Corporation  at  a salary  which  will  be 
fixed  in  the  range  of  £NZ  3,030-£NZ 
3,480  per  annum.  Copies  of  Conditions  of 
Appointment  and  Schedule  of  Duties  may 
be  obtained  from  M.  S.  Duckworth,  Town 
Clerk. 


CIVIL  ENGINEER  — Required  by  the 
Corporation  of  The  City  of  Windsor,  On- 
tario. Must  be  capable  of  designing, 
estimating,  preparing  reports  for  sewer, 
pavement,  and  sidewalk  work;  supervising 
technical  office  staff.  Must  be  a graduate 
of  a recognized  university  in  civil  en- 
gineering: registered  or  capable  of  being 
registered  as  a Professional  Engineer  in 
the  Province  of  Ontario;  approximately 
3 years’  experience  since  graduation  in 
municipal  engineering.  Fringe  benefits, 
hospital  plan,  medical  plan,  pension,  group 
life  assurance,  vacation,  sick  leave.  Salary 
range  $6743  to  $8038  per  annum.  Applica- 
tions by  letter,  together  with  all  relevant 
data  as  to  qualifications,  are  to  be  ad- 


dressed to  the  Personnel  Director,  Room 
304,  City  Hall,  Windsor,  Ontario.  All  ap- 
plications will  be  treated  as  confidential. 


MECHANICAL 


INDUSTRIAL  ENGINEER  — LARGE 
MERCHANDISING  ORGANIZATION.  An 

excellent  opportunity  to  join  a nation-wide 
Company  with  Head’  Office  in  Toronto, 
requiring  a graduate  Engineer  with  a 
minimum  of  10  years  practical  experience 
in  Industrial  Engineering,  some  part  of 
which  has  been  in  factory  management, 
either  in  a garment  or  automobile  factory. 
He  should  have  a practical  knowledge  of 
time  study  and  motion  economy  and  of 
die,  jig  and  fixture  design;  as  well  as  an 
understanding  of  standard  cost  accounting 
in  addition  to  experience  in  installing  and 
maintaining  Quality  Control  programs. 
Age  between  35  and  45.  Starting  salary 
will  be  commensurate  with  ability  and 
experience.  Our  employee  benefit  program 
which  includes  a profit-sharing  plan  is 
among  the  best  in  Canada.  Please  submit 
complete  resume  with  first  reply  to  De- 
partment 7.97,  Simpsons-Sears  Limited, 
108  Mutual  Street,  Toronto,  Ontario. 


MINING 


METALLURGICAL  ENGINEERS  — Large 
progressive  Corporation  with  subsidiary 
Companies  in  several  provinces  in  Eastern 
Canada  requires  Metallurgical  Engineers. 
Excellent  opportunities  for  advancement. 
Reply  in  confidence  to:  File  No.  292-V. 


MISCELLANEOUS 


ENGINEERS  FOR  MANAGEMENT— proj- 
ect, design,  sales,  research,  development 
and  control.  Graduates  of  most  types 
and  ages  required  by  clients  of  the  Tech- 


nical Service  Council,  a non-profit,  indus- 
try-sponsored placement  service.  Write  2 
Homewood  Ave.,  Toronto  5,  Ontario  or 
1500  Stanley  Street,  Montreal  25,  Que. 
for  an  application.  There  is  no  charge  for 
work  done  on  your  behalf.  File  No. 
6648-V. 

Graduate 

Mechanical 

Engineer 

Age  35-45  ; for  position  leading  to 
Chief  Engineer  for  company  located 
in  New  Jersey,  manufacturing  small 
high  precision  consumer  products. 
Position  involves  responsibility  in 
design,  research  and  product  de- 
velopment. Requires  experience  in 
plastic  injection  molding,  high  speed 
metal  stamping,  precision  screw 
machine  and  metal  finishing  opera- 
tions. A sound  knowledge  of  phy- 
sics essential.  Some  knowledge  of 
chemistry  desirable.  This  is  a per- 
manent, responsible  and  challeng- 
ing position.  Salary  commensurate 
with  experience. 

In  reply  slate  full  details 
of  education,  experience: 

File  No.  305-V. 
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ELECTRONIC 

ENGINEERS 


THIS  IS  A UNIQUE  OP- 
PORTUNITY to  fully  utilize 
your  present  knowledge  — 
to  expand  that  knowledge 
and  broaden  your  scope  and 
experience. 

Expansion  and  diversifica- 
tion of  product  lines  have 
made  available  positions  at 
supervisory,  senior,  and  in- 
termediate levels,  working 
on  highly  interesting 
projects. 

These  projects  involve  the 
application  of  radar,  gyros, 
servo  systems,  digital  circui- 
try, logic,  switching  and 
analogue  circuitry  on  both 
a system  and  a detailed 
basis. 

A university  degree  in  elec- 
trical engineering  or  engi- 
neering physics,  3 to  10 
years'  experience  in  the 
electronics  field,  together 
with  a strong  desire  to 
create  and  learn  are  the 
major  prerequisites. 

You  are  invited  to  discuss 
these  positions  with  us. 
Please  forward  your  resume, 
or  telephone  for  information. 


Industrial 

Relations 

Manager 

SPERRY  GYROSCOPE 
COMPANY  OF  CANADA, 
LTD. 

P.O.  Box  710  Montreal  3,  Que. 


PROFESSIONAL  ENGINEERS 

The  undermentioned  vacancies  exist  with  The  New  Brunswick  Electric 
Power  Commission: 

1 — Mechanical  Engineer  with  a minimum  of  four  years  experience  in 
thermal  power  station  operation;  to  be  located  in  Saint  John,  N.B. 
1 — Electrical  Engineer  with  a minimum  of  four  years  experience  in 
the  maintenance  of  electrical  equipment  associated  with  thermal 
power  stations,  with  headquarters  in  Fredericton,  N.B. 

Salaries  will  be  commensurate  with  applicants’  qualifications  and  ex- 
perience. 

Applications  should  be  forwarded  to: 

THE  PERSONNEL  MANAGER, 

The  N.B.  Electric  Power 
Commission 

FREDERICTON,  N.B. 

MISCELLANEOUS  TEACHING 


CREATIVE  ENGINEER  with  interest  in 
and  experience  with  material  handling 
equipment.  Responsibilities  of  this  position 
include  the  study  of  material  handling 
needs,  developing  conveyors  and  such  ma- 
terial handling  needs  as  seen  fit  and  im- 
plementing such  recommendations  as  may 
be  accepted  by  the  management  group  of 
this  progressive  company  situated  in  Ot- 
tawa. Salary  open.  Please  send  resume  in 
full  confidence  to  File  No.  302-V. 

QUALITY  CONTROL  SUPERVISOR  — A 

leading  food  processing  company  in  the 
Montreal  area  requires  the  services  of  a 
qualified  individual  to  take  charge  of  their 
quality  control  department.  A University 
degree  is  desirable  but  consideration  will 
be  given  to  candidates  having  experience 
in  the  quality  control  field.  The  successful 
candidate  will  report  directly  to  the  Plant 
Manager  and  supervise  several  technicians. 
He  must  be  willing  to  relocate.  Salary 
open.  Reply  to  File  No.  309-V. 


Discussion 


(Continued  from  page  56) 


The  standard  is  composed  of  six  sections 
as  follows: — 

1.  Scope. 

2.  Classification  of  Personnel. 

This  defines  a Junior  and  a Senior  Indus- 
trial Radiographer. 

3.  Responsibilities  of  Personnel. 

This  outlines  the  duties  of  the  groups. 
The  individual  can  only  be  examined 
v/hen  his  duties  and  his  level  of  knowl- 
edge have  been  established. 

4.  Eligibility  for  Certification. 

This  section  outlines  the  experience  and 
education  necessary  before  the  certifica- 
tion tests  may  be  taken. 

5.  Certification  Procedure. 

This  informs  the  certifying  agency  of 
the  type  of  test  to  be  given.  A written 
test  only  for  the  Junior  Grade  candidate. 
A written  and  practical  test  for  the 
Senior  Grade  candidate. 

6.  Recertification. 

This  is  necessary  if  a certified  radiogra- 
pher is  absent  for  a period  of  one  year 
or  more  from  the  work  for  which  he 
has  been  certified. 

A part  of  any  test  given  in  radiography 
must  include  the  subject  of  radiation  pro- 
tection. The  Radiation  Protection  Division 
of  the  Dept,  of  Health  and  Welfare  was 
concerned  with  the  preparation  of  the  Stan- 


MECHANICAL  ENGINEERING  TEACHER. 

Young  Ph.D.  required  interested  in  teach- 
ing and  research  in  Thermodynamics, 
Control  Systems  or  Machine  Design,  or  a 
combination  of  them.  Appointment  at 
Assistant  Professor  level  in  July  1963.  For 
details  write  Chairman,  Mechanical  Engi- 
neering Department,  McMaster  University, 
Hamilton,  Ontario. 


DESIGN,  GRAPHICS  TEACHER  required 
for  Mechanical  Engineering  Department. 
Advanced  degrees  and  interest  in  creative 
design  and  research  desirable.  Appoint- 
ment at  Assistant  Professor  level  in  Janu- 
ary or  July  1963.  For  details  write  Chair- 
man, Mechanical  Engineering  Department, 
McMaster  University,  Hamilton,  Ontario. 


dard.  There  is  a separate  written  test  on 
radiation  protection  in  which  the  candidate 
must  obtain  a passing  mark. 

The  Standard  has  been  well  received 
across  Canada  and  has  aroused  consider- 
able interest  both  here  and  in  the  United 
States.  To  date  written  tests  for  junior 
grade  personnel  have  been  conducted  in 
Halifax,  Montreal,  Ottawa,  Toronto,  Ed- 
monton and  Vancouver.  Practical  tests  for 
senior  grade  personnel  are  given  only  in 
Ottawa  at  the  present  time. 

It  is  not  desired  that  people  should 
travel  across  Canada  to  Ottawa  to  take 
these  tests.  It  is  hoped  eventually  to  obtain 
other  facilities  where  they  may  be  given. 
For  example  arrangements  are  being  made 
with  the  Pacific  Naval  Laboratories  in 
Esquimalt,  B.C.  to  conduct  senior  grade 
examinations  in  the  near  future. 

A total  of  100  persons  have  written  the 
junior  examination.  There  are  10  senior 
certified  radiographers  and  several  others — 
waiting  to  take  the  tests.  A suitable  cer- 
tificate is  presented  to  the  successful  can- 
didates. 

One  effect  of  the  standard  has  been  to 
arouse  considerable  interest  in  nondestruc- 
tive testing  in  general,  and  in  the  need  for 
courses  of  instruction.  It  appears  to  have 
awakened  many  groups  to  the  fact  that 
perhaps  here  is  a means  to  enforce  an  in- 
creased knowledge  of  radiography  and  an 
improvement  in  quality  control. 

A number  of  institutions  have  conducted 
lectures  or  are  planning  to  conduct  lectures 
to  prepare  candidates  for  the  certification 

(Continued  on  page  84) 
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TO  A SOUTHERN  ONTARIO  OIL  REFINERY 


HORTON  ENGINEERS 
CAN  HANDLE  ANY 
STEEL  PLATE 
REQUIREMENT! 


Whether  the  location  is  at  the  end  of  a dog-sled  run  or 
just  around  the  corner,  Horton  engineers  will  go  there 
and  do  the  job.  From  the  simplest  erection  job  to  a vast 
technical  complex,  Horton  will  engineer,  fabricate,  and 
erect  any  kind  of  steel  plate  structure  to  any. require- 
ment, anywhere.  Horton’s  high  standards  of  engineer- 
ing are  providing  numerous  installations  right  across 
Canada  with  steel  plate  structures  fabricated  to  the 
most  precise  specifications.  Whatever  your  problem, 
large  or  small,  no  matter  where,  if  it  can  be  solved  by 
the  design,  fabrication  and  erection  of  steel  plate,  call 
Horton  today. 

HSW-623 


[SHAPES) 

MEW 

NORIZOMS 

iNwrt 


HORTON  STEEL 

ik^whmWORKS,  LIMITEDbhbw^hmh 

25  ADELAIDE  STREET  WEST,  TORONTO,  ONTARIO 

Plants  and  Offices  throughout  Canada 


TANKS  AND  STEEL  PLATE  WORK  FOR  ANY  INDUSTRIAL  ASPECT 
. . . IN  CARBON  STEEL,  SPECIAL  METALS  OR  COMPOSITES. 
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Industrial 


Sealectoboard 


THE  “SEALECTOBOARD”  PROTO- 
KIT, availalile  from  Electro  Sonic  In- 
dustrial Sales  (Toronto)  Limited,  pro- 
\ ides  circuit  programminti  w ithout  using 
patchcords  and  is  used  hy  eciuipment 
and  machine  tool  manufacturers  for  eco- 
nomical versatile  switching  functions.  The 
Sealectoboard  is  suited  for  program- 
ming of  all  types  of  electronic/electrical 
systems,  breadboarding  and  anywdiere 
else  w'here  a multiplicity  of  switching 
and  circuitry  changes  ari‘  necessary  for 
experimentation . 

AN  ELECTRO-M.\GNETIC  COUNTER 
w'hich  can  he  manually  preset  to  any 
number  between  0 and  9999  has  been 
announced  by  Forster  Instruments  Ltd., 
Toronto.  When  pidsed,  it  will  electrically 
subtract  from  any  preset  number  of  four 
figures,  or  less,  back  to  zero.  The  model. 
Series  1500,  has  a built-in  microswitch 
which  can  be  made  to  open  or  close 
a circuit  when  zero  is  reached.  The 
counter  can  then  be  reset  to  the  xrreset 
number  either  manually  or  electrically, 
and  the  operation  repeated.  Operating 
speed  is  20  counts  per  minute.  Models 
are  available  to  operate  on  24  or  28  d.c.; 
110-11.5  volts  a.c.  50  and  60  cycles; 
200-240  volts  a.c.  50  cycles. 

41  IE  SHAW  PROCESS,  a new'  approach 
to  precision  casting,  is  described  in  a new' 
62-page  booklet  available  from  Deloro 
Stellite,  Box  -341,  Belleville,  Ont.  Deloro 
Stellite  is  a Division  of  the  Deloro 
Smelting  & Refining  Company,  Limited. 

A PRECISE  RECORD  of  operating  time 
for  a w'ide  range  of  industrial  operations 


Briefs 


now  can  be  kept  \vith  the  new  AC  and 
DC  running  time  meters  manufactured 
by  Industrial  Timer  Corp.  and  offered  by 
Sperry  Gyroscope  Ottawa  Limited.  Each 
meter  is  a compact,  ruggedly-built  unit 
pow'ered  by  a permanently  lubricated 
synchronous  nnrtor.  There  are  three  AC 
models  for  115  or  220  volts  at  60  cps. 
Model  C-9  covers  one-tenth  of  an  hour 
to  9999.9  hours,  model  C-9D  covers 
one  tenth  of  a minute  to  9999.9  minutes 
and  C-9F  from  one  minute  to  99999 
minutes.  The  DC  model,  C-8  counts  from 
one-tenth  of  an  hour  to  9999.9  hours. 
I’hese  meters  which  can  be  easily  mount- 
ed, are  p(n\'ered  by  a solenoid  wound 
clock  movement,  standard  models  ope- 
rate on  6.  12.  28  and  32  volts. 


Industrial  Timer 


GATES  RUBBER  OF  CANADA  LTD. 
has  developed  a new  three-wire-braid 
hydraulic  hose,  type  54MB.  Two  sizes 
are  available  /l-inch,  and  one  inch  inside 
diameter.  Working  jrressures  are  4000 
psi  for  /4-inch  ho.se  and  3000  psi  for 
one  inch  I.D.  The  rubber  cover  of  this 
hose  is  highly  oil-resistant  and  with- 
.stands  abrasion,  weather  and  sunlight. 
The  reinforcement  consists  of  three 
braids  of  fine  steel  w'ire,  and  the  rubber 
tube  gives  excellent  resistance  against 
the  damaging  effects  of  hydraulic  oils 
and  fluids. 

A NEW  LINE  of  Carb-O-Lock  disposable 
carbide  inserts  with  built-in  chip-con- 
trol is  available  from  Carboloy  Section, 
Canadian  General  Electric.  These  chip- 


s'? 


control  inserts,  are  available  in  Garboloy 
cemented  carbide  Grades  350  and  370 
for  steel-cutting,  applications,  and  Gar- 
boloy Grade  883  for  applications  in- 
volving non-ferrous  and  high  tempera- 
ture alloy  materials.  The  new  insert  de- 
sign provides  a broad  range  of  chip 
control  in  approximately  95%  of  all  nor- 
mal turning  operations. 

A MOLYBDENIZED  LUBRIGANT.  Ro- 
col  Molygear,  specially  formulated  for 
open  gears,  cams,  pinions,  wire  ropes, 
draglines,  chains  and  cables  has  been 
introduced  in  Ganada  by  the  Bird-Archer 
Go.  Limited,  Goburg,  Ont.  Molygear  is 
said  to  ensure  low  friction  and  high  load 
carrying  pow'er.  It  resists  shock,  corro- 
sion and  adhesion  to  moving  surfaces. 
Since  it  is  viscious  and  re.silient,  Moly- 
gear cushions  parts  and  reduces  noise, 
and  being  non-tacky,  it  resists  the  in- 
trusion of  dirt  and  foreign  materials 
W'hich  are  common  problems  w'ith  lubri- 
cants. 

TWO  HIGH-PRESSURE  PORTABLE 
GOMPRESSORS  delivering  5 c.f.m.  at 
125  p.s.i.  have  been  introduced  by  Dc- 
Vilbiss  (Canada)  Limited.  The  ga.soline 
unit,  (PLE-504)  has  a dh  hp.  engine 
operating  a Ih  hp.  compressor.  It  fea- 
tures a recoil  starter.  A four-quart  fuel 
tank  ensures  uninterrupted  operation. 
The  compressor  can  be  run  at  lower 
throttle  openings.  The  electric  unit, 
(PL-504)  has  a IK  hp.  motor  w'ith  on-off 
toggle-type  .switch  and  a 15-foot  lead 
cord.  Both  units  are  designed  for  high- 
pressure  operation  with  forged  connec- 
tion rods,  precision-ground  journals,  drop- 
forged  crankshaft  and  centrifugal  force 
oiling  to  lubricate  bearings  internally. 


Portable  Compressor 
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SPARLING 


Throughout  the  world  Sparling  is  a leading  designer,  fabricator  and  erector  of  process’ 
equipment  in  aluminum,  steels  and  other  metals.  Pressure  vessels,  storage  bins  and 
tanks,  penstocks;  whatever  it  is  you  need,  Sparling's  talented  team  of  designers  and 
engineers  can  make  it — and  make  it  on  time!  Call  Sparling. 


SPARLING 


DIVISION 


PROCOPl  LIÜÆITED 


48  YONGE  STREET,  TORONTO  1,  362-7392  Edmonton  Regina  Oakville  Toronto  Montreal  Halifax 
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HOPKINSONS’ 

SOOT 

BLOWERS 


• For  all  types  of  water-tube  boilers 
at  all  working  pressures. 

• Available  with  automatic  sequential 
control  when  required. 

• Hopkinsons’ experience  and/^rofew 
high  standards  of  design,  materials 
and  workmanship  ensure  maximum 
availability  of  water-tube  boilers  in 
the  thermal  generation  field. 

• Prices  invite  comparison. 

Write  for  Bulletin  No.  5700 

HOPKINSONS  LIMITED  — HUDDERSFIELD,  ENGLAND 

Manufacturers  of  Valves  and  Boiler  Fittings  for  over  100  years 


REPRESENTED  IN  CANADA  BY 

PEACOCK  BROTHERS  LIMITED 

MONTREAL 


SYDNEY  • TORONTO  • SUDBURY  • CALGARY  * VANCOUVER 
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• Discussion 

(Continued  from  page  72) 

examinations.  The  Institutes  of  Technology 
for  example  are  becoming  quite  interested 
in  the  subject.  Recently  a one  week  course 
of  instruction  in  radiography  was  spon- 
sored in  Vancouver  by  the  British  Columbia 
Department  of  Education.  Its  twofold  pur- 
pose was  to  expand  the  knowledge  of 
radiation  protection  and  to  prepare  can- 
didates for  the  certification  examinations. 
The  C.G.S.B.  committee  on  certification  is 
now  preparing  material  for  a series  of  lec- 
tures which  prove  useful  to  institutions 
who  may  wish  to  conduct  such  courses. 

I have  only  dealt  with  the  certification 
of  radiographic  personnel.  What  of  certifica- 
tion in  the  other  non-destructive  test  meth- 
ods? 

The  C.G.S.B.  has  recently  activated  a 
committee  on  ultrasonic  testing  and  the 
problem  of  certification  of  personnel  will 
be  investigated. 

In  the  United  States  certification  of  non- 
destructive testing  personnel  is  arousing 
much  interest.  A large  number  of  indus- 
trial groups,  government  agencies,  technical 
societies  etc.  are  involved  to  some  degree 
in  this  problem.  Many  groups  are  approv- 
ing or  certifying  personnel  within  their 
own  fields  of  interest  and  organizations 
such  as  the  American  Welding  Society,  the 
American  Society  for  Testing  and  Ma- 
terials and  the  Society  for  Nondestructive 
Testing  feel  that  they  must  at  least  study 
the  problem  since  it  pertains  to  matters 
upon  which  they  are  well  qualified  to  ad- 
vise. 

As  Mr.  Hayward  has  pointed  out  the 
use  of  non-destructive  testing  for  the  quality 
control  of  welded  steel  structures  is  rapidly 
increasing.  In  fact  the  uses  and  the  needs 
for  improved  quality  increase  much  faster 
than  we  can  educate  our  operators  or  engi- 
neers to  obtain  the  quality  control  re- 
quired. 

If  we  are  to  remain  in  step  we  must 
foster  knowledge  in  this  field.  Certification 
of  personnel  is  one  means  to  provide  im- 
petus to  the  program. 

Discussion  by  L.  Jehu, 

Welding  Research  & Development 
Engineer,  Dominion  Bridge  Co.  Ltd., 
Montreal. 

Mr.  Hayward  has  done  an  excellent  job 
in  bringing  us  closer  to  the  many  methods 
of  non-destructive  testing  which  are  cur- 
rently being  employed  in  the  fabricating 
industry.  However,  in  dealing  with  such  a 
wide  subject  his  discussions  of  the  various 
methods  have  necessarily  been  brief  and 
in  the  light  of  current  trends  I feel  that  the 
discussion  of  ultrasonic  inspection  should 
be  further  explored. 

Ultrasonic  inspection  of  welds  is  being 
introduced  into  specifications  for  welded 
work  and  sometimes  is  being  called  in  as 
an  inspection  tool  at  some  stage  after  fab- 
rication has  commenced  and  it  appears 
that,  since  it  has  the  ability  to  indicate 
minute  discontinuities,  it  is  being  con- 
sidered as  a means  of  guaranteeing  the 
safety  of  the  welded  product. 

It  is  a simple  matter  to  introduce  a clause 
into  a specification  which  merely  states  that 
“All  welds  shall  be  examined  by  the  ultra- 
sonic method”.  Once  this  clause  has  come 
into  effect,  the  fabricator  and  inspector 
must  receive  further  direction  which  will 
stipulate  the  conditions  under  which  the 
inspection  shall  be  done  and  the  limits 
for  acceptance  or  rejection.  To  the  writer’s 

( Continued  on  page  86) 
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Canadian  Oil  Companies  Ltd.,  Alberta  Refinery 


cut  operating  costs 

A RUSTON 
TA  gas-turbine 
will  fit  info 
your  picture 


RUSTON 

PaxmaN 


Ruston  TA  gas  turbines  are  cutting  operating  costs  in 
the  Petroleum  Industry  in  Canada  and  elsewhere  in  the 
world.  For  instance,  two  TA’s  have  been  running  on 
natural  gas  for  more  than  21,000  hours  each  in  a Middle 
Eastern  Oilfield  Pumping  Station,  without  a sign  of 
deterioration  of  performance  or  need  for  inspection. 
And,  due  to  heat  and  dust,  working  conditions  have  been 
far  from  ideal.  Indeed,  the  total  world  wide  hours  of  cus- 
tomer satisfaction  substantially  exceed  the  million  mark. 

The  production  of  power . . . and  heat . . . from  natural 
gas,  distillates  or  selected  crudes,  make  Ruston  TA  gas 
turbines  economical,  highly  versatile  and  by  far  the 
wisest  choice  of  engineers  for  a variety  of  refinery  or 
petrochemical  applications.  Ask  your  Ruston  & Hornsby 
engineer  to  show  you  how  a TA  will  fit  into  your  picture 
to  cut  operating  costs. 

Ruston  TA  Gas  Turbines — lightweight,  longlife  power 
units  which  give  1260  B.H.P.  at  the  push  of  a button — 
and  regularly  over  10,000  hours  between  inspections. 


RUSTON  & HORNSBY  LTD  . associated  with  DAVEY,  PAXMAN  & CO.  LTD. 

DISTRIBUTORS;  Newfoundland:  Steers  Ltd.,  St.  John’s*  Nova  Scotia:  Atlantic  Bridge  Co.  Ltd.,  Lunenburg.  Eastern  Ontario:  Ruston  & Hornsby  Ltd..  Toronto 
Quebec  & New  Brunswick:  Ruston  & Hornsby  Ltd.,  Montreal  • Western  Ontario  (Lakehead);  Northland  Machinery  Supply  Co.  Ltd,,  Fort  William  . Manitoba  & 
Saskatchewan:  Mumford,  Medland  Ltd.,  Winnipeg  & Regina  • Alberta:  Gorman's  Ltd,,  Edmonton  • British  Columbia:  Ruston  & Hornsby  Ltd.,  Vancouver. 
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knowledge  such  direction  does  not  exist 
in  the  form  of  specifications.  For  example, 
A.S.T.M.  Specification  E-164  entitled  “Ultra 
Sonic  Inspection  of  Weldments”  requires  a 
test  plate  to  be  welded  up  and  a “Test 
Hole”  to  be  drilled  in  it  at  a specific  point. 
However,  it  also  states  that  the  dimensions 
of  the  hole  are  to  be  mutually  agreed  upon 
between  the  purchaser  and  the  fabricator. 
This  presumes  that  both  parties  thoroughly 
understand  the  principles  and  practises  of 
this  method.  This  can  be  (and  most  often 
is)  erroneous  and  leaves  one  suspended  in 


space  since  it  gives  no  guidance  on  how 
to  co-relate  the  hole  size  with  signals  which 
show  flaws  of  acceptable  magnitude,  nor 
does  it  give  any  minimum  standards  of 
acceptance. 

As  far  as  fillet  welded  joints  are  con- 
cerned, this  specification  warns  not  to  mis- 
interpret the  signals  which  reflect  off  the 
non  fused  edge  of  the  plate  at  the  root  of 
fillet  welds.  In  so  doing,  the  specification 
raises  the  question  “Can  fillet  welds  be 
reliably  inspected?”. 

With  some  experience  an  operator  can 
make  some  shrewd  guesses  as  to  the  nature 
of  the  discontinuity  which  causes  the  “pip” 
on  his  oscillograph  since  such  signals  can 
be  caused  by,  lack  of  fusion,  cracks. 


For  lower  cost  per  unit 
look  to  C.M.C. 
Special  Purpose  Machines 


This  special  purpose  machine  was  built  to  meet  very  special  require- 
ments. Working  closely  with  the  client’s  engineering  department,  C.M.C. 
built  this  12-head,  fully  automated  hydraulic  piercing  and  forming 
machine  ...  a machine  that  has  proved  absolutely  right  for  the  job. 
If  you  have  a production  problem  of  costs,  efficiency  or  productivity  a 
special  purpose  machine  may  be  just  the  answer.  Call  on  us  without 
obligation  — The  C.M.C.  Special  Purpose  Machine  Division  is  at  your 
service. 


12-head,  fully  automated  hydraulic  piercing  and  forming  machine 


OOJZJPORATJOAT  I/m. 

GALT  • ONTARIO  • CANADA  6C0i 


porosity,  slag  inclusions,  undercuts,  weld 
surface  conditions  (roughness),  etc.  Cracks  «8''' 
usually  result  in  a sharply  defined  signal,  H 
Other  discontinuities  such  as  porosity  and  S 
slag,  are  not  so  accommodating  and  all  one  ^ 
can  conclude  is  that  some  form  of  dis-  * 
continuity  exists.  Thus  since  the  magnitude  ^ 
of  the  signal  is  no  measure  of  the  size  of  T f 
defect,  the  operator  is  in  a predicament  as  ^ j 
he  not  only  is  ignorant  of  the  true  cause  ' ( 

and  size  of  the  defect,  but  also  has  no  ] 
standards  of  acceptance  from  which  to 
judge.  ' 

Generally  this  method  is  considered  to 
be  the  least  suitable  for  the  inspection  of  ■' 
fillet  welds  and  no  doubt  because  of  this, 
the  problem  is  being  studied.  Several  meth- 
ods for  the  inspection  of  fillet  welds  have 
been  developed  using  either  a single  probe 
or  two  probes.  These  methods  are  based  on 
assumptions  such  as: 

(a)  the  root  of  the  fiUet  weld  is  perfectly 
straight, 

(b)  the  shape  and  contours  of  the  weld 
deposit  are  uniform  throughout  the 
length  of  the  weld, 

(c)  the  geometrical  relationship  between 
the  assembled  parts  (such  as  flange 
and  web  of  a girder)  are  true  and 
constant  throughout  the  entire  member, 

(d)  the  surface  of  the  piece  being  inspected 
is  very  smooth. 

Unfortunately  in  practise  it  is  impossible 
to  fulfill  these  assumptions  since  variations 
in  arc  voltage  or  welding  speed  will  affect  , 
the  penetration  at  the  root  of  a fillet  and  'j(' 
straight  line  penetration  will  not  be  ob- 
tained. The  shape  and  contour  of  the  fillet  ’ 
is  affected  by  the  position  of  welding,  the 
type  of  electrode  being  used,  the  number 
of  beads  or  passes  employed,  the  current  i , 
used,  etc.  with  the  result  that  smooth,  uni- 
form geometrical  shapes  are  not  obtainable. 
Again,  the  surface  of  the  piece  being  in-  f-, 
spected  is  not  very  smooth  since  in  general 
it  will  be  in  the  “as  received”  condition 
and  will  have  mill  scale  attached  to  it. 

The  mill  scale  in  all  probability  will  exist 
in  local  patches  and  thus  disturb  the  smooth- 
ness. , 

These  are  some  of  the  conditions  which 
mitigate  against  the  process.  Nevertheless, 
groups  have  continued  to  study  the  prob- 
lem and  the  general  conclusion  is  that  it  is 
possible  to  examine  fillet  welds  under 
laboratory  conditions  providing  very  exact- 
ing techniques  are  carefully  applied.  How- 
ever, for  conditions  outside  the  laboratory, 

(i.e.  shop  and  field)  the  methods  are  too 
complex  to  ensure  that  they  have  been 
properly  applied  and  in  addition  are  very 
slow  and  would  interfere  with  general  pro- 
duction. 

From  the  foregoing  it  can  be  seen  that 
it  is  quite  possible  that  ultrasonic  inspec- 
tion may  not  be  the  right  answer  for  the 
inspection  of  welds,  either  from  the  eco- 
nomic or  quality  view  point.  It  may  also 
be  seen  that  the  skill  and  competence  of 
the  operator  can  have  a profound  effect 
on  the  results  obtained  and  to  date  no 
controls  have  been  set  up  to  establish 
whether  or  not  an  operator  is  qualified  to 
make  the  inspection. 

The  Division  of  Highways  of  the  State 
of  California  have  for  years  been  experi- 
menting with  the  use  of  Ultra  Sonic  testing 
of  fillet  welds.  To  date  they  find  the  pro- 
cedure lacks  reliability  and  have  not  been 
able  to  develop  satisfactory  standards. 
Therefore  they  do  not  use  ultrasonic  testing 
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for  fillet  welds  but  rely  primarily  upon 
visual  inspection  supplemented  by  dye  pene- 
trant or  magnetic  particle. 

Author’s  reply: 

The  written  discussions  all  come  from 
engineers  of  prominence  in  the  field  of 
N.D.T.  and  Weld  Quality  Control  and 
certainly  enhance  the  value  of  the  paper. 
Each  individual  has  naturally  dealt  with 
those  aspects  of  the  subject  which  are  of 
personal  interest  and  it  is  significant  that 
there  is  a broad  area  of  agreement  con- 
cerning the  nature  of  the  problems  and 
also  the  urgency  of  the  need  to  find  prac- 
tical solutions  for  them. 

Mr.  Gooderham  has  made  specific  pro- 
posals to  assist  the  industry  through  the 
C.S.A.  in  setting  up  quantitative  standards 
of  weld  quality  acceptance  for  space  frame 
structures  and  other  types  of  specialized 
welded  structures.  He  also  reports  progress 
in  the  direction  of  certification  of  welding 
inspectors  and  organizations  as  proposed 
by  the  author. 

During  a recent  tour  of  Great  Britain 
and  the  Scandinavian  countries  the  author 
enquired  into  the  European  practice  in  the 
field,  and  it  was  apparent  that  these  coun- 
tries are  making  good  progress.  Dr.  H. 
Vinter,  director  of  a national  welding  and 
quality  control  organization  in  Denmark 
expressed  the  opinion  that  welding  inspec- 
tion personnel  of  an  educational  level 
equivalent  to  the  chartered  accountant,  are 
required  to  operate  efficient  weld  quality 
control  programs.  In  his  final  paragraph 
Gooderham  confirms  the  amendment  to 
C.S.A.  W59  permitting  100%  efficiency  in 
welded  butt  joints  and  it  is  assumed  that 
some  recommendation  or  requirements  for 
N.D.T.  examination  is  applicable  to  100% 
butt  weld  joints.  Mr.  Barer  has  stated  that 
his  personal  experience  with  welded  war- 
ships and  weapon  systems  is  in  general 
agreement  with  the  concepts  and  philoso- 
phies expressed  by  the  author.  He  also 
directs  our  attention  to  the  data  on  the 
“Effects  of  Weld  Defects”  published  in  the 
“Proceedings  of  the  3rd  International  Con- 
ference on  Non  Destructive  Testing  held  in 
Tokyo  March  1960”.  Similar  data  is  now 
being  compiled  by  Commission  V of  the 
International  Institute  of  Welding  and  a 
resolution  was  passed  by  that  Body  in  Oslo, 
June  1962  stressing  the  need  for  the  early 
completion  of  their  own  program  of 
experimental  work  on  this  subject.  At 
present,  however,  the  author  is  not  aware 
of  any  welding  code  in  use  in  North 
America  whose  weld  quality  requirements, 
as  determined  by  visual  and  non-destructive 
examination,  are  wholely  (or  directly)  based 
upon  quantitative  research  data  concerning 
the  effects  of  weld  defects  in  a given  ser- 
vice condition. 

Messrs.  Jehu  and  Gooderham  have  given 
their  support  to  the  author’s  views  con- 
cerning the  limitations  of  ultrasonics  when 
employed  on  welded  bridge  girders  and 
welded  buildings.  Mr.  Jehu  has  pointed 
out  that  until  such  time  as  a recognized  code 
authority  publishes  an  acceptable  ultrasonic 
testing  standard  which  is  directly  applicable 
to  the  class  of  structure  being  fabricated; 
and  a supply  of  specially  trained  and  certi- 
fied ultrasonic  operators  become  available, 
the  use  of  this  inspection  tool  will  remain 
of  doubtful  value  and  a source  of  disputes 
between  architects,  engineers  and  fabricators. 
The  working  Group  C (ultrasonics)  of 
Commission  V,  International  Institute  of 
Welding,  reported  in  Oslo  that  Britain, 
Belgium,  Denmark,  France,  Holland  and 
Germany  have  experimental  programs  in 
progress  on  ultrasonic  inspection  methods 
for  fillet  welds.  The  special  techniques. 


however,  are  not  sufficiently  developed  at 
this  stage  to  permit  their  use  on  welded 
bridges,  rigid  frame  buildings  and  similar 
weldments.  In  addition  they  re-confirmed 
their  report  of  New  York  1961,  stating 
that  at  this  time  it  is  not  possible  to  use 
the  amplitude  of  the  echo  appearing  on 
the  oscilloscope  screen  as  a measure  of 
weld  defect  size.  Mr.  Gooderham’s  report  of 
failure  in  his  efforts  to  find  a satisfactory 
correlation  between  standard  C.W.B.  weld- 
ing operators’  qualification  test  pieces,  which 
were  tested  first  by  ultrasonics,  and  then 
by  mechanical  semi-destructive  bending  is 
worthy  of  consideration. 

Mr.  Havercroft  who  is  responsible  for 
the  testing  and  certification  of  industrial 
radiographers,  has  set  down  the  progress 
made  to  date  and  outlined  the  recent  efforts 
directed  towards  the  study  of  certification 


• Proportional  Bond:  0 to  400%  continu- 
ously adjustable,  direct-  or  reverse-acting. 

• Reset;  0.1  to  100  repeats  per  minute. 

• Derivative:  0 to  1 0 minutes  derivative 
time. 

• Air  Pilot:  Non-bleed  type. 

• Pilot  Capacity:  Over  3.0  scfm. 

• Frequency  Response:  Essentially  flat  to 
300  cycles  per  minute. 


for  ultrasonic  and  magnetic  particle  testing 
operators.  He  confirms  the  general  lack  of 
facilities  for  training  N.D.T.  operators  in 
Canada  and  reports  that  the  supply  of 
trained  personnel  is  falling  behind  the 
present  needs  of  Canadian  industry.  Co- 
operation is  clearly  needed  between  all  the 
interested  groups  to  provide  the  necessary 
training  facilities  and  this  would  seem  to 
offer  an  excellent  opportunity  to  the 
numerous  vocational  training  schools  and 
technical  colleges  which  are  now  being 
provided  by  the  Federal  Government  under 
a crash  program. 

In  conclusion,  all  the  discussions  bring 
out  different  aspects  of  the  paper,  provide 
additional  material,  show  wide  understand- 
ing of  the  problems  involved,  and  are  sin- 
cerely appreciated. 


• Temperature  Stability:  Less  than  0.1% 
change  in  output  pressure  for  90°  F 
temperature  change. 

• Chart:  8''  diameter;  wide  variety  avail- 
able. 

• Material:  Aluminum  housing;  316  stainless 
steel  internal  parts;  Ni-Span  C feedback 
element. 

• Recording  Controllers  offered  for:  Pressure 
and  Vacuum,  Temperature,  Flow  and  Differ- 
ential Pressure,  Liquid  Level  and  Humidity. 


• Simple  modular  design  for  ease  of  servicing 

• High  control  stability  for  closer  process  control 

• Designed  for  batch-type  and  continuous  processes 

• Proportional,  proportional-plus-reset,  and  propor- 
tional-plus-derivative control  models  available 

• Less  panel  space— fits  13^16"  x lOViô"  cut-out 
Write  or  call  for  complete  data 

^ Bi*isi:ol 

OR  CA.IS1ADA  LIIVIITED 


TORONTO  • MONTREAL  • HAMILTON  • CALGARY  • VANCOUVER 


SIMPLE 

RELIABLE 

STABLE 


pneumatic  recording  controller 

Control  unit  characteristics: 
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Pîirsonals 

^Continued  from  page  52) 

W.  B.  Hall,  ^^.E.I.c.  (Toronto  ’45)  lias 
been  appointed  Sales  Manager  of  Cana- 
dian Porcelain  Company  Limited, 
Hamilton.  Mr.  Hall  has  had  considerable 
e.xpericnce  in  the  electrical  and  industrial 
field. 


W.  B.  Hall, 

M.E.I.C. 


G.  D.  Sauer, 

M.E.I.C. 


G.  D.  Sauer,  m.e.i.c.  (McGill  ’31)  will 
spend  three  months  in  British  Guiana, 
where  he  will  make  a preliminary  sur- 
vey of  the  country’s  water  resources, 
under  tlie  United  Nations  program  of 
technical  assistance.  Mr.  Sauer  is  one  of 
the  many  UN  technical  assistance  e.\- 
perts  w'ho  go  abroad  every  year  to  ad- 
vise governments,  at  their  request,  on 
the  development  of  their  economic  and 
human  resources. 

M.  L.  Wade,  m.e.i.c.  (McGill  ’12) 
Councillor  for  the  Central  B.C.  Branch 
of  the  Institute,  has  become  associated 
with  the  firm  of  Wannop,  Hirtle  & As- 
sociates, Consulting  Engineers. 

R.  D.  Paterson  has  been  appointed  sales 
manager  of  the  Ba.\-Fast  Division,  Avdel 
Limited,  Toronto.  Rax-Fast  produces 


special  systems  for  industrial  storage 
racking.  Mr.  Paterson  has  been  associ- 
ated with  the  field  of  industrial  pro- 
tective coatings. 

Robert  F.  Legget,  m.e.i.c.  ( Liverpool 
’27),  Director  of  the  Division  of  Build- 
ing Research  of  the  National  Research 
Council  has  been  re-elected  for  a second 
three-year  term  to  the  10-man  Execu- 
tive Committee  of  the  International 
Council  for  Building  Research,  Studies 
and  Documentation  (C.I.B.). 

R.  J.  Schneider,  m.e.i.c.  (Toronto  ’46), 
Vice  President  and  General  Manager  of 
Canadian  Dredge  and  Dock  Co.  Limited, 
has  been  elected  to  the  Board  of  Direc- 
tors of  that  Company.  Mr.  Schneider 
joined  the  Company  in  1947  and  has 
serv'ed  in  management  capacities  since 
that  time.  He  is  also  Vice-President  and 
Director  of  Bedford  Construction  Lim- 
ited, and  Russell  Construction  Limited, 
subsidiaries  of  Canadian  Dredge  and 
Dock. 


R.  F.  Legget,  R.  J.  Schneider, 

M.E.I.C.  m.e.i.c. 

H.  W.  R.  Gibney,  m.e.i.c.  (U.B.C.  ’50) 
has  been  appointed  Senior  Planning 
Engineer,  Mine  Engineering,  Sullivan 
Mine,  Mines  Division  of  The  Consoli- 
dated Mining  and  Smelting  Company  at 
Kimberly,  B.C. 


m.e.i.c. 


Humphrey  Style  of  Toronto,  has  been  ^ 
elected  President  of  the  Canadian  Elec- 
trical  Manufacturers  Association.  He  will  ▼ 
be  responsible  for  guiding  the  Associa-  'h 
tion  which  represents  Canada’s  electrical 
manufacturing  industry.  Mr.  Style  has  V, 
been  President  of  John  Inglis  Co.  Ltd.,  j 
Toronto,  since  1951  and  has  had  many 
years  of  administrative  experience. 


Humphrey  Style 


G.  Jost, 


George  Jost,  m.e.i.c.  (McGill  ’32)  has 
joined  the  Oceanair  Travel  Agency, 
Montreal.  Prior  to  this,  he  was  associ- 
ated with  the  Beauharnois  Power  Cor- 
poration for  two  years,  and  with  Cana- 
dian Industries  for  24  years,  serving  in 
various  sales  capacities.  During  the  last 
ten  years  at  C-I-L,  he  was  export  sales 
and  marine  traffic  manager.  Mr.  Jost  is 
a member  of  the  executive  committee 
of  the  Canadian  Inter-American  Associ- 
ation, Montreal;  and  an  export  consult- 
ant with  Dominion  Consultants  Corpor- 
ation, Ottawa. 

Fraser  H.  Fargey,  m.e.i.c.  ( Manitoba 
'34  ) has  been  appointed  manager  of 
the  Eastern  District  of  De  Laval  Tur- 
bine Canada  Ltd.  Mr.  Fargey  has  had 
over  20  years  experience  in  the  Canadian 
industrial  field.  The  Eastern  District 
covers  Quebec  and  the  Maritimes, 


EiC  CERTIFICATE  OF  ADVERTISING  MERIT 


Winner  of  the  monthly  award  for  the 
best  advertisement  in  the  September, 
1962  issue  was  Canadian  Johns-Manville 
Co.  Ltd.,  with  a black  and  white  double- 
page spread,  on  behalf  of  their  Themio- 
bestos  insulation. 

The  advertisement  is  particularly  strik- 
ing because  the  left-hand  page  is  solid 
black  except  for  a 6-inch  photo  of  a cross 
section  of  the  insulation  required  for  a 
pipe,  with  the  reader  looking  squarely 
down  the  length  of  it. 

The  right-hand  page  is  headed  “This  is 
J-M  THERMOBESTOS  Strongest,  Light- 
est, Most  Effective  Insulation  You  Could 
Use.  Saves  Money  For  You  In  Every 
Way.”  This  is  followed  by  good,  reason- 
why  copy  and  a smaller  photo  showing 
ease  of  installation. 

The  Advertising  Manager  of  Canadian 
Johns-Manville  Co.  Ltd.,  is  T.  S.  Pat- 
terson. The  Agency  is  the  Toronto  office 
of  MacLaren  Advertising  Co.  Ltd.,  W.  F. 
Burden,  Account  Executive. 


Each  month  a different  panel  of  50  journal  readers  from  across  Canada  selects  the  award-winning-advertisement  of  their 
choice  from  the  viewpoints  of  ACCURACY  - INFORMATION  - ATTRACTION. 
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